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“Your reward will be the widening of the horizon as you climb. And if you achieve that 

reward, you will ask no other.” 

Prof. Cecilia Payne-Gaposchkin 
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1. LIST OF ABBREVIATIONS 

ABG: air-bone gap 

AC: air conduction 

ADC: attenuation diffusion coefficient 

BC: bone conduction 

CI: confidence interval 

COM: chronic otitis media 

CWD: canal wall down tympanomastoidectomy 

CWR: canal wall reconstruction 

CWU: canal wall up tympanomastoidectomy 

CWU+MO: canal wall up tympanomastoidectomy with mastoid obliteration 

EAONO-JOS: European Academy of Otology and Neurotology - Japanese Otological Society 

GRADE: Grades of Recommendation, Assessment, Development, and Evaluation 

HRCT: high-resolution computed tomography  

MD: mean difference 

MRI: magnetic resonance imaging  

Non-EPI DWI MRI: non-echoplanar diffusion weighted magnetic resonance imaging 

Non-EPI: non-echo planar imaging 

PICO: Population, Intervention, Comparator, Outcome 

PTA: pure-tone average 

QUIPS: Quality In Prognostic Studies  

RoB 2: Risk-of-bias tool for randomized trials 

ROB: risk of bias  

ROBINS-I: Risk Of Bias In Non-randomised Studies of Interventions  

RR: risk ratio 

SD: standard deviation 

WHO: World Health Organisation 
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2. STUDENT PROFILE 

2.1. Vision and mission statement, specific goals 

 

My vision is to secure the highest level of care for patients living with chronic otitis 

media and cholesteatoma. Through helping clinicians choose the most appropriate surgical 

procedure based on disease extension and optimizing follow-up, recidivism rates and 

complications can be minimized, and the need for reoperations may be lessened.  

Thus, my mission is to evaluate and summarize data collected in trial and real-world 

settings, as well as to analyse patient data in our own clinical practice. I am committed to 

keeping up with the newest guidelines, employing contemporary imaging methods, and 

finding the most effective staging systems to help plan surgeries and standardize our results 

to make them comparable on a multi-institutional and international level. 

 

2.2. Scientometrics 

Number of all publications: 4 

With impact factor: 4 Without impact factor: 0 

 

Cumulative IF: 8,7 
 

Av IF/publication: 2,175 
 

Ranking (Sci Mago): Q1: 3 Q3: 1 
 

Number of publications related to the subject of the thesis:  2 

Cumulative IF: 4,4 
 

Av IF/publication: 2,2 
 

Ranking (Sci Mago): Q1: 2 
 

Number of citations on Google Scholar: 3 
 

Number of citations on MTMT (independent): 4 
 

H-index: 2 
 

The detailed bibliography of the student can be found on page 56. 

 

2.3. Future plans 

Through the generous support and guidance of my supervisor and seniors over the last 

three years, which has been, thus far, the most challenging and rewarding of my life, I have 

gained a glimpse into the extraordinary world of otological surgery. In the future, I aim to 
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hone my clinical skills in otorhinolaryngology and contribute to the scientific world 

through continuing research activities and deepening my understanding of statistics. 
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3. SUMMARY OF THE THESIS  

Cholesteatoma is a fundamentally benign growth of squamous epithelium inside the 

middle ear; however, it leads to a significantly decreased quality of life (ear discharge, 

hearing loss) and severe, even potentially life-threatening complications (facial nerve 

palsy, meningitis, intracranial abscess). Due to high recidivism rates, meticulous surgical 

planning and technique are required with long and diligent follow-up afterwards using 

specialized cholesteatoma-dedicated imaging protocols. However, high-level evidence 

regarding how the extent and growth rate of this disease determine management is still 

missing. 

 In this thesis, we investigated the usefulness of the Potsic staging system intended for 

congenital cholesteatoma as a tool to predict residual disease proportions and analysed 

individual growth rate measurements in order to create an evidence-based simulation 

model to estimate optimal timing of follow-up imaging. 

 During our first study, we observed that despite outstanding clinical applicability, due 

to varied reporting, the Potsic staging system’s prognostic value cannot be confirmed. The 

cholesteatoma simulation model in our second study shows that the optimal timing of 

follow-up imaging to screen for residual cholesteatoma is 28-35 months postoperatively. 

 Thus, we conclude from the first project that staging systems are widely used and are 

an essential tool for planning procedures and estimating outcomes. Nevertheless, 

standardized reporting is just as important in order to compare international results on a 

multi-institutional scale and create a higher level of evidence. The second study shows that, 

contrary to current clinical practice, a somewhat later timing may be more advantageous 

in cholesteatoma-specific follow-up imaging to lower the rate of false-negative 

examination results. 
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4. GRAPHICAL ABSTRACT  

Study I. - Predicting residual cholesteatoma with the Potsic staging system still lacks evidence: 

a systematic review and meta-analysis 

 

Study II. - Modeling residual cholesteatoma growth rate: a meta-analysis of individual 

participant data 
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5. INTRODUCTION  

 

5.1. Overview of the topic 

 

5.1.1. What is the topic? 

Given the array of possible surgical procedures in middle ear surgery, each affecting 

patients’ pre- and postoperative quality of life to varying degrees, cholesteatoma expansion is 

crucial to consider during diagnostics to minimize recidivism and optimize outcomes. 

 

5.1.2. What is the problem to solve? 

Many extension-based cholesteatoma staging systems, such as the Potsic staging system 

for congenital cholesteatomas, have been proposed and linked to outcomes, but evidence is 

scarce regarding whether these are supported by the available data.  

The recently developed non-echoplanar diffusion weighted magnetic resonance 

imaging (non-EPI DWI MRI) is becoming a key element of long-term follow-up after 

cholesteatoma surgery. This imaging modality is highly specific and sensitive to 

cholesteatoma; however, no widely accepted international protocol exists for timing these 

examinations, and accessibility is also limited in many regions.  

 

5.1.3. What is the importance of the topic? 

Cholesteatoma recidivism and the concomitant possibility of reoperations place 

considerable pressure on both patients and surgeons. Optimized staging systems could help 

plan successful procedures and compare results across multiple institutions. Difficult access to 

cholesteatoma-specific, time-intensive imaging methods also calls for a robust, internationally 

accepted follow-up protocol.  

 

5.1.4. What would be the impact of our research results? 

To gauge the possibility of recurring disease and choose the optimal time to screen for 

it may offer significant help to physicians in minimizing residual rates and further lowering the 

need for additional surgeries, thus ensuring a higher quality of life for patients. 
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5.2. A brief introduction to cholesteatoma 

 

5.2.1. Cholesteatoma history, theories, histology 

5.2.1.1. Definition, classification, and epidemiology 

As defined in the European Academy of Otology and Neurotology - Japanese 

Otological Society (EAONO/JOS) Joint Consensus Statements(1), cholesteatoma is a mass of 

keratinizing squamous epithelium located in the middle ear and/or the mastoid cavity that leads 

to a gradual buildup of squamous debris and a surrounding inflammatory reaction, while 

potentially causing extensive damage in the hearing ossicles and the temporal bone. Thus, the 

term “cholesteatoma”, as first mentioned by Johannes Müller in 1838(2) when it was still 

believed that cholesteatomas were adipose tissue tumors, is quite misleading, because no 

cholesterol is involved in the buildup of the mass, and though expansive in nature, 

cholesteatomas are benign, non-neoplastic lesions. 

Cholesteatomas are classified as congenital or acquired, and the latter category is 

subdivided into retraction pocket or non-retraction pocket cholesteatomas (although in 

advanced cases, defining the exact origin may not be possible, these cases are grouped as 

unclassifiable) (1). It is important to make a distinction when considering postoperative 

findings: recidivism is the umbrella term for all renewed cholesteatoma formation and is 

subdivided into residual and recurrent cases. Residual cholesteatoma originates from squamous 

tissue left behind during surgery and might not be apparent during otomicroscopic follow-up. 

Recurrent cholesteatoma describes the formation of a new retraction pocket, which may 

reappear after successful eradication(3).  

As of 2026, the global prevalence of cholesteatoma is estimated to be 4.02 per 100.000 

people(4). Congenital cholesteatoma is rather scarce, comprising 1-5%(5) of all 

cholesteatomas. In a recent meta-analysis, cholesteatoma recidivism was shown to be 

16.20%(4), although international results are highly varied, with recidivism rates spanning 

between 4-70%(6, 7, 8, 9, 10). 

 

5.2.1.2. Pathogenesis theories 

Several theories exist for acquired cholesteatoma formation, all of them controversial 

to varying degrees in their explanation for how exactly squamous epithelium, from the 

outermost layer of the tympanic membrane, penetrates the tympanic cavity.  

The least contested and oldest of them is the retraction pocket theory(11), which names 

Eustachian tube dysfunction and a resulting negative pressure as a cause for retraction pocket 
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formation. Although seemingly proven in an early gerbil model(12) and providing a clear 

justification for acquired pars flaccida cholesteatoma, Eustachian tube function by itself fails 

to explain several real-world scenarios, such as cholesteatoma recurrence in ears with 

functional ventilation tubes(13). Nevertheless, newer theories, such as selective epitympanic 

dysventilation syndrome (14), seem to provide an explanation for cases by describing an 

isolated, hypoventilated space just medial to one of the common sites of retraction pockets, the 

pars flaccida. 

Another, less popular theory is the theory of squamous immigration(15). This theory 

burdens tympanic membrane perforations with the responsibility of acting as a pathway for 

squamous cells to enter the tympanic cavity. This might be the process behind some pars tensa 

cholesteatomas, but even if only a fraction of perforations led to cholesteatoma, the incidence 

should be significantly higher. 

According to the squamous metaplasia theory, as demonstrated in previous in vivo 

experiments (16), chronic inflammation of the middle ear leads to squamous metaplasia of the 

middle ear mucosa. This theory failed to gain significant traction because it does not explain 

the formation of retraction pockets. 

A further theory places the blame on squamous basal hyperplasia. In this scenario, 

keratinocytes migrate medially and extend through the subepithelial space through 

pseudopodia, thus forming a retraction pocket. Since it was established previously that the main 

migration pathways in the tympanic membrane are lateral instead of medial (17), this theory 

also leaves many clinicians sceptical. 

The most novel theory, based on a retrospective analysis of second-look procedures, is 

called the mucosal traction theory (18). Its author hypothesizes that just like in many other 

inflammatory processes in the human body, a self-reparatory mechanism, complete with 

migration of immunologically active tissue (in this case, the tympanic membrane) towards 

chronically inflamed areas, is aided by ciliary epithelial cells. Although this theory seemed to 

have a sturdy basis, thanks to a study of young patients with primary ciliary dyskinesia and 

chronic otitis media (none developed cholesteatomas) (19), during a later analysis, the 

concentration of ciliary epithelial cells in the area in question proved low (20), thus leaving 

clinicians without a theory to rule them all once again. 

Similarly, little is known about the exact etiology and pathogenesis of congenital 

cholesteatoma. Many theories exist, but the two with the most ample evidence behind them are 

the theory of epidermoid formation presented by Teed and Michaels(21, 22) and the acquired 

inclusion theory introduced by Tos(23). According to the first, clusters of viable epithelial cells 
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(later named epithelial formations) that migrated either from the amniotic fluid or the first and 

second branchial arches persist past the 33rd week of gestation and grow in tympanic cavities. 

The presence of such epidermoid formations has been proved in fetal tympanic cavities, but 

multiple working groups failed to show keratinization(24, 25, 26). The second theory 

hypothesizes that, as the tympanic membrane retracts during transient tubal dysfunction, it 

adheres to the malleus neck or incus, and later moves back to its physiological position, the 

membrane may leave behind squamous cells on these ossicles that form the keratinous pearl. 

However, this theory only explains congenital cholesteatomas in the anterosuperior quadrant. 

 

5.2.1.3. Histology, cellular, and molecular mechanisms 

Cholesteatomas are divided into 3 parts histologically(27). The center of 

cholesteatomas is an acellular, mixed mass of keratinous and sebaceous debris. The next layer 

is the matrix, which has a skin-like structure, for the most part, stratified squamous epithelium. 

The outermost zone, the perimatrix, rich in inflammatory cells and granulation tissue (28), is 

the main site of expression of tissue factors responsible for the damage caused by 

cholesteatomas, such as inflammatory cytokines, bone-resorbing and osteoclast-stimulating 

cytokines (interleukin-1, interleukin-6, and interferon -β) (29). Through these factors, 

perimatrix fibroblasts and matrix keratinocytes interact in a paracrine and autocrine loop, 

furthering the inflammatory reaction(30). Previously, a larger proportion of fibrous tissue was 

found in adult perimatrices than in children’s, thus seemingly strengthening the dogma of 

pediatric cholesteatoma being more active (31). However, in a recent analysis, the expression 

of cytokines, remodeling, angiogenic, and transcription factors in this layer showed no 

significant difference between the two age groups (32). Based on these results, it was theorized 

that the previously observed difference may be due to anatomical reasons, such as Eustachian 

tube anatomy, mastoid cell aeration, and the higher incidence of otitis media in children(33). 

 

5.2.2. Cholesteatoma diagnosis and imaging 

5.2.2.1. Symptoms, otoscopic and audiological findings 

Patients with cholesteatomas present most commonly with nonspecific symptoms such 

as otorrhea, aural fullness, hearing loss, and, less frequently, vertigo, facial palsy, or 

tinnitus(34). In many cases, especially congenital cholesteatomas, remain asymptomatic for 

years and are only diagnosed incidentally(35). In this time, they may grow extensively, leading 

to potentially life-threatening intracranial or extracranial complications, such as meningitis, 

subperiosteal abscess, labyrinthine fistula, or venous thrombosis(36, 37). Frequent 
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otomicroscopic findings in patients with acquired cholesteatoma may include granulating aural 

polyps(38), squamous debris emerging from a retraction pocket in the tympanic membrane 

(28). Congenital cholesteatoma, as defined by the 1986 Levenson criteria, presents as a white, 

pearl-like lesion behind an intact pars tensa and flaccida in patients without a history of 

otorrhea, perforations of the tympanic membrane, or previous otosurgical interventions(39). 

During pure-tone audiometry, conductive hearing loss is often reported due to ossicular 

erosion, but sensorineural and mixed hearing loss may also present in advanced cases due to 

cochlear damage (40). 

 

 5.2.2.2. Imaging modalities (HRCT, non-EPI DWI MRI) 

Cholesteatomas are usually diagnosed based on otoscopic findings, but as bony erosion 

frequently occurs in tympanic cavities affected by cholesteatoma, high-resolution computer 

tomography (HRCT) is an important tool for planning the ideal surgical approach and the 

extent of surgery needed (41). Examinations are quick, require no contrast (unless intracranial 

complications such as abscesses are suspected), and help surgeons prepare for procedures by 

showing anatomical variations and nerve or vessel dehiscences, which may be causes for 

complications (42). Radiation might be an important factor to consider, especially in pediatric 

cases, but novel modalities such as cone-beam CT (CBCT) deliver 40% less radiation (43) 

while providing close to equal resolution (44). 

Although HRCT is invaluable for preoperative planning, it is unhelpful for the purposes 

of follow-up. Traditionally, all cholesteatoma patients’ ears were reexamined approximately 1 

year after surgery during a mandatory procedure called “second-look”; however, a new 

imaging modality is rendering these interventions obsolete(45). When differentiating between 

granulation tissue, fibrosis, scarring, and residual cholesteatoma tissue, non-echoplanar 

diffusion-weighted magnetic resonance imaging (non-EPI DWI MRI) with apparent diffusion 

coefficient (ADC) mapping (41) proved highly sensitive and specific for cholesteatoma (46, 

47) as small as 3 millimetres (48). Non-EPI DWI MRI undoubtedly has some drawbacks, such 

as long acquisition times, which may prove challenging for younger patients (42), but on the 

other hand, it involves less financial burden than second-look procedures (49) and no radiation. 

Timing these examinations is highly sensitive. To prevent false negative results due to residuals 

still being too small, early scans should be avoided(50, 51), but postponing examinations may 

lead to extensive growth going unnoticed in residual cases. 

Despite the evidence detailed above, an international guideline for follow-up imaging 

has yet to emerge. 
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5.2.3. Staging systems for cholesteatoma 

Using staging systems can be helpful in many aspects. Standardizing outcomes could 

make them internationally comparable between institutions, which may lead to more robust 

evidence to help manage patients’ expectations and assist surgeons in planning procedures 

while anticipating severity and risk of recidivism. 

Several staging systems have been proposed in the past. In the contemporary literature, 

one of the most widely known systems was based on a joint consensus by the European and 

Japanese otological societies (EAONO/JOS) in 2017(1), which was intended for all 

cholesteatomas except for petrous bone cholesteatomas (for these, the location-based Sanna 

classification was devised a few years earlier(52)), and divided them into 4 stages:  stage I if 

the cholesteatoma was still confined to its origin site, such as the attic or the tympanic cavity, 

stage II if cholesteatomas extended to two or more locations, stage III included extracranial 

complications, e.g. labyrinthitis or facial nerve palsy and stage IV incorporates intracranial 

complications like brain abscesses or sinus thrombosis. 

The ChOLE classification(53) was introduced at the same conference as the 

EAONO/JOS staging for all cholesteatomas, and is intended to classify them in a more intricate 

manner based on extension, ossicular chain status at the end of surgery, Eustachian tube 

function, and the presence of complications. To aid the calculation of the score and staging, a 

web application was developed. 

The Potsic system(54), first published in 2002, is specific for congenital cholesteatoma. 

The staging is also based on extension: stage I is defined as cholesteatoma visible behind one 

quadrant of the tympanic membrane, stage II is cholesteatoma extending behind multiple 

quadrants, stage III means hearing ossicles are also involved, and stage IV consists of cases 

with mastoid involvement. The Potsic staging was updated in 2025 by Marchand et al.(55). 

The new version, named Mod-Pot, has a similar, extension-based system (tympanic cavity, 

attic/ossicular involvement, and mastoid involvement), but extension to the anterior 

epitympanum/protympanum or stapes superstructure demolition can be added as bonus points 

to further stratification. 

However, cholesteatoma is a highly heterogeneous disease even without considering 

the multitude of possible treatment modalities. As evidence regarding prediction based on these 

systems is scarce, there is still ample room for refinement. 
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5.2.4. Goals of cholesteatoma surgery, traditional procedures 

The sole treatment modality for cholesteatoma is surgery. Fundamental goals are the 

complete eradication of squamous tissue, the prevention of complications and recurrence, the 

creation of a dry, safe ear, and, if possible, the restoration or preservation of hearing (28). When 

considering the surgical options detailed below, it is important to remember that all patients 

are unique, from the stage of disease and symptoms they present with to their postoperative 

expectations. Despite novel minimally invasive techniques, clinicians need to strive to balance 

functional preservation with maximum disease eradication(56). 

 

5.2.4.1. Canal-wall-down tympanomastoidectomy (CWD) 

The more traditional approach in cholesteatoma surgery is canal-wall-down 

tympanomastoidectomy, which refers to a modified radical mastoidectomy, in which the 

posterior wall of the bony external ear canal is removed, resulting in a so-called open cavity. 

In a more extended, nowadays near-obsolete version of this procedure (radical mastoidectomy), 

the middle ear was also opened into the cavity, and the Eustachian tube was obliterated(28). 

Although CWD provided excellent visual control for clinicians before the endoscopic era(57), 

it also has some drawbacks from the patients’ point of view. Hearing rehabilitation and 

aesthetics tend to bring modest results, and numerous patients need regular appointments for 

cleaning their cavities, which do not tolerate water exposure(58). From a surgical point of view, 

revisions are often made necessary by meatal stenosis(8), inadequately removed bony 

overhangs, and ridges(59). 

 

5.2.4.2. Subtotal petrosectomy (STP) 

This term was first used by Ugo Fisch to describe the total extirpation of the temporal 

bone’s pneumatic cavities, performing abdominal fat obliteration of the resulting cavity, and 

finally a blind sac closure of the external auditory canal(60). STP is an extensive procedure, 

resulting in maximal conductive hearing loss; however, for select patients who already have 

profound hearing loss and poor quality of life due to several previous procedures, the possibility 

of a dry, water-tolerant ear still may be worth this sacrifice(61). 

 

5.2.4.3. Canal-wall-up tympanomastoidectomy (CWU) 
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In contrast to CWD, during CWU, the posterior wall of the bony outer ear canal is kept 

intact. Endoscopes provide optimal visualisation, thus rendering the previously higher 

recidivism rates post-CWU comparable to those post-CWD(56, 62, 63). Although planned 

second-look procedures or non-EPI DWI MRI examinations are needed for follow-up since 

direct otomicroscopic visualisation of the mastoid cavity is not possible, there is no need for 

regular cleaning appointments, closed cavities tolerate water, and hearing aids are easily 

fitted(64, 65). 

 

5.2.4.4. Mastoid obliteration (MO) and Canal Wall Reconstruction (CWR) 

To combine the advantages of CWD and CWU procedures, the concept of CWU 

mastoid obliteration was introduced(66). During this procedure, after performing CWU, the 

mastoid cavity is filled with autologous or synthetic material (in the original description, soft 

tissue flaps, but in contemporary practice, bone pâté, hydroxyapatite, or bioactive substances 

are used most often) to prevent the invasion of a potential new retraction pocket into the 

mastoid or attic. This procedure is not only advantageous because it results in lower recidivism, 

but also keeps the canal wall intact(67). In comparison, during a more technically demanding 

procedure, CWR, a CWD procedure is carried out first, then the posterior canal wall is 

reconstructed with bone chips or cartilage, and as a final step, the mastoid cavity is also 

obliterated(68, 69). Mastoid obliteration has gained considerable significance in recent years 

because it provides significantly lower recurrence rates than either of the procedures discussed 

above(70, 71, 72, 73).  

 

5.2.5. Future perspectives 

 As biomolecular data on cholesteatomas rapidly expand and new technologies emerge, 

new perspectives emerge in cholesteatoma treatment.  

A Japanese working group in 2019 published early but promising results on treating 

patients with cholesteatoma using the topical application of a cream containing the cytostatic 

agent 5-fluorouracil(74). Other targeted molecular therapeutic agents already used in other 

disorders were also proposed, but further in vivo evaluations are needed. In the future, these 

pharmacologic therapies could be used to limit not only growth but also recurrence by 

preventing the inflammatory circulus viciosus of cholesteatoma expansion (75).  

 The compact dimensions of the temporal bone and the relative closeness of vital 

structures within it always meant a considerable challenge for surgeons. However, emerging 

augmented reality (AR) technology, wherein imaging data such as cholesteatoma extension 
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and facial nerve position are superimposed on the surgeon’s endoscopic or microscopic field 

of view(76). This renders minimally invasive procedures such as keyhole mastoidectomies 

feasible(77).  

 New hardware in the form of extracorporeal video endoscopes (exoscopes) was also 

introduced. These devices combine a heads-up display previously utilized by endoscopes with 

the two-handed methodology of microscopes (78, 79). 

 Surgical procedures and imaging modalities may develop rapidly, but cholesteatoma 

still challenges even seasoned surgeons daily due to high recidivism rates and its destructive 

nature. Thus, minimizing morbidity and optimizing surgical treatment is still the cornerstone 

of research in contemporary cholesteatoma surgery. 
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6. OBJECTIVES 

 

6.1. Study I - Predicting residual cholesteatoma with the Potsic staging system still 

lacks evidence: a systematic review and meta-analysis 

 

In the first study, we aimed to investigate the incidence of residual cholesteatoma in the 

4 stages defined in the Potsic system for congenital cholesteatomas. Using individual follow-

up data, our goal was to assess the prognostic capabilities of this staging system, and as a 

secondary outcome, analyse the connection between Potsic stage and hearing improvement. 

 

6.2. Study II - Modeling residual cholesteatoma growth rate: a meta-analysis of 

individual participant data 

 

In our second meta-analysis of individual participant data, our objective was to analyse 

residual cholesteatoma growth rate through a simulation model in order to provide an optimal, 

evidence-based time window for imaging or operative follow-up. 
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7.  METHODS 

 

7.1. Methodology and Protocol 

Both meta-analyses were conducted based on the recommendations of the PRISMA 

2020 guideline(80), the PRISMA-IPD guideline(81), and the Cochrane Collaboration(82). The 

two study protocols have been registered on PROSPERO(83) (Study I.: CRD42022383932, 

Study II: CRD42023465320) and followed in every aspect, aside from one exception in the 

second study, where congenital cholesteatomas were ultimately omitted from the analysis. 

 

7.2 Study I. 

7.2.1. Inclusion Criteria 

Patients of any age and sex who received a diagnosis of congenital cholesteatoma 

according to the Levenson criteria(39) and were assigned a Potsic stage(54) either 

intraoperatively or prior to surgery, undergoing primary procedures with more than 1 year of 

follow-up postoperatively. The last criterion was omitted in the systematic review section of 

the analysis to enable the inclusion of more sources, considering the low incidence of 

congenital cholesteatomas. Articles were only included if they were retrospective cohort or 

observational studies written in English, whereas we chose to omit conference abstracts and 

case reports.  

 

7.2.2. Outcomes 

The primary outcome of our analysis was the incidence of residual cholesteatoma in 

each Potsic stage, which, according to the definitions adopted by the EAONO-JOS in 2017(1), 

is squamous tissue left behind in the tympanic or mastoid cavity after a surgical procedure, 

which later becomes the starting point for serving as a focal point for repeated cholesteatoma 

formation.  

As additional outcomes, we collected data on the location of residual growth, grouped based 

on tympanic membrane quadrants, mean age at diagnosis, and audiological outcomes reported 

as pre- and postoperative pure tone averages (PTA) with air-bone gap (ABG). 

 

7.2.3. Search and selection 

A systematic search with no filters applied was conducted on December 14, 2022, in 4 

databases (PubMed, Embase, Web of Science, and Cochrane Library) using a 2-domain search 
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key: ("Potsic" and stag* or system or classification or congenital or pediatric) AND 

cholesteatoma 

Duplicates were removed first automatically, then manually using a citation manager 

program (EndNote 20(84)). Afterwards, the title-abstract, then full text selection was 

performed by two independent authors in a collaborative citation manager application called 

Rayyan(85). After both selection stages’ results were compared, differences were resolved with 

a third author, and Cohen’s Kappa(86) was calculated to measure interrater reliability. The 

references listed in all studies identified during the full-text selection were also searched for 

potentially includable articles using CitationChaser(87).  

 

7.2.4. Data extraction 

The two authors performing the selection process moved on to extract data 

independently and enter it into a predesigned Excel(88) datasheet. The following items were 

included, if available: first author family name, publication year, demographic characteristics 

(age, sex, number of cases), Potsic stage, number of cases in each stage, surgical procedure, 

mean duration of follow-up period, audiological results, cholesteatoma location, criteria for 

exclusion, and inclusion. 

 

7.2.5. Risk of Bias and Quality of Evidence Assessment 

To assess risk of bias, the QUIPS tool(89) was chosen, and the process was completed 

by two authors independently, assisted by a third one to resolve disagreements. Results were 

visualised with the RobVis application(90). As proposed by the GRADE 

recommendations(91), a single author assessed the quality of evidence. 

 

7.2.6. Synthesis Methods 

Across all 4 Potsic stages, the effect size was measured using the total number of 

patients with and without residual cholesteatoma. Then, a random intercept meta-logistic 

regression model was utilized for pooling proportions with stage acting as a moderator 

variable(92). The Hartung-Knapp adjustment(93) was used to control for the uncertainty in 

between-study heterogeneity. The maximum likelihood method was applied to calculate 

random effect heterogeneity (τ2). We anticipated differences in the between-study 

heterogeneity within the subgroups defined by the stages, thus different τ2 values were 

assigned to them. The between-subgroup difference was assessed using the Cochrane Q 
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test(92). Heterogeneity (I²) was assessed between the different studies according to Harrer et 

al.’s recommendations(92). 

 

7.3. Study II. 

7.3.1. Inclusion Criteria 

Studies were eligible for inclusion if they contained individual patient data on residual 

cholesteatoma growth and the time of measurement, either from direct intraoperative 

visualisation or from imaging. Articles not written in English, case reports, and animal studies 

were all excluded. According to our original study protocol, congenital cholesteatomas also 

would have qualified for inclusion, but through the systematic search process, only one article 

was identified with such data. Thus, we ultimately excluded this cholesteatoma type, given that 

the difference in etiopathogenesis between congenital and acquired cholesteatomas may lead 

to distinct growth dynamics. To restrict distortions in growth rate, we also decided not to 

include residual cholesteatomas that were discovered less than 2 months postoperatively. 

 

7.3.2. Outcomes 

For our primary outcome, we defined cholesteatoma growth rate in 2 forms: direct and 

indirect growth data, as shown in Figure 1. In those cases where residual cholesteatomas were 

measured at 2 different points and the time passed between studies was reported (for example, 

following a pregnant patient without operation using non-EPI DWI MRI). These data points 

will be mentioned as “direct measurements”. On the other hand, “indirect measurements” were 

collected from articles in which only one postoperative size measurement was available, with 

the interval between the primary procedure and imaging/second-look surgery reported. With 

these measurements, the exact size of intraoperative residuals, i.e. the starting point for growth, 

was probably below the visually detectable range; their extent cannot be identified accurately. 

We hypothesized that the intraoperative size is somewhere between 0 and 1 mm and ran our 

analysis accordingly. It was also questionable whether indirect and direct measurements could 

be pooled to maximize sample size and thus decrease variability within the model. Therefore, 

we also planned to assess the statistical difference between the two groups as well as differences 

between cohorts created based on sex, age, and previous surgery. 
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Figure 1 Direct and indirect cholesteatoma measurements MC – mastoid cavity, Ch – cholesteatoma, TC – tympanic cavity, ? – cholesteatoma of 

unknown size
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7.3.3. Search and selection 

Four databases (PubMed, Web of Science, Embase, and Cochrane Library) were 

searched without filters first on September 20, 2023, and then again on July 12, 2024, with the 

2-domain search key below: 

Cholesteatoma AND (growth or follow* or follow-up or recurrence or MRI) 

The additional search was deemed necessary because we learned of recently published articles 

containing more data for our analysis. Duplicates were removed automatically and manually 

in EndNote 20 (84), after which two independent reviewers conducted first title-abstract and 

then full-text selection in the data management application Rayyan(85). Cohen’s kappa(86) 

was calculated to quantify interrater reliability. With assistance from a third reviewer, 

disagreements were settled after each selection step. The list of citations in the articles 

identified through full-text selection was also searched with CitationChaser(87). For articles 

that contained only aggregate information on cholesteatoma growth rate, corresponding 

authors were contacted to request anonymized individual participant data (time elapsed 

between surgery and measurement(s), basic demographic features, surgery type, and 

cholesteatoma size, preferably as the largest diameters in 2 dimensions) via email. 

 

7.3.4. Data extraction 

Two independent authors extracted individual growth data from the studies identified 

through the search and data request process and entered them into a prespecified Excel 

spreadsheet(88) containing the following columns: first author surname, publication year, 

demographic characteristics (age, sex, number of cases), age at and time passed since surgery, 

surgical procedure, measurement method, size, cholesteatoma location and if available 

specifications of imaging protocols. In articles where data was only available as diagrams, 

measurements were extracted with the WebPlotDigitizer tool(94). 

 

7.3.5. Risk of Bias and Quality of Evidence Assessment 

Risk of bias was independently assessed by the previously mentioned two authors with 

the JBI Critical Appraisal for Case Series(95). Disagreements were discussed for conflict 

resolution, and the final results were illustrated using the Risk-of-bias VISualization web 

application(90). 
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7.3.6. Synthesis methods 

Data analysis and modeling were carried out using R(96) using the lme4(97), 

lmerTest(98), and sjPlot(99) packages.  

As previously described, cholesteatoma growth measurements were available either as 

direct or as indirect data; for the latter, the original size of intraoperative residuals was 

unknown. For growth estimation, we ran the model with four hypothetical, radiologically 

undetectable starting points: 0 mm, 0.33 mm, 0.66 mm, and 1 mm(100, 101). As indirect and 

direct measurements are two distinct groups and thus may cause systematic differences, they 

were introduced as fixed effects in our models, and further sensitivity analyses limited to direct 

measurements were carried out to quantify robustness, to make up for the significantly smaller 

sample size. We chose to carry out growth modeling not only collectively for all data but also 

separately for the following covariates to reduce bias: solely imaging-based measurements and 

direct growth data. 

We calculated growth rates from cholesteatoma size measurements described in three 

formats. First, as two-dimensional values, where the larger value was used as an effective 

diameter. As a second option, area estimates, from which the diameter of an equivalent circle 

was derived, or thirdly, volume estimates, from which the diameter of an equivalent sphere was 

calculated(102). We then used the resulting diameters to compute monthly growth rates by 

dividing the growth in diameter by the time elapsed in months. As growth rates tend to be 

positive and right-skewed, we performed a log-transformation to stabilize variance and 

improve normality in accordance with guidelines for log-normal biological process 

modeling(103, 104). Thus, in our final models, exponential fixed-effects coefficients depict 

multiplicative changes in the mean monthly growth rate. 

To address heterogeneity, we fitted linear mixed-effects models with restricted 

maximum likelihood estimation and patient-specific random intercepts nested within 

studies(105, 106, 107). The lme4 package implements well-established numerical approaches 

for estimating hierarchical models; thus, we used this package for modeling(97). Covariates 

such as age at surgery, sex, indirect/direct measurement, and surgical technique were modelled 

separately when differences in variable availability made it necessary. We obtained confidence 

intervals for fixed-effect estimates according to recommendations, using profile likelihood(97, 

108). We summarized model fit as recommended by Nakagawa and Schielzeth(109) and 

implemented in the MuMIn package(110), using marginal and conditional R² values. We 
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evaluated model assumptions by inspecting residual distributions and fitted residual 

relationships. 

We conducted a Monte-Carlo simulation to approximate the time required for 

cholesteatomas to reach clinically relevant sizes. To describe the underlying distribution of 

lesion expansion, we fit an intercept-only mixed-effects model to the log-transformed growth 

rates. According to established guidelines of parametric bootstrapping and Monte Carlo 

simulation(111, 112, 113), the fixed-effect estimate, its standard error, and residual variance 

were used to define a log-normal data-generating process. We generated 10,000 independent 

Monte Carlo draws by sampling log-growth rates from a normal distribution centred on the 

fixed-effect estimate with variance equal to the sum of its squared standard error and the 

residual variance for both target diameters, 3 mm and 5 mm, individually. Utilizing 

deterministic transformation, these values were exponentiated and converted into expected 

times to reach the diameter stated earlier. Rather than replicating a specific study design, these 

methods result in a distribution of plausible growth trajectories. The thus yielded distributions 

were visualised through density-based illustrations and delineated according to empirical 

quantiles. 

We are aware that this method does not accurately model real-life, three-dimensional 

cholesteatoma growth dynamics because it presumes a circular, bidimensional expansion 

interpreted as diameter expansion. However, our method proved to be practical and reliable for 

summarizing heterogeneously reported measurements. 
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8. RESULTS 

 

8.1. Study I 

8.1.1. Search and selection, characteristics of the included studies  

As pictured in the PRISMA flowchart in Figure 2, we have identified 13 articles (114-

126) during the full-text selection and reference search, which were all included in the 

systematic review section, and 7 (114-120) included data sufficient for our meta-analysis. Their 

characteristics are listed in Table 1. All studies were based on retrospective chart reviews, and 

outcomes included hearing and the incidence of open- and closed-type cholesteatoma. In total, 

we were able to include 643 patients (33,6% female, 6 months – 16 years) in the systematic 

review section.  

 

 

Figure 2 PRISMA flowchart of the selection process for Study I, which started with 6,616 

articles and resulted in 13 articles in the review and 7 in the meta-analysis section. 
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 Participants (% of 

females, age range) 

Intervention Outcomes Exclusion criteria (in 

addition to revision 

surgery and those 

listed by Levenson et 

al, 1986) 

Follow-up 

range 

Cho et al, 

2016(114) 

93 CC (31.2% F, 1-

17 yrs) 

transcanal myringotomy, 

tympanoplasty, 

CWU/CWD 

mastoidectomy 

age at operation, location, number of patients 

per year, symptoms, operative procedures, 

recurrence and complication rate 

 at least 12 

months 

Inokuchi et 

al, 

2010(115) 

23 CC (48% F, 2-37 

yrs) 

transleatal tympanotomy, 

atticotomy and 

scutumplasty without 

mastoidectomy, 

CWU/CWD 

mastoidectomy 

location, symptoms, residual rate, hearing 

improvement 

 at least 12 

months 

Kim et al, 

2018(116) 

12 CC involving 

anterior surface of 

the malleus and 

tensor tympani 

tendon (2-10 yrs, 

33% F) 

total endoscopic ear 

surgery, endoscope 

assisted procedures 

hearing, postoperative complications, residual 

or recurrent disease 

no involvement of the 

anterior surface of the 

malleus and tensor 

tympani tendon, stage 

IV 

3.5–38.0 

months 

Kobayashi 

et al, 

2015(117) 

12 CC (25% F, 1-6 

years) 

TEES hearing improvement, type, size and location of 

cholesteatoma, complications, and recurrence 

mastoid involvement 

(stage IV) 

3-51 months, 

mean 23.1 

months 

Lee et al, 

2014(118) 

36 CC (36% F, 0.5-6 

yrs) 

cholesteatoma removal 

with or without 

mastoidectomy 

age at operation, location and type of 

cholesteatoma, length of hospitalization 

residual disease, postoperative complications, 

mean time between initial and second-look 

surgery 

ossicular involvement 

and mastoid extension 

(stage III and IV) 

12-56 months 

Park et al, 

2018(119) 

25 CC (17 months - 

9 years, 24% F) 

TEES age at operation, location, size and type of 

cholesteatoma, hearing improvement, residual 

disease, postoperative complications 

mastoid involvement 

(stage IV) 

mean 24 

months, 12.2 - 

37.3 months 
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 Participants (% of 

females, age range) 

Intervention Outcomes Exclusion criteria (in 

addition to revision 

surgery and those 

listed by Levenson et 

al, 1986) 

Follow-up 

range 

Takagi et 

al, 

2014(120) 

71 CC (40,8% F, 1 - 

23 years) 

transcanal or combined 

transcanal and 

transmastoid approach, 

planned two-stage 

operation, CWD 

mastoidectomy 

symptoms, type and location of cholesteatoma, 

rate of residual disease 

 12 months to 6 

years, mean 

period 2.1 

years 

Jenks et al, 

2022(121) 

65 CC (29.2% F, 1.2-

16 yrs) 

TEES location, type, surgery characteristics, residual 

rate, hearing improvement 

stage IV 9-109.2 

months 

Kim et al, 

2019(122) 

115 CC (37.4% F, 

≤15 years) 

transcanal tympanoplasty, 

tympanomastoidectomy, 

tympanoplasty with 

atticotomy 

location, type and symptoms of cholesteatoma, 

age at diagnosis, residual rate 

 min 24 months 

(mean 55.4 

months) 

Park et al, 

2009(123) 

35 CC (≤15 years, 

22.9% F) 

tympanoplasty, 

epitympanoplasty, 

CWU/CWD 

mastoidectomy, 

ossiculoplasty with PORP 

placement 

CT findings, surgical findings, recurrence 

ratem hearing assessment 

 mean 47 

months, 9-128 

months 

Song et al, 

2019(124) 

38 CC (0.8-17.4 

years, 47.4% F) 

cholesteatoma removal 

with or without 

mastoidectomy 

size, type and location of cholesteatoma, rate of 

residual disease, hearing assessment 

 mean 30 

months,3-88 

months 

Stapleton et 

al, 

2012(125) 

82 CC (0.3-15.3 yrs, 

31%F) 

transcanal tympanoplasty, 

endaural or postauricular 

tympanoplasty, CWU 

tympanomastoidectomy, 

ossicular reconstruction, 

mean age at diagnosis, location, rate of residual 

disease and complications, hearing assessment 

 mean 4.3 

years, 6 

months - 12 

years 
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 Participants (% of 

females, age range) 

Intervention Outcomes Exclusion criteria (in 

addition to revision 

surgery and those 

listed by Levenson et 

al, 1986) 

Follow-up 

range 

second, third and fourth 

look surgery for 87% 

Yamatodani 

et al, 

2013(126) 

26 CC (42% F, ≤15 

years) 

mastoidectomy, 

myringoplasty, staged 

tympanoplasty, 

ossiculoplasty 

type and location of cholesteatoma, rate of 

residual disease, hearing assessment 

 10-146 months 

(median 38 

months) 

total 643 CC (33,6% F, 0.5-16 yrs) 

 

 Table 1. Baseline characteristics included articles for Study I 



32 

 

 

8.1.2. Quantitative and qualitative analyses 

 

8.1.2.1. Primary Outcome – Proportion of Residual Disease 

In our meta-analysis, 259 patients were included from 7 studies with 33 residual cases 

across 4 stages. The forest plot illustrating the results of the meta-analysis shows the proportion 

of residual disease in each stage (Figure 2). For all stages, the confidence intervals(CI) of 

residual disease proportion proved to be wide (stage I: 0,01-033; stage II: 0,09-0.38 in; stage 

III: 0,00-0,61; stage IV: 0,01-0,81) with high p values (stage I: 1.00; stage II: 0.99; stage III: 

1.00, stage IV: 0.28). Intergroup difference assessed through χ2
3 test showed no significant 

intergroup difference (χ2
3=3,17 p=0,37) and heterogeneity measured with I2 suggested that 

exact heterogeneity was difficult to evaluate (stage I-III: 0%, stage IV: 22%, overall 0). 

 

Figure 2 Forest plot showing the proportion of residual disease from the total number of 

patients after 1 year in four stages of the Potsic staging system for congenital cholesteatoma. 

 

8.1.2.2. Secondary Outcomes – Audiological Results 

9 articles (115-117, 119, 121, 123-126) included audiological results (Table 2), all 

using alternative reporting methods to each other and those of the Committee on Hearing and 

Equilibrium(127), thus, we were not able to summarize them. 
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Article (author, year) Hearing Results 

Examined 

thresholds on 

audiograms (kHz) 

Results reported in the articles Note 

Cho et al, 2016(114) not available    

Inokuchi et al, 

2010(115) 

staged pre/postoperative PTA for 

19/23 patients 
0.5, 1, 2 

Stage II, III, IV difference not 

statistically significant; Jonckheere test 

showed significant relationship between 

stage and postoperative PTA 

not 

reported 

whether 

results 

were base 

on bone/air 

conduction 

Jenks et al, 

2022(121) 

staged pre/postoperative PTA, ABG 

for the majority of patients 
0.5, 1, 2, 4 

Pre- and postoperative air conduction 

PTA and ABG were different among 

Potsic I-III groups, with worse pre- and 

postoperative hearing results measured 

among Potsic stage III cases 

 

Kim et al, 2018(116) 
unstaged pre/postoperative PTA(air) 

and PTA(bone) for 8/12 pts 
   

Kim et al, 2019(122) not available    

Kobayashi et al, 

2015(117) 

IPD, staged pre/postoperative PTA for 

4 patients 
0.5, 1, 2 

No ear showed any deterioration in 

hearing acuity, pure-tone audiometry 

performed in only seven patients 

not 

reported 

whether 

results 

were base 

on bone/air 

conduction 

Lee et al, 2014(118) not available    

Park et al, 2009(123) 
staged pre/postoperative ABG for 

22/35 patients 
0.5, 1, 2, 3 

In preop ABG gap a trend of the 

increase with advanced disease stage 

was detected, postop statistically 

significant improvement was not 

detected 
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Article (author, year) Hearing Results 

Examined 

thresholds on 

audiograms (kHz) 

Results reported in the articles Note 

Park et al, 2018(119) pre/postoperative audiogram in 1 case    

Song et al, 2019(124) preoperative PTA not specified   

Stapleton et al, 

2012(125) 

unstaged pre/postoperative PTA for 

80/82 patients 
   

Takagi et al, 

2014(120) 
not available    

Yamatodani et al, 

2013(126) 

staged pre/postoperative AC for 14/26 

patients 
0.5, 1, 2, 3 

Trend toward decreased rates of hearing 

improvement was associated with 

cholesteatomas of more advanced stage 

 

Committee on 

Hearing and 

Equilibrium 

Guidelines(127) 

mean, standard deviation and range of 

postoperative ABG, number of 

decibels of closure of the ABG (both 

at least 1 year after treatment), the 

change  in high-tone bone-conduction 

level in decibels of hearing-loss (6 or 

more weeks after treatment) for each 

case 

0.5, 1, 2, 3   

 

Table 2. Documentation and calculation methods of hearing outcomes in Study I. PTA = pure tone average, ABG = air-bone gap, IPD = 

individual patient data, AC = air conduction 
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Three studies (115, 117, 125) found a statistically significant relationship between stage 

and hearing improvement, whereas two others(116, 123) reported no significant change in 

hearing results. One article reported a more modest rate of audiological betterment for patients 

with higher-stage cholesteatomas(126), and though no statistical analysis was performed, 

worse hearing outcomes were described in one other analysis(121). 

 

8.1.2.3. Additional Outcomes – Cholesteatoma Location, Mean Age at Diagnosis or 

Surgery 

10 articles (115-125) reported individual data on cholesteatoma location, which we 

summarized in Figure 4. Where two or more locations were stated, rather than creating 

combined groups, we added them to preexisting ones separately. 

Figure 4 Bar chart depicting the quadrants of the tympanic membrane cholesteatomas 

are most commonly visible through in each stage as documented in the key articles 

 

Upon summarizing, the anterosuperior quadrant was most frequently affected (214 

cases, 38%), followed by the posterosuperior quadrant (163 cases, 29%). Other locations 

(posteroinferior quadrant (45 cases, 8%), anterior quadrans (35 cases, 6,2%), posterior 

quadrants (29 cases, 5,2%), anteroinferior quadrant (29 cases, 5,2%), atticus or epitympanic 

space (15 cases, 2,7%), mastoid cavity (9 cases, 1,6%), superior quadrants (2 cases, 0,4%), and 
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central quadrant (not specified) (1 case, 0,2%)) were less commonly affected. For 22 patients 

(3,9%), multiple, unspecified quadrants were reported. 

 

Eight reports (114, 116-120, 124, 126) had individual or pooled data on mean age at 

diagnosis or surgery. In five (114-118), individual data were given, and three(121, 124, 126) 

included the mean age at each stage. In order to summarize pooled results, we multiplied the 

mean age by the number of patients in each stage. With this method, we found a tendency of 

older age with more advanced stage: 3,5 years in stage I (129 patients), 4,3 years in stage II (53 

patients), 7,5 years in stage III (90 patients), and 9,4 years in stage IV (35 patients) (Figure 5). 

Figure 5 Mean age (years) at staging for patients diagnosed with congenital 

cholesteatoma. 

 

8.1.3. Risk of Bias Analysis 

Risk of bias analysis with the QUIPS tool(89) revealed a high risk of bias for all 

included articles (Figure 6). Articles proved to be biased in 3 domains, namely reasons for 

interrupted follow-up, staging procedure, and identifying confounders.  
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Figure 6 Visualization of the risk of bias assessment for Study I using the QUIPS 

tool. The grade of bias risk was quantified from low to high in each domain of the 

questionnaire, and overall, all studies proved to have a high risk of bias. 

 

We created contour-enhanced funnel plots to visualise publication bias (Figure 7). As 

recommended by Harrer et al(92), Egger’s test(128) was waived because the number of articles 

included did not exceed 10. 



38 

 

 

Figure 7. Contrast-enhanced funnel plot to visualise publication bias (i.e. studies with 

small studies – high standard error – not being published). Study size is shown on the y-axis 

through standard error, and effect size is on the x-axis, the dark blue triangles represent an 

ideal scenario with no bias. 
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8.2. Study II 

8.2.1. Search and selection, characteristics of the included studies  

Through our systematic search, we identified 11 articles (49, 129-138) (Figure 8, Table 

3) reporting growth data of 163 patients (mean age 28,3 years, range 4-72 years, data on sex 

provided for 42,3%, 19,6% female, 38% male), amounting to a total of 248 data points (170 

indirect, 78 direct measurements). After requesting individual participant data, the team at 

Université Paris Cité Department of Pediatric Otolaryngology shared anonymized 

measurements of 52 patients previously included in 3 separate studies (49, 129-130). Most 

studies were retrospective, and many included heterogeneous data from various surgical 

procedures and imaging protocols (Table 4). 

Figure 8 PRISMA flowchart of the selection process for Study II 
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First author, year 

of publication 

(Country) 

Study method 

(OCEBM rate 

of evidence) 

No. of cases (female 

%, age, data on 

previous operations) 

No. of cases with 

growth data (no. 

of datapoints, 

indirect/direct) 

Measurement 

method 

Follow-up 

length 
Mean growth rate 

Baoudouin et al., 

2023 (France)(129) 

Retrospective 

study (4) 

140 (NA, 9.2±3.7 years, 

various techniques) 
* Non-EPI DWI MRI 

3.2±2.2 

years 
Not calculated 

Daoudi et al., 2023 

(France)(50) 

Retrospective 

study (4) 
224 (30% F, 2-18 years) * Non-EPI DWI MRI 

27 ± 24 

months 
Not calculated 

Delrue et al., 2019 

(Belgium)(130) 

Retrospective 

clinical record 

study (4) 

48 (50% F, 14-84 years, 

post subtotal 

petrosectomy) 

10 (10, 10/0) 

EPI and non-EPI 

DW MRI, long and 

short axis diameter 

in coronal view 

0.5-13 years 

(mean 3.9) 
0.54 mm2 /month 

De Foer et al., 2008 

(Netherlands)(131) 

Prospective 

and blinded 

study (3) 

32 (31% F, 7-71 years, 

post CWU 

mastoidectomy) 

2 (2, 2/0) 
Intraoperative 

indings 

11.2-40.3 

months 

(mean 25.2) 

Not calculated 

Gristwood et al., 

1976 

(Australia)(132) 

Prospective 

cohort study 

(3) 

141 (50% F, 6-83 years, 

various techniques) 
23 (29, 24/5) 

Intraoperative 

indings 

At most 6 

years 

epitymanic: doubles 

diameter every 10 mo, 

mastoid: doubles 

diameter every 25 mo 

Hellingman et al., 

2019 (The 

Netherlands)(133) 

Retrospective 

case series (4) 

10 (70%F, 12-72 years, 

post subtotal 

petrosectomy) 

10 (62, 13/49) MRI (not specified) 

8-186 

months 

(mean 59) 

25.6mm3/month 
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Lecler et al., 2015 

(France)(134) 

Prospective 

monocentric 

consecutive 

study (3) 

22 (9%F, 4-18 years) 7 (10, 10/0) 

Non-EPI DWI and 

contrast enhanced 

MRI 

At least 12 

months 
Not calculated 

Pai et al., 2019 

(United 

Kingdom)(135) 

Retrospective 

case review (4) 

12 (NA, 4-66 years, 

various techniques) 
34 (34, 34/0) Non-EPI DWI MRI 

3.0 – 42.8 

(Mean 8.1 

years, 

median 6.1) 

4mm/year (median 2, 

range 0 – 18) 

Simon et al., 2024 

(France)(136) 

Retrospective 

observational 

study (4) 

223 (30%, 8.4±4.3 

years, various 

techniques) 

* Non-EPI DWI MRI 

95 months ± 

26.2 (range 

60-186) 

Not calculated 

Smith et al., 2020 

(United 

Kingdom)(137) 

Retrospective 

longitudinal 

study 

17 (41%F, 10-72 years) 17 (38, 17/21) Non-EPI DWI MRI 
33 months 

(range 6-91) 

0,6 mm/year (-0,2 mm – 

19.9 mm / year) 

van der Toom et al., 

2022 

(Belgium)(138) 

Retrospective 

case review 

271 (39% F, post CWU 

BOT with mastoid 

obliteration) 

8 (11, 8/3) Non-EPI DWI MRI 
60 months 

(IQR 56-62) 
1,8 mm/8 months 

Table 3 Baseline characteristics of included articles for Study II 
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8.2.2. Quantitative and qualitative analyses 

 

8.2.2.1. Biological Predictors of Growth – Age at Surgery, Sex 

As a result of linear mixed-effects modeling, age at surgery did not prove significant in 

predicting growth rate (1% decrease per year; 95% CI: -3% to +1%, p = 0.18, marginal R² = 

0.017, conditional R² = 0.31). These results show that most variability may be due to random 

effects. This part of the analysis was limited by scarce data. 

When examining sex as a predictor, male sex was associated with an approximately 19% faster 

growth in diameter each month (95% CI: 0% to 42%, p = 0.054) (Figure 9, 10, 11). 
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Figure 9 Summarization of observed relationships with the initial size of indirect 

cholesteatomas set to 0 mm: top row includes sex, growth type, and age; bottom row shows 

effects of surgical type. mm: millimetre, M: male, F: female, CWU: canal wall up, 

CWU+BOT: canal wall up with bony obliteration 
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Figure 10 Summarization of observed relationships with the initial size of indirect 

cholesteatomas set to 1 mm: top row includes sex, growth type, and age; bottom row shows 

effects of surgical type. mm: millimetre, M: male, F: female, CWU: canal wall up, 

CWU+BOT: canal wall up with bony obliteration 
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Figure 11 Summarization of observed relationships with the initial size of indirect 

cholesteatomas set to 0 mm and including only radiological measurements: top row includes 

sex, growth type, and age; bottom row shows effects of surgical type. mm: millimetre, M: 

male, F: female, CWU+BOT: canal wall up with bony obliteration 
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8.2.2.2. Growth Type 

When comparing direct and indirect growth rates in another model, when presuming 0 

mm as an initial size for indirect data points, directly measured cholesteatomas exhibited a 

significant, 25% slower growth rate (25%) compared to indirect measurements (95% CI: 6% 

to 47%, p = 0.01, marginal R² = 0.029, conditional R² = 0.28) (Figure 9). When indirect 

datapoints were assumed to be 1 mm in diameter instead, the difference between groups was 

no longer significant (95% CI: 6% to 47%, p = 0.191, marginal R² = 0.035, conditional R² = 

0.59) (Figure 10). Considering the uncertainty mentioned in the methods concerning indirect 

starting size, models were also created with initial sizes of 0.33 and 0.66 mm, and to decrease 

bias, including only radiological measurement, assuming a starting size of 0 mm. 

 

8.2.2.3. Surgical Procedure 

Patients followed after canal wall up procedures with bony obliteration technique 

(CWU + BOT) exhibited a statistically nonsignificant, 20% increased growth rate compared to 

patients who underwent only CWU (95% CI: -7% to +54%, p = 0.14). When comparing CWU 

to patients who previously had subtotal petrosectomies (STP), the latter was associated with a 

significant, 36% higher growth rate (95% CI: 6% to 75%, p = 0.01, marginal R² = 0.031, 

conditional R² = 0.29) (Figure 9, 10, 11). 

 

8.2.2.4. Simulation Study 

To calculate optimal timing for imaging or second-look surgery, simulated growth 

durations were generated. When presuming 0 mm for indirect starting size, 3 mm (non-EPI 

DWI MRI threshold) in diameter was reached or surpassed by 95% of cholesteatomas within 

28 months and 5 mm (feasible to locate during second-look surgery) was reached or surpassed 

by 95% of cholesteatomas within 47 months (Figure 12) When indirect starting size was 

increased to 1 mm, a diameter of 3 mm was reached or surpassed only at 35 months, and 5 mm 

was reached or surpassed at 58 months (Figure 13). When only using radiological 

measurements, the time span was 27 months for 3 mm and 46 months for 5 mm in 95% of 

cases (Figure 14). 
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Figure 12 Ridge density plot of simulated time (months) required to reach 3 mm and 5 mm 

cholesteatoma growth targets, with the initial size of indirect cholesteatomas set to 0 mm. The 

figure shows the distribution of the likelihood of cholesteatomas reaching a size of 3 or 5 

millimetres by a specific time point. Dashed red lines indicate 95th percentiles for each target. 
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Figure 13 Ridge density plot of simulated time (months) required to reach 3 mm and 5 mm 

cholesteatoma growth targets, with the initial size of indirect cholesteatomas set to 1 mm. The 

figure shows the distribution of the likelihood of cholesteatomas to reach a size of 3 or 5 

millimetres by a specific timepoint. Dashed red lines indicate 95th percentiles for each target. 
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Figure 14 Ridge density plot of simulated time (months) required to reach 3 mm and 5 mm 

cholesteatoma growth targets, with the initial size of indirect cholesteatomas set to 0 mm and 

including only radiological measurements. The figure shows the distribution of the likelihood 

of cholesteatomas to reach a size of 3 or 5 millimetres by a specific timepoint. Dashed red lines 

indicate 95th percentiles for each target 



50 

 

 

8.2.3. Risk of Bias Assessment 

Owing to heterogeneous imaging protocols, lack of data on consecutiveness and patient 

demographics, 10/11 key articles received a high risk of bias rating based on the domains of 

the JBI tool for case series(95) (Figure 15). 

 

Figure 15 Visualization of the risk of bias assessment for Study II using the JBI tool(95). 
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9. DISCUSSION 

9.1. Summary of findings, international comparisons (including all studies) 

Cholesteatoma is an expansive growth of squamous epithelium inside the middle ear, 

which can either originate from a retraction pocket in the tympanic membrane (“acquired 

cholesteatoma”) or, in a significantly smaller portion of cases, the condition is congenital(34). 

Contemporary therapeutic options are all surgical, with a wide array of procedures involving 

varied invasiveness, their indications based mainly on disease extension. Since recidivism 

(recurrence or residual disease) affects a large portion of patients, long-term follow-up is 

essential. In this work, we investigated the possibilities of supporting cholesteatoma 

management based on disease extension. 

In the first study based on individual data from 259 patients with substantial (minimum 1 

year) follow-up after primary surgery for congenital cholesteatoma, the difference in residual 

disease proportion was not statistically significant between Potsic stages. Disease tended to be 

more extensive as patient age increased, and the most frequent location was behind the 

anterosuperior quadrant of the tympanic membrane. Audiological outcomes could not be 

summarized due to a lack of uniform reporting. 

During our second project, through collecting all available individually reported 

cholesteatoma growth data from the literature and creating a residual disease detectability 

model, we found that 95% of cholesteatomas reach or surpass 3 mm in diameter (lowest size 

to be detected with optimal specificity and sensibility with non-EPI DWI MRI) after 28-35 

months of follow-up after surgery, while the same detection time window for a 5 mm diameter 

is 47-58 months. 

 

9.1.1. Congenital cholesteatoma staging 

As congenital cholesteatoma has a low prevalence (most studies that surfaced in our search 

include fewer than 100 patients), uniform reporting is essential to create a higher level of 

evidence. Staging systems are especially helpful for this, and a system created especially for 

congenital cholesteatoma by Potsic and colleagues(54) is one of the most widely used staging 

systems. These tools may also facilitate clinical decision-making when selecting the 

appropriate surgical procedure, thus minimizing the time our youngest patients spend in the 

hospital. When describing the Potsic staging system for the first time, the authors also included 

4 principles as goals for their own staging system: simplicity, stages being clearly defined and 

well-balanced, and prognostic for later outcomes such as residual disease. Three of our key 

articles assessed prognostic accuracy in their respective cohorts, finding an association between 
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advanced stage and a higher probability of residual cholesteatoma(139, 140, 141), while two 

reported no such connection(124, 142). However, when pooling their results, we found that the 

difference in the proportion of residual disease between stages was not statistically significant. 

 

9.1.2. Congenital cholesteatoma location 

During our first project, when grouping congenital cholesteatomas by the quadrant of the 

tympanic membrane through which they were visualised, the most common location was the 

anterosuperior quadrant, closely followed by the posterosuperior quadrant, which is in line with 

previous publications(143, 144, 145). Inkouchi et al.(139), while analyzing an international 

cohort, found that patients in East Asia were more likely to have more extensive disease. Our 

data, though mostly collected from articles published in this region, also showed a 

predominance of the anterosuperior quadrant being affected.  

 

9.1.3. Biological predictors of growth 

When analyzing residual cholesteatoma growth in the second study, we chose to assess 

basic demographic features such as age and previous surgical procedures. 

In middle ear surgery, there is a long-standing presumption, mostly rooted in clinical 

experience and retrospective studies, that cholesteatoma is more aggressive in children. 

Previous publications reported larger extension upon diagnosis, more drastic bony erosion, and 

different biochemical properties compared to those in adults(146, 147, 148, 149, 150). 

However, in our second study, we found no significant correlation between age at surgery and 

residual disease growth. A recent analysis of MRI follow-up results involving 664 patients also 

found that for patients younger than 12 years, the time between surgery and discovering 

residuals was not shorter than that in adults; however, the risk of developing residual disease 

in this group was higher(51). 

Another factor of interest is the characteristics of the cavity where residual disease 

forms and whether these spatial relations influence growth rate(151). These are determined by 

previous surgical procedures: after mastoidectomy, patients are left with an aerated mastoid 

cavity, whereas after bony obliteration or subtotal petrosectomy, these spaces are filled with 

bone pâté or autologous fat. In our cohorts (notably heterogeneous, non-randomized, and small 

groups with an asymmetric distribution), a multivariate analysis found no clinically significant 

differences in growth dynamics across these spaces. In a recent retrospective comparative 

study, Kemps et al.(152) found that when comparing bony obliteration and subtotal 
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petrosectomy follow-up results, residual cholesteatomas were discovered earlier in the first 

group, although statistical significance was not determined. 

Although the data available to us were limited, it would also be worthwhile to investigate 

whether previously implanted synthetic matter (such as ossicular prostheses made of titanium, 

silicone sheets placed to prevent scar tissue formation, or autologous bone columellas) 

influences residual growth. 

 

9.1.4. Cholesteatoma follow-up 

To our knowledge, no other cholesteatoma growth model exists, and no internationally 

approved protocol has been established to this point for cholesteatoma follow-up. However, 

there is consensus in the literature that, because a large proportion of residual cholesteatomas 

appear multiple years postoperatively, an extended follow-up period is needed, and early 

imaging studies should be interpreted with the possibility of false-negative results in mind. (50, 

51, 136, 138). Concerns of complications were raised about the delayed follow-up. 

Nevertheless, according to an analysis conducted during the SARS-CoV-2 pandemic(153), the 

incidence of major complications did not increase despite longer waiting periods.  

In our first project, we found several sources that presented cases with follow-up 

periods shorter than one year, and during the selection process for our second article, we also 

found instances where imaging was conducted mere months after surgery. Thus, to reduce bias, 

we decided not to include these in our analyses.  

However, as previously mentioned, some patients have a higher risk of developing residual 

disease, such as ossicular erosion(154), intraoperative bleeding(155, 156), and extension to 

hard-to-access areas such as the sinus tympani. Since no standard assessment tool exists for 

these in cholesteatoma surgery, physicians should gauge risk individually for patients, and in 

select patients, it might be advisable to diverge from established clinical practice with earlier 

follow-up MRIs.  

Non-EPI DWI MRI with ADC mapping has excellent sensitivity (87%-100%) and 

specificity (83%-100%) for cholesteatoma as small as 2-3 mm (48, 157, 158, 159). However, 

autografts introduced previously (cartilage grafts or bone columella were previously shown to 

influence specificity(160, 161). Taking this into account, when specifying detection thresholds 

in our cholesteatoma growth model, we chose 3 millimetres for radiological follow-up, and 

considering our clinical experiences (such as re-exploring a previously obliterated mastoid 

cavity), we defined 5 millimetres as the limit for operative follow-up. Complying with 
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established statistical methods (162), the time elapsed between imaging and detection was 

calculated when 95% of cholesteatomas could be detected. 

The majority of size measurements in the database for the second study were based on imaging 

studies. While this group was already heterogeneous, there were 5 other cholesteatomas, which 

were measured intraoperatively using surgical instruments with known dimensions(132). To 

limit intragroup variance, we conducted an analysis omitting these measurements, which 

yielded results similar to our original model (95% of cholesteatomas reaching or surpassing 3 

mm at 27 months and 5 mm at 46 months). 

As previously mentioned, we divided our data points into direct and indirect 

measurements based on whether the exact original size was reported. In the latter group, where 

we had to assume initial measurements, we created several models with different dimensions: 

0 mm, 0.33 mm, 0.66 mm, and 1 mm. When comparing our results, we found that adopting 0 

mm as the original size for indirectly measured cholesteatomas, the variance of growth rates in 

this group was higher, and a significant difference between directly and indirectly measured 

growth rates was detected. When running the analysis with larger diameters, variance and the 

difference in growth rate diminished, and although a small difference remained, it was not 

clinically significant. Based on these results, one could speculate that most intraoperative 

residuals in this cohort may have been closer to 1 mm in size. 

Having no definite starting sizes undoubtedly renders indirectly measured data points less 

reliable. However, since the method of indirect measurements being acquired is much closer 

to mainstream practice than subsequent imaging of the same lesion, we still found it important 

to include them in our analysis. 

 

9.2. Strengths (including all studies) 

Both articles followed strict, renowned methodological guidelines and protocols with 

minimal, documented deviation. To our knowledge, these analyses were the first to summarize 

substantial data, in the first case to estimate the prognostic capabilities of the widely-used 

Potsic staging system, and for the second project, to create an evidence-based simulation model 

of cholesteatoma growth. 

 

9.3. Limitations (including all studies) 

Despite the above-mentioned strengths, both articles have several limitations. Most of our 

data sources were retrospective studies, which included heterogeneous cohorts and sometimes 

little data regarding previous procedures, follow-up, patient demographics, potential 
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confounders, and imaging protocols. Due to diverse reporting, we were unable to synthesize 

summarized data on hearing improvement in the first project, and in the second, we had to 

resort to using area and volume estimates, which do not fully grasp more complex 

cholesteatoma expansion patterns and thus may lead to deviations from real-world processes. 
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10. CONCLUSIONS 

Based on our findings, although the Potsic system is exceptional in theory, based on 

data currently available in the literature, its prognostic value cannot be confirmed. As for 

cholesteatoma follow-up, according to the data at hand and contrasting current clinical practice, 

in the future, a delayed follow-up imaging might be warranted for average-risk, grown-up 

cholesteatoma patients after surgery. However, both projects were based on retrospectively 

collected, heterogeneous data and thus, further large-scale prospective analyses are needed with 

rigorous follow-up and reporting to confirm these results. 
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11. IMPLICATIONS FOR PRACTICE 

Although staging systems, especially one so logically built as the Potsic staging system, 

can be excessively helpful in everyday medical practice, based on the data available in the 

literature, we could not verify whether this staging system correctly estimates cholesteatoma 

prognosis.  

 

Based on our cholesteatoma growth model, in average-risk adult patients, the ideal 

timing for imaging follow-up of residual cholesteatomas may be slightly later than current 

clinical practice would dictate, approximately 2 years postoperatively. 
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12. IMPLICATIONS FOR RESEARCH 

Cholesteatoma follow-up is a long-term commitment for physicians and patients alike. 

Further large-scale prospective studies are needed to give us definitive answers on the 

congenital cholesteatoma recidivism rate and follow-up protocols. Documenting residual 

cholesteatoma sizes and the exact time of discovery in homogenous patient groups would be 

helpful to create a more realistic model of cholesteatoma growth. 
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13. FUTURE PERSPECTIVES, IMPLEMENTATION FOR POLICYMAKERS 

In the future, more specific and sensitive imaging methods might emerge, enabling 

closer follow-up, although access might still prove challenging. To forward the field of middle 

ear surgery, it is essential for middle ear surgeons to ensure meticulous documentation and long 

follow-up periods for cholesteatoma patients. Although cholesteatoma may be slow growing, 

it can potentially result in life-threatening complications. Therefore, policymakers should make 

it an utmost priority to ensure that all patients are able to progress through the appropriate 

follow-up protocols on time while also minimizing unnecessary procedures and examinations. 
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Abstract
Purpose  To investigate the rate of residual disease in the Potsic staging system for congenital cholesteatomas.
Methods  A protocol registration was published on PROSPERO (CRD42022383932), describing residual disease as a pri-
mary outcome and hearing improvement as secondary. A systematic search was performed in four databases (PubMed, 
Embase, Cochrane Library, Web of Science) on December 14, 2022. Articles were included if cholesteatomas were staged 
according to the Potsic system and follow-up duration was documented. Risk of bias was evaluated using the Quality In 
Prognosis Studies (QUIPS) tool. In the statistical synthesis a random effects model was used. Between-study heterogeneity 
was assessed using I2.
Results  Thirteen articles were found to be eligible for systematic review and seven were included in the meta-analysis section. 
All records were retrospective cohort studies with high risk of bias. Regarding the proportions of residual disease, analysis 
using the χ2 test showed no statistically significant difference between Potsic stages after a follow-up of minimum one year 
(stage I 0.06 (confidence interval (CI) 0.01–0.33); stage II 0.20 (CI 0.09–0.38); stage III 0.06 (CI 0.00–0.61); stage IV: 0.17 
(CI 0.01–0.81)). Postoperative and preoperative hearing outcomes could not be analyzed due to varied reporting. Results on 
cholesteatoma location and mean age at staging were consistent with those previously published.
Conclusion  No statistically significant difference was found in the proportions of residual disease between Potsic stages, thus 
the staging system’s applicability for outcome prediction could not be proven based on the available data. Targeted studies 
are needed for a higher level of evidence.

Keywords  Congenital cholesteatoma · Potsic · Residual cholesteatoma

Introduction

The most widely used staging system for congenital cho-
lesteatoma is the one that was described by Potsic and col-
leagues in 2002 [1], which is based on the extension of the 
disease behind an intact tympanic membrane. A cholestea-
toma limited to a single tympanic membrane quadrant is 
referred to as stage I, while a cholesteatoma mass behind two 
or more quadrants without ossicular chain involvement or 
mastoid extension is called stage II. Stage III means that the 
ossicular chain is affected but without mastoid involvement, 
and the cholesteatoma enters the mastoid space in stage IV 
disease.

There are numerous advantages to adopting a staging sys-
tem in cholesteatoma management. Ideally, it could allow for 
more precise patient counseling about disease severity and 
the likelihood of experiencing residual cholesteatoma, help 
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comparing treatment results on a multi-institutional level, 
choose proper surgical approach, and assess the need for 
second-look surgery.

As congenital cholesteatoma is an uncommon disease, 
accounting for only 1–5% [2] of all cholesteatomas, mostly 
smaller case series were published in the literature, with 
some of them using the Potsic staging system to categorize 
patients [3]. As it was described when introduced, one of the 
dedicated goals of this staging system is outcome prediction 
[1]. However, the real prognostic value of this system in esti-
mating the occurrence of residual disease remains uncertain. 
To obtain a higher level of evidence on the usefulness of the 
Potsic staging system, a joint data analysis of these studies 
is needed. Therefore, we aimed to assess whether the Potsic 
staging system was indeed indicative of the rate of residual 
disease and whether the extent of hearing improvement was 
also connected to the stage at presentation.

Methods

The following systematic review and meta-analysis was 
based on recommendations of the PRISMA 2020 guide-
line [4] and the Cochrane Handbook [5]. The protocol of 
the study was created using a PICO framework [6], has 
been registered on PROSPERO (registration number: 
CRD42022383932) and was adhered to in every step.

Inclusion and exclusion criteria

We included patients of any age and sex, diagnosed with 
congenital cholesteatoma (with or without symptoms) based 
on the Levenson criteria [7]. These criteria are the follow-
ing: upon examination a pearly white mass can be observed 
medial to an intact tympanic membrane with a normal pars 
tensa and flaccida and no history of tympanic membrane 
perforation, no previous otologic procedures in the anam-
nesis, but previous occurrences of otitis media are allowed. 
Additional criteria for selected studies were that all patients 
were undergoing primary surgery, and afterwards followed 
up for more than 12 months, and their cholesteatoma was 
graded using the Potsic staging system. For the records 
selected for the systematic review section of our report we 
also included sources with a follow-up period shorter than 
12 months to allow for a wider scope of publications on this 
rare entity that we studied.

We included published retrospective cohort studies and 
observational studies written in English, whereas confer-
ence abstracts, guidelines, systematic reviews of literature, 
meta-analyses, animal studies, case reports, case series 
and reports predating the publication of the Potsic staging 
system were excluded. Reports that included no informa-
tion based on residual disease in each stage were likewise 

excluded, together with patients whose outcome has been 
individually reported but were lost to follow-up within one 
year of surgery.

Information sources and search strategy

A systematic search was performed on December 14, 2022, 
in PubMed, Embase, Web of Science, and Cochrane Library 
using the following search key, without applying filters:

(“Potsic” and stag* or system or classification or congeni-
tal or pediatric) AND cholesteatoma.

Reference lists of all identified studies found eligible dur-
ing text selection were reviewed for additional reports using 
CitationChaser [8].

Selection process

After automatic and manual removal of duplicates using a 
citation manager program (EndNote 20, Clarivate Analytics, 
Philadelphia, PA, USA), title, abstract and full-text selec-
tion was performed by two independent review authors (BK 
and KSH) using the management program Rayyan [9]. After 
each selection step disagreements were resolved by a third 
reviewer (TH) and inter-rater reliability was measured with 
Cohen’s kappa calculation [10].

Data collection process

The aforementioned authors (BK and KSH) independently 
completed the data extraction using a predesigned Excel 
(Microsoft Corporation, Redmond, Washington, United 
States) datasheet. The following data were extracted from 
each eligible article if available: name of the first author, 
year of publication, basic demographic characteristics (pro-
portion of females, age, number of patients), number of 
patients assigned to each stage, the number of residual cases 
in these stages, surgery technique, length of follow-up period 
mean, median, standard deviation and range measured in 
months, hearing outcomes, type and location of the chole-
steatoma, exclusion and inclusion criteria. Disagreements 
on data extraction were resolved by discussion between the 
authors.

Data items

Our main outcome was the proportion of residual disease 
(defined as keratinizing squamous epithelium left behind 
in the tympanic or mastoid cavity serving as a focal point 
for new cholesteatoma growth) [11] in each Potsic stage. 
Secondary outcomes were preoperative cholesteatoma 
location behind the quadrants of the tympanic membrane, 
improvement in hearing measured by preoperative and post-
operative pure tone average or air bone gap, and mean age 
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at diagnosis. Studies were ineligible if these outcomes were 
either not measured or measured but not reported.

Study risk of bias assessment

The two authors (KBK and KSH) performed the risk of bias 
assessment and visualized the results independently using 
the QUIPS tool [12]. Disagreements arising in the process 
were resolved through discussion.

Effect measures and synthesis methods

To calculate the proportions, in each Potsic stage we used 
the total number of patients and those with residual diseases 
to measure effect size. We then used a random intercept 
meta-logistic regression model to pool proportions where 
the stage was a moderator variable [13]. Knapp–Hartung 
adjustments [14] were applied to the parameter estimates to 
control for the uncertainty in between-study heterogeneity. 
We used the maximum likelihood method to estimate the 
random effect heterogeneity (τ2). For the different stages 
where we assumed that subgroups had different τ2 values 
as we anticipated differences in the between-study heteroge-
neity in the subgroups. We assessed the difference between 

the subgroups with the Cochrane Q test [13]. I2 was used to 
assess the between-study heterogeneity following the recom-
mendations of Harrer et al. [13].

Reporting bias assessment

Funnel plots were applied to report and visualize publica-
tion bias.

Certainty assessment

Level of evidence was ranked using the Oxford Centre of 
Evidence Based Medicine (OCEBM) 2011 Levels of Evi-
dence table [15], assisted by the OCEBM Background docu-
ment [16].

Results

Study selection

Our selection process is detailed in a PRISMA flowchart 
pictured in Fig. 1. Inter-rater reliability according to Cohen’s 
kappa was 0.94 for title and abstract selection, and 1.00 for 
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Fig. 1   PRISMA flowchart of the selection process, which started with 6,616 articles and included 13 articles included in the review and 7 
included in the meta-analysis section
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full-text selection. We have found 13 publications [17–29] 
that satisfied our criteria, others were excluded because they 
used no staging system or one different from the one pro-
posed by Potsic et al. [1]. Reference lists of included full 
texts yielded no further eligible reports.

Results and characteristics of individual studies

In our systematic review, all the included studies (their char-
acteristics are listed in Table 1) were retrospective cohort 
studies, based on reviewing charts of patients previously 
treated for congenital cholesteatoma, diagnosed according 
to the criteria proposed by Levenson et al. [7].

Due to the low incidence rate of congenital cholestea-
toma, only one publication [21] included more than 100 
patients. The total number of patients included in our review 
was 633, of whom 216 were female, their ages spanning 
between six months and 37 years.

A wide range of outcomes was documented apart from 
our primary and secondary outcomes, such as the incidence 
of postoperative complications, morphological findings, and 
the rate of open- and closed-type cholesteatoma.

Risk of bias in studies (Supplementary material, 
Table 1)

As a result of assessing the risk of bias, all key articles 
proved to have high risk of bias according to the QUIPS 
tool [12]. Reasons were insufficient reporting on patients lost 
to follow-up, not establishing how patients were staged and 
whether this was done in a standardized way, and failing to 
define or measure potential confounders.

Results of syntheses

The primary synthesis described in our protocol assessed 
whether Potsic stage at presentation was predictive of resid-
ual disease. The secondary outcome was hearing improve-
ment and additional, not prespecified outcomes were chole-
steatoma location and mean age at diagnosis.

Results of statistical synthesis

The forest plot in Fig. 2, which details the results of our 
meta-analysis, shows the proportion of residual disease in 
each stage, based on data from 259 patients with a total of 
33 residual cases, divided into four stages. Seven reports 
[17, 18, 20, 22–24, 28] were included in this analysis, where 
follow-up time of all patients or single patients whose indi-
vidual data was published within the report exceeded 12 
months after surgery.

Results of the statistical analysis showed wide confi-
dence intervals (CI) (CI 0.01–0.33 in stage I; CI 0.09–0.38 

in stage II; CI 0.00–0.61 in stage III; CI 0.01–0.81 in stage 
IV) and high p values (1.00 in stage I; 0.99 in stage II; 
1.00 in stage III and 0.28 in stage IV) with I2 values (0% 
in stage I–III and 22% in stage IV, overall 0%), suggesting 
that exact heterogeneity was hard to assess. The intergroup 
difference was tested with χ2

3 test (χ2
3 = 3.17 p = 0.37). 

Thus, differences in the proportions of patients with resid-
ual disease in each stage were not shown to be statistically 
significant.

Results of qualitative analyses

Location of cholesteatoma

Location of cholesteatoma was detailed in ten reports [20, 
22–26, 28, 29]. Figure 3 shows our graph summarizing the 
occurrences of cholesteatoma behind each quadrant of the 
tympanic membrane, in the attic, and in the mastoid space. 
In cases where two or more locations were specified, rather 
than pairing them in separate groups, both were added to 
their significant cluster.

As a result, we have found that the anterosuperior quad-
rant was the most common site for cholesteatomas (214 of 
563 affected quadrants), followed by the posterosuperior 
quadrant (163). Less common locations are the posteroinfe-
rior quadrant (45), anterior quadrants [20, 25] (not specified) 
(35), posterior quadrants (not specified) (29), anteroinferior 
quadrant (29), atticus or epitympanic space [18] (15), mas-
toid cavity (9), superior quadrants (not specified) (2) and 
central quadrant [20] (not specified) (1). In 22 cases, multi-
ple [17, 23, 26, 29] (not specified) quadrants were reported.

Hearing improvement

As shown in Table 2, hearing results were reported in nine 
studies [17–25, 27–29]. All of them used a slightly different 
approach to assessing hearing improvement, and none of 
them followed the guidelines of the Committee on Hearing 
and Equilibrium [30]. Although analyzing hearing improve-
ment was registered as our secondary outcome, we were 
unable to pool the published results.

One study [29] showed a decreased rate of hearing 
improvement in more advanced stages. Similarly, in two 
other reports [18, 27], a significant relationship was shown 
between stage and postoperative pure tone average (PTA). 
Although no quantitative analysis was performed, results of 
a third publication [19] also show that pre- and post-opera-
tive hearing results were worse among stage III patients. The 
remaining two publications either found no significant post-
operative hearing improvement [25] or showed no deteriora-
tion based on the results available for seven patients [20, 22].
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Mean age at staging

Eight studies [17, 19, 20, 22–24, 26, 29] out of our 13 key 
articles had information on age at diagnosis or surgery. In 
three reports [19, 22, 23], age had been specified as age 
at first surgery. Five articles [17, 20, 22–24] had individ-
ual patient data, and three [19, 26, 29] had staged means 
available.

To be able to calculate an approximate mean from these 
three articles, we have summarized (Fig. 4) the ages of 
patients by multiplying the mean age by the number of 
patients in each stage. Thus, the approximate mean age at 
staging came to be 3.5 years for stage I, 4.3 years for stage 
II, 7.5 years for stage III, and 9.4 years for stage IV based 
on data from 129, 53, 90, and 35 patients, respectively. The 
data exhibits a trend of increasing patient age as the disease 
becomes more extensive.

Analysis of publication bias

Publication bias was visualized with contour enhanced fun-
nel plots, presented in Fig. 1 of the Supplementary mate-
rial. No statistical testing was conducted (as less than 10 

studies were included) per the recommendations of Harrer 
et al. [13].

Certainty analysis

The overall level of certainty could not be assessed accord-
ing to OCEBM 2011[15] because this tool is not suitable for 
retrospective cohort studies, which was study design used 
exclusively in our key articles.

Discussion

To summarize our results, in our meta-analysis of seven 
reports [17, 18, 20, 22–24, 28] involving 259 patients, we 
were unable to detect a statistically significant difference in 
the proportion of residual disease between the four Potsic 
stages, based on data from patients who were followed for 
at least 12 months after cholesteatoma removal. Hearing 
improvement could not be assessed due to varied report-
ing. Cholesteatomas were most frequently discovered behind 
the anterosuperior quadrant of the tympanic membrane, and 
there was a distinct trend of more advanced disease in older 

Fig. 2   Forest plot showing the proportion of residual disease from the total number of patients after 1 year in four stages of the Potsic staging 
system for congenital cholesteatoma
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patients. Both outcomes were consistent with already exist-
ing results in the literature.

In their landmark study [1], Potsic and colleagues 
described some important criteria that an ideal staging 
system should meet: the categories should be simple and 
unambiguous with commensurable patient cohort sizes in 
each stage, and the staging system should also have good 
predictive value. From the perspective of our patients, the 
most important of these aspects is outcome prediction. The 
popularity of this staging system indicates that most of these 
expectations seem to be met. Although low incidence of 
this disease means that studies have usually included less 
than 100 patients, credible confirmation of the stage-based 
prediction needs much larger sample sizes.

This led us to perform a meta-analysis, collecting all the 
studies where the reported outcome was connected to the 
Potsic stage. Additional desired outcomes were to determine 
an ideal length of follow-up and assess the need for staged 
surgery and reexploration in early-stage disease. The clini-
cal implication for a reliable staging system is to minimize 
time spent in the hospital for young children and reduce the 
number of operations performed on their ears by choosing 
the proper operation technique as a first procedure, thus opti-
mizing surgical outcomes.

We have found no previous meta-analyses investigating 
the association between the rate of residual disease and 

Potsic stage, but several of our key articles [18, 19, 27] 
have found an association between advanced-stage chole-
steatoma and an increased likelihood of residual disease. 
One article [26] found no association between stage and 
residual disease, and another [20] reported that the staging 
system does not reflect the differences between anteriorly 
and posteriorly located cholesteatoma.

Several patients from those included in our key arti-
cles [23, 24, 28] presented with residual disease after one 
year, which suggests that a follow-up period longer than 12 
months would be desirable. However, in most articles that 
we found during our search process, some patients were 
lost to follow-up much sooner. In this analysis we had no 
choice but to exclude them to provide an optimal level of 
evidence, which could have been further enhanced, if more 
data on these patients had been available.

For our secondary outcome of hearing improvement, 
we planned to conduct a subgroup analysis to compare the 
stages. Although a guideline has already been published 
for reporting audiology test results [30], the nine articles 
[18–20, 22, 24–27, 29] in our analysis that did report on 
audiological results of all or some studies used different 
measurements (different frequency thresholds, ABG or 
PTA based on air conduction, bone conduction or both), 
which rendered their results unpoolable.

Fig. 3   Bar chart depicting the quadrants of the tympanic membrane cholesteatomas are most commonly visible through in each stage as docu-
mented in the key articles 20, 22–26, 28, 29
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Location of cholesteatoma has been most frequently 
reported [17, 31–33] to be seen behind the anterosuperior 
quadrant, however Inokuchi et al. [18] found that patients 
in East Asia more frequently present with more extensive 
cholesteatomas involving multiple subregions compared to 
patients included in other analyses. Our report also found 
this quadrant to be the one most often affected.

Increase of cholesteatoma size had previously been 
linked to older age [34], indicating the expansive nature 
of cholesteatoma. In our analysis, we have also found a 
connection between advanced disease and older age.

We must highlight that all the included studies had a 
high risk of bias. As there are no dedicated tools available 
for reports on staging systems, we have decided to use 
QUIPS [12] to assess risk of bias, because this tool fit our 
study design best. However, there were several criteria of 
QUIPS that the included studies typically failed to meet. In 
these domains lack of data and deficient reporting resulted 
in a high risk of bias. Two domains (domain 2 and 4) of 
the QUIPS tool focuses on whether the reason for patients 
dropping out of follow-up was listed (together with 
attempts to collect information from them) and whether 
the exact duration of follow-up was described in the arti-
cle. Domain 4 states that a clear definition should be given 
for the outcomes (in our case incidence of residual disease 
and extent of hearing improvement), and these are ought to 
be measured in the same way for all patients. In domain 5, 
possible confounding factors are an important point, such 
as different surgical techniques, which have been previ-
ously shown to potentially influence the likelihood of cho-
lesteatoma recidivism [35]. In the future, including such 
data in reports is essential to generate high-level evidence.

Strengths and limitations

Our analysis is the first comprehensive project to summarize 
the results of congenital cholesteatoma surgery after con-
siderable follow-up (minimum 1 year) and to process them 
according to the most widely used staging system for this 
disease. It is also the first to examine the effectiveness of the 
staging system in predicting outcome, which, according to 
its authors is a vital feature of a good staging system. During 
our analysis, we have applied rigorous methodology and fol-
lowed international guidelines for summarizing previously 
published data.

Limitations include the retrospective nature of the key 
articles, which led to heterogeneous surgical techniques, 
varied measurement of hearing outcomes, and inadequate 
data on follow-up and attrition. The rarity of congenital cho-
lesteatoma resulted in small patient cohorts and few reports. 
Other limitations are pooled data in articles (e.g., for mean 
age at staging we can only calculate estimates) and diverse 
duration of follow-up periods, which prevented us from 
including hazard ratios into out forest plot and calculating 
the exact desirable follow-up duration, wherein residual dis-
ease can reasonably be expected.

Implication for practice and research

Should more individual data documenting longer follow-up 
periods become available, it would be even more informative 
to calculate hazard ratios for each stage. However, at this 
time, based on the currently available data in the published 
literature this was not possible. In the future, more cases 
with carefully documented, long spanning individual follow-
up data (especially in reports with small case numbers) are 
needed for a proper assessment. Durations of follow-up and 
the reason for losing patients in the process should also be 
documented.

In a clinical setting, second-look surgery should not be 
omitted purely based on stage; however, since the stag-
ing system’s abilities seem more promising for other out-
comes, it is still preferable to stage cholesteatomas using 
this system.

Conclusion

In our systematic review and meta-analysis, we found that 
although the staging system published by Potsic et al. theo-
retically meets the authors’ first three criteria for a good 
staging system, based on data published so far, we cannot 
confirm its prognostic value. Therefore, prospective, well-
designed studies are necessary with rigorously documented 
follow-up to determine this staging system’s true ability to 
predict occurrence of residual disease.

Fig. 4   Mean age (years) at staging for patients diagnosed with con-
genital cholesteatoma in our key articles
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Abstract
Purpose  To create a model of residual cholesteatoma growth rate that can be used to estimate optimal timing of follow-up 
imaging.
Methods  Following the recommendations of the PRISMA-IPD guideline and after registering our study protocol on PROS-
PERO (CRD42023465320), a systematic search was completed in September 2023 and updated in July 2024, conducted 
in PubMed, Web of Science, Embase, and Cochrane Library. Reference lists of the resulting articles were also searched for 
potential inclusions. Our search yielded 11,274 articles. Studies with patients of any age and sex diagnosed with residual 
cholesteatoma were included if data on cholesteatoma size at follow-up were available, collected from imaging results 
or through second-stage surgery. For statistical analysis, a Monte Carlo simulation approach was applied, and a baseline 
random-intercept mixed-effects model was fitted.
Results  We included 11 articles reporting individual data from 163 patients. All but one of these articles proved to be high 
risk of bias. Our simulation models suggest that 95% of cholesteatomas reach or grow past the size of 3 millimetres (thresh-
old for imaging) after 28–35 months and 95% of reach or grow past the size of 5 millimetres (threshold for intraoperative 
identification) after 47–58 months.
Conclusion  Analyzing previously published data suggests that residual cholesteatoma may only be radiologically detectable 
on non-EPI DWI MRI after 28–35 months postoperatively in 95% of patients, indicating delayed follow-up for average risk 
patients compared to current clinical practice. However, this simulation model, based on retrospective data, aims to uncover 
growth patterns rather than posing as a new guideline.
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Introduction

Although many advances were made in cholesteatoma sur-
gery, the risk of residual disease may still be as high as 40% 
[1–4]. Thus, follow-up after surgery is indispensable. The 
traditional way of monitoring residual disease used to be 
second-look surgery performed 1 year after the first proce-
dure [5, 6] even in cases without apparent signs of choleste-
atoma during otomicroscopic examination. The emergence 
of non-echoplanar diffusion weighted magnetic resonance 
imaging (non-EPI DWI MRI) techniques has changed the 
obvious need for surgical surveillance, as this imaging 
modality shows high sensitivity and specificity for choles-
teatoma [7, 8]. It has been proven to be more cost-effective 
compared to the planned second-look surgery [9], however, 
there is still no established guideline for the optimal timing 
of radiological examinations [10].

There are different aspects that should be considered 
when timing the follow-up targeted imaging or the second-
stage surgery. If follow-up imaging is performed too early, 
residual cholesteatoma might go unnoticed due to its small 
size [11, 12]. If imaging is delayed, residual disease holds 
the risk of complications or may grow to an extensive size 
requiring a more radical approach for removal, which may 
negatively affect postoperative quality of life [13]. Know-
ing the growth rate of residual cholesteatoma could help 
determine the ideal time point to detect cholesteatomas in 
most patients without risking the development of extensive 
disease in the meantime.

In this meta-analysis of individual participant data, we 
aimed to summarize all measurements available in the lit-
erature on residual cholesteatoma growth and to create a 
simulation model to estimate the optimal time for follow-up 
[14].

Methods

This growth and residual cholesteatoma detectability 
model with systematic review was based on the recom-
mendations of the Preferred Reporting Items for System-
atic Review and Meta-Analyses of Individual Participant 
Data (PRISMA-IPD) guideline [15] and the Cochrane 
Handbook [16]. The study protocol has been registered on 
PROSPERO (CRD42023465320) and was fully adhered 
to except for one adjustment with the exclusion criteria, 
as our search yielded only one eligible article containing 
congenital cholesteatoma growth data. As their different 
etiopathogenesis may also be associated with disparate 
growth dynamics from acquired cholesteatomas, we ulti-
mately decided to exclude congenital cholesteatomas from 
our study.

Inclusion and exclusion criteria

Patients of any age and sex diagnosed with cholestea-
toma were included, if data on cholesteatoma growth were 
available, collected from imaging results or through direct 
visualization in the operating room. Although our primary 
goal was to include both acquired and congenital choles-
teatoma, the latter was excluded after the selection process 
for the reasons indicated above. Published prospective or 
retrospective cohort studies and observational studies writ-
ten in English were included, whereas reviews, conference 
abstracts, case reports, guidelines and animal studies were 
excluded. We also excluded studies where residual choleste-
atoma was detected within one month after surgery, because 
the calculation of growth rate would be extremely distorted 
with such a short follow-up time. (Fig. 1.)

Information sources and search strategy

The first systematic search was conducted on September 20, 
2023, and updated on July 12, 2024 (during the data selec-
tion process, we became aware of new studies that were 
published containing data that might be useful for our anal-
ysis) in PubMed, Web of Science, Embase, and Cochrane 
Library using the search key below, with no filters:

Cholesteatoma AND (growth or follow* or follow-up or 
recurrence or MRI).

References included in the eligible studies were also 
scanned using CitationChaser [17]. Corresponding authors 
of further records that did not contain individual participant 
data on cholesteatoma size or time interval between surgery 
and scan were contacted via email. (Fig. 1)

Selection process

We used a citation manager program (EndNote 20, Clarivate 
Analytics, Philadelphia, PA, USA) for automatic and man-
ual duplicate removal, then title, abstract and, full text selec-
tion was performed by two reviewers (BK and JK) working 
independently, using Rayyan [18]. After each selection step, 
disagreements were resolved by a third reviewer and inter-
rater reliability was assessed using Cohen’s kappa [19].

Data collection process

Data from the eligible articles (name of the first author, year 
of publication, basic demographic characteristics (percent-
age of females, age, number of patients), age at surgery, 
cholesteatoma type, (if recurrent, time since last surgery), 
method of size measurement or imaging modality, size, if 
surgery technique available and location of cholesteatoma) 
was entered into a predefined Excel worksheet (Microsoft 
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Corporation, Redmond, Washington, United States). Authors 
of articles that contained aggregate data on cholesteatoma 
growth were contacted, and if individual participant data 
were still available, we asked for anonymized data includ-
ing patient age, sex, type of surgery, time elapsed between 
surgery and imaging, as well as cholesteatoma size. Through 
datasharing requests, we received combined, anonymized 
individual participant data (IPD) (time between surgery and 
imaging, cholesteatoma size) for 52 cholesteatomas from 
3 articles [11, 20, 21] by the same working group at the 
Department of Paediatric Otolaryngology, Université Paris 
Cité. (Table 1.) Radiological and non-radiological methods 
of measurements were summarized in Online Resource 2 
and Online Resource 3.

Data items

Our main outcome was cholesteatoma growth rate. To calcu-
late the growth rate, we included two types of studies. The 
first comprised purely non-EPI DWI MRI-based reports in 
which exact size measurements were available for the same 
residual cholesteatoma at two different time points. Patients 
in this group were followed, but not operated for different 
reasons, such as pregnancy or the SARS-CoV-2 pandemic. 
We termed these datapoints “direct measurements”. The sec-
ond type of measurements was included in studies where, 
after a primary surgery, only one set of size data was available 

from follow-up MRI imaging or second stage. In these cases, 
we assumed that the initial size of the residual mass during 
primary surgery was below the visually detectable range; we 
estimated it to be zero to one millimeters in these cases, but 
the true size of the residuals remains unknown. These were 
named “indirect measurements”.(Fig. 2) In order to validate 
the joint calculation of the growth rate based on the direct 
and indirect measurements, we statistically compared the 
two approaches and performed further analyses to determine 
whether patient sex, age, and the type of surgery significantly 
influenced growth rate. We chose 3 mm and 5 mm thresholds 
to estimate the earliest time of high sensitivity and specificity 
imaging, and feasible intraoperative identification.

Study risk of bias assessment

The two data reviewers assessed the risk of bias using the JBI 
critical Appraisal for Case Series [22] and have visualized 
the results using the Risk-of-bias VISualization web applica-
tion [23]. Disagreements were resolved through discussion.

Level of evidence

Level of evidence was ranked using the OCEBM 2011 Lev-
els of Evidence Table [24] assisted by the OCEBM Back-
ground document [25].

Fig. 1  PRSMA-IPD flowchart of study selection process. IPD: individual participant data, No: number
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Statistical methods

Individual participant data were obtained from retrospective 
and prospective studies reporting cholesteatoma size at one 
or more time points. Two forms of measurements were avail-
able: direct measurements, where lesion size was recorded 
at two separate clinical encounters, and indirect measure-
ments, where only follow-up size was documented. In the 
latter case, the clinically established assumption that choles-
teatomas originate from a radiologically inapparent state of 
0 mm, 0.33 mm, 0.66 mm, and 1 mm was applied to estimate 

growth over the observed interval, consistent with prior 
descriptions of early lesion morphology and radiological 
detectability [26–28]. Because the two measurement types 
represent different forms of information and may introduce 
systematic differences, measurement type (direct vs. indirect) 
was included as a fixed effect in all models, and an additional 
sensitivity analysis restricted to directly measured cases was 
performed to assess robustness, acknowledging the substan-
tially reduced sample size. A separate simulation was also 
run based exclusively on radiological measurements, based 
on the results of the risk of bias analysis.

Table 1  Study characteristics. OCEBM: Oxford Centre for Evidence Based Medicine, F: female, CWU BOT: canal wall up with bony obliteration 
technique,non-EPI DWI MRI: non-echoplanar diffusion-weighted magnetic resonance imaging, mo: month, mm2: square millimeters, * = from 
these studies we havereceived combined, anonymized growth data for 52 cases (52 datapoints, all indirect)
First author, year of 
publication (Country)

Study method 
(OCEBM rate of 
evidence)

No. of cases (female %, 
age, data on previous 
operations)

No. of cases with 
growth data (no. 
of datapoints, 
indirect/direct)

Measurement 
method

Follow-up 
length

Mean growth 
rate

Baoudouin et al., 
2023 (France) [20]

Retrospective 
study (4)

140 (NA, 9.2 ± 3.7 years, 
various techniques)

* Non-EPI DWI 
MRI

3.2 ± 2.2 years Not calculated

Daoudi et al., 2023 
(France) [11]

Retrospective 
study (4)

224 (30% F, 2–18 years) * Non-EPI DWI 
MRI

27 ± 24 
months

Not calculated

Delrue et al., 2019 
(Belgium) [43]

Retrospective 
clinical record 
study (4)

48 (50% F, 14–84 
years, post subtotal 
petrosectomy)

10 (10, 10/0) EPI and non-
EPI DW MRI, 
long and short 
axis diam-
eter in coronal 
view

0.5–13 years 
(mean 3.9)

0.54 mm2 /
month

De Foer et al., 2008 
(Netherlands) [44]

Prospective and 
blinded study (3)

32 (31% F, 7–71 
years, post CWU 
mastoidectomy)

2 (2, 2/0) Intraoperative 
indings

11.2–40.3 
months (mean 
25.2)

Not calculated

Gristwood et al., 
1976 (Australia) [45]

Prospective cohort 
study (3)

141 (50% F, 6–83 years, 
various techniques)

23 (29, 24/5) Intraoperative 
indings

At most 6 
years

epitymanic: 
doubles diam-
eter every 10 
mo, mastoid: 
doubles diam-
eter every 25 mo

Hellingman et al., 
2019 (The Nether-
lands) [46]

Retrospective case 
series (4)

10 (70%F, 12–72 
years, post subtotal 
petrosectomy)

10 (62, 13/49) MRI (not 
specified)

8-186 months 
(mean 59)

25.6mm3/month

Lecler et al., 2015 
(France) [47]

Prospective mono-
centric consecu-
tive study (3)

22 (9%F, 4–18 years) 7 (10, 10/0) Non-EPI DWI 
and contrast 
enhanced MRI

At least 12 
months

Not calculated

Pai et al., 2019 
(United Kingdom) 
[48]

Retrospective case 
review (4)

12 (NA, 4–66 years, vari-
ous techniques)

34 (34, 34/0) Non-EPI DWI 
MRI

3.0–42.8 
(Mean 8.1 
years, median 
6.1)

4 mm/year 
(median 2, range 
0–18)

Simon et al., 2024 
(France) [21]

Retrospective 
observational 
study (4)

223 (30%, 8.4 ± 4.3 years, 
various techniques)

* Non-EPI DWI 
MRI

95 
months ± 26.2 
(range 
60–186)

Not calculated

Smith et al., 2020 
(United Kingdom) 
[49]

Retrospective lon-
gitudinal study

17 (41%F, 10–72 years) 17 (38, 17/21) Non-EPI DWI 
MRI

33 months 
(range 6–91)

0,6 mm/year 
(-0,2–19.9 mm 
/ year)

van der Toom et al., 
2022 (Belgium ) [6]

Retrospective case 
review

271 (39% F, post CWU 
BOT with mastoid 
obliteration)

8 (11, 8/3) Non-EPI DWI 
MRI

60 months 
(IQR 56–62)

1,8 mm/8 
months
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Lesion size measurements were extracted in three for-
mats: two-dimensional values, from which the larger 
dimension was used as the effective diameter; area mea-
surements, from which the diameter of an equivalent circle 
was derived; and volume measurements, from which the 
diameter of an equivalent sphere was computed, following 
established morphometric principles [28]. Monthly growth 
rates were calculated by dividing the change in diameter 
by the elapsed time in months. Because growth rates are 
strictly positive and typically right-skewed, the values were 
log-transformed to stabilize variance and improve normal-
ity, in line with standard recommendations for modeling 
log-normal biological processes [29, 30]. Exponentiated 
fixed-effect coefficients from the resulting models there-
fore represent multiplicative changes in the geometric mean 
monthly growth rate.

Linear mixed-effects models were fitted using restricted 
maximum likelihood estimation, with patient-specific ran-
dom intercepts nested within studies to account for both 
within- and between-study heterogeneity [31–33]. Model 
fitting relied on the lme4 package, which implements 
well-established numerical approaches for estimating hier-
archical models [34]. Covariates included sex, age at sur-
gery, measurement type, and surgical technique, modelled 
separately when dictated by differences in variable avail-
ability. Confidence intervals for fixed-effect estimates 
were obtained using profile likelihood, a recommended 
approach for mixed models [34, 35]. Model assumptions 

were evaluated through inspection of residual distributions 
and fitted–residual relationships, and model fit was sum-
marised using marginal and conditional R² values computed 
according to the method of Nakagawa and Schielzeth [36], 
as implemented in the MuMIn package [37].

To estimate the time required for cholesteatomas to reach 
clinically relevant sizes, a Monte Carlo simulation study 
was conducted. An intercept-only mixed-effects model was 
fitted to the log-transformed growth rates to characterise 
the underlying distribution of lesion expansion. The fixed-
effect estimate, its standard error, and the residual variance 
were used to define a log-normal data-generating process, 
drawing on established principles of parametric bootstrap-
ping and Monte Carlo simulation [38–40]. For each target 
diameter (3 mm and 5 mm), 10,000 independent Monte 
Carlo draws were generated by sampling log-growth rates 
from a normal distribution centred on the fixed-effect esti-
mate with variance equal to the sum of its squared standard 
error and the residual variance. These simulated values were 
exponentiated and converted into expected times to reach 
the specified diameter through deterministic transformation. 
This procedure yields a distribution of plausible growth tra-
jectories rather than replicating a specific study design, and 
the resulting distributions were summarised using empirical 
quantiles and density-based visualisations.

All analyses were conducted in R (version 4.4.2; R Core 
Team 2024) using the lme4 [34], lmerTest [41], and sjPlot 
[42] packages.

Fig. 2  Demonstrating the distinc-
tion between indirect and direct 
growth data. For direct growth 
data, we have an exact measure-
ment of the initial size, whereas 
for indirect datapoints we can 
make assumptions. MC: mastoid 
cavity, TC: tympanic cavity, Ch: 
cholesteatoma
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Results

A total of 11 articles were included, encompassing 1272 
patients with growth data available for 163 of them [6, 11, 
20, 21, 43–49]. During all study selection steps, Cohen’s 
kappa was higher than 0,9. 62 (38%) were male, 32 (19,6%) 
female, and data on sex were not provided for 69 (42,3%) 
of them. Mean age was 28,3 years (range: 4–72 years). In 
total, 248 data points were collected from 170 indirect and 
78 direct measurements. (Table 1.)

Biological predictors of growth

The model, including sex and age at surgery, showed that 
growth rate was slightly higher in males compared to 
females, with an estimated 19% increase in monthly diam-
eter growth (95% CI: 0% to 42%, p = 0.054). Age at surgery 
was not a statistically significant predictor of growth rate 
(1% decrease per year; 95% CI: -3% to + 1%, p = 0.18). The 
marginal R² was 0.017, and the conditional R² was 0.31, 

indicating that most of the variability was explained by ran-
dom effects. Further analysis of age at diagnosis of residual 
disease was not possible due to a lack of data. (Fig. 3)

Growth type

In a separate model evaluating growth type, directly mea-
sured growth was associated with a significant, 25% lower 
growth rate compared to indirect measurements (95% CI: 
6% to 47%, p = 0.01). This model had a marginal R² of 0.029 
and a conditional R² of 0.28. (Fig. 3) When changing the 
starting point of indirectly measured growth to 1 mm, there 
was no significant difference between the two methods (95% 
CI: 6% to 47%, p = 0.191). This model had a marginal R² of 
0.035 and a conditional R² of 0.59. (Fig. 4). Simulations with 
the initial size of indirect cholesteatomas set to 0.33 mm and 
0.66 mm were also carried out (Online Resource Figs. 2, 3, 
4 and 5.), and also with excluding non-radiologically mea-
sured datapoints (Online Resource Fig. 6–7.).

Fig. 3  Summarization of observed relationships with the initial size 
of indirect cholesteatomas set to 0 mm: top row includes sex, growth 
type, and age; bottom row shows effects of surgical type. mm: mil-

limetre, M: male, F: female, CWU: canal wall up, CWU + BOT: canal 
wall up with bony obliteration
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Surgical technique

Patients who underwent canal-wall-up surgery with bony 
obliteration technique (CWU + BOT) had a nonsignificant, 
20% higher growth rate compared to CWU alone (95% CI: 
-7% to + 54%, p = 0.14). Patients with subtotal petrosectomy 
(STP) had a significantly, 36% higher growth rate compared 
to CWU (95% CI: 6% to 75%, p = 0.01). Marginal R² was 
0.031, and conditional R² was 0.29. (Fig. 3)

Simulation study

Using the baseline model with indirectly measured cho-
lesteatomas presumed to be 0 mm as a starting point, we 
generated simulated growth durations to estimate the time 
required for cholesteatomas to reach radiological and clini-
cal thresholds (3 mm and 5 mm). For a 3-mm target, 95% 
of simulated cases reached this size within 28 months. For 
a 5-mm target, 95% reached this size within 47 months. 
(Fig. 5) With a starting size of 1 mm for indirectly measured 
cholesteatomas, the time passed until the earliest radiological 

detection (3 mm) increases to 35, and to 58 months for sur-
gical detection (5 mm). (Fig. 6) When excluding non-radio-
logical measurements from direct cases, a 3 mm threshold 
was found at 27 months and 5 mm at 46 months for 95% of 
patients (Online Resource Fig. 6–7).

Risk of bias assessment

As a result of the risk of bias analysis using the JBI tool for 
case series, all but one of our selected articles proved to be 
high risk of bias, most often due to heterogeneity of mea-
surement protocols and lack of data on disease demograph-
ics. (Online Resource 1.)

Discussion

In this review article, we introduce a growth simulation and 
residual disease detectability model based on cholesteatoma 
sizes measured during imaging or second-look procedures. 
These results may support future recommendations for the 

Fig. 4  Summarization of observed relationships with the initial size 
of indirect cholesteatomas set to 1 mm: top row includes sex, growth 
type, and age; bottom row shows effects of surgical type. mm: mil-

limetre, M: male, F: female, CWU: canal wall up, CWU + BOT: canal 
wall up with bony obliteration
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Fig. 6  Ridge density plot of simulated time (months) required to reach 
3 mm and 5 mm cholesteatoma growth targets, with the initial size of 
indirect cholesteatomas set to 1 mm. The figure shows the distribution 

of the likelihood of cholesteatomas to reach a size of 3 or 5 millimetres 
by a specific timepoint. Dashed red lines indicate 95th percentiles for 
each target

 

Fig. 5  Ridge density plot of 
simulated time (months) required 
to reach 3 mm and 5 mm 
cholesteatoma growth targets, 
with the initial size of indirect 
cholesteatomas set to 0 mm. The 
figure shows the distribution of 
the likelihood of cholesteatomas 
reaching a size of 3 or 5 mil-
limetres by a specific timepoint. 
Dashed red lines indicate 95th 
percentiles for each target
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optimal time of follow-up MRIs, for which to our knowl-
edge no widely accepted protocol exists yet. Recent large-
scale studies regarding long-term cholesteatoma follow-up 
showed that a surprisingly high percentage of residual cases 
were only discovered several years after surgery, and prema-
turely performed follow-up imaging holds the risk of yield-
ing false negative results [6, 11, 12, 21]. Our growth model 
which was created using all the available data including pre-
vious reports seems to be in accordance with this, since we 
found that 95% of cholesteatomas measuring 3 mm in diam-
eter can be detected at 28–35 months postoperatively, while 
5 mm diameter residual disease becomes visible at 47–58 
months after the surgery in 95% of the patients. Although 
targeted MRI imaging was found to be able to detect residual 
cholesteatoma as small as 3 mm [50, 51], we also analyzed 
a 5-mm diameter as a threshold value. This size compares 
without relevant clinical consequences to 3 mm, but it fur-
ther reduces the risk of false negative examinations [52, 53], 
also considering that surgical techniques such as cartilage or 
cortical bone columella may affect specificity [54, 55]. Fol-
lowing the traditional statistical approach [56], we defined 
the detection threshold as 95% of the patients with residual 
cholesteatoma with the aforementioned sizes.

Considering the results of this model, the optimal, cost-
effective screening for residual cholesteatoma should be per-
formed no earlier than 2 years in average-risk patients after 
the first or previous surgery. In contrast to this suggestion, 
there are many cases of residual disease detected as early as 
a few months after removal [57]. Some patients have a high 
risk of developing residual disease [58, 59], and they should 
be subjected to consistent follow-up, including early MRIs. 
As more data are needed for a comprehensive risk stratifi-
cation system for recidivism, surgeons should individually 
plan follow-up for patients based on intraoperative findings. 
Another recurring argument against delayed follow-up is 
to avoid developing complications. However, it was shown 
during the SARS-CoV-2 pandemic that increased waiting 
periods for cholesteatoma surgery did not lead to higher 
rates of major complications [60].

Our model was based on two different measurement 
methods of growth found in the literature. In one group 2 
or more size measurements of the same cholesteatoma were 
performed at two or more different timepoints. By sub-
tracting the earlier measurement from the latter, we could 
calculate the exact initial size of residual growth (direct 
measurement). In the other group we had a single datapoint, 
collected from imaging results or second-look procedures 
following primary surgery, where we could only estimate 
that the size of remaining squamous tissue was close to zero, 
relying on the judgement of the surgeon (indirect measure-
ment). To lessen the biasing effect of our presumtion that 
indirectly measured cholesteatomas’ size was close to zero, 

we also ran the simulation with a starting size of 0.33 mm, 
0.66 mm, and 1 mm. When comparing these methods, we 
found that cholesteatomas measured indirectly seemed to 
grow faster when a starting size of 0 was assumed, and had 
a wider range of values. As the starting size was increased 
through 0.33 mm and 0.66 mm and 1 mm, the difference in 
growth speed faded without a clinically significant change 
in detectability thresholds.

Although these indirect measurements are technically 
less precise than direct radiological follow up of the same 
cholesteatoma using MRI scans, it is of paramount impor-
tance to take these results into consideration, as indirect 
growth rate may better correspond to the typical clinical 
course of cholesteatoma cases in real life, where patients 
with cholesteatoma are getting operated on, then followed 
up, and when a residual or recurrent disease is detected dur-
ing imaging, a revision surgery is performed. For us, the 
effect of different starting points in indirect growth sizes 
indicates that presuming an intraoperative residual choles-
teatoma size closer to 1 mm might be more realistic.

Most cholesteatomas in this analysis were measured 
radiologically, apart from 5 cases of direct measurements, 
extracted from a study conducted considerably earlier [45]. 
To account for the heterogeneity caused by this, we also ran 
an analysis excluding these cases (Online Resource Fig. 
6–7), which yielded results close to the original model (3 
mm threshold at 27 months, 5 mm threshold at 46 months).

When analyzing basic demographic features, we found a 
slightly faster growth rate in males; however, age at surgery 
was not found to be a prognostic factor for growth rate. This 
latter finding was consistent with the results of a recent large 
retrospective cohort study, in which residual disease did 
not appear earlier in children than in adults [12]. Although 
pediatric cholesteatoma is traditionally thought to be more 
aggressive, this perception is mainly based on the primary 
extension upon diagnosis, the extended bony erosion, and 
observed biochemical properties compared to adults [10, 
61, 62] rather than the speed of residual disease expansion.

We also examined whether the space in which residual 
cholesteatomas develop affects the rate of growth, which is 
closely related to the type of surgery. Theoretically, there 
may be a difference between an aerated mastoid space, a 
post-bony-obliteration mastoid bowl, and a cavity filled with 
autologous fat after subtotal petrosectomy [63]. Kemps et al. 
in a recent retrospective comparative study established that 
residual diseases were found earlier in the bony obliterated 
group compared to subtotal petrosectomy, although it was 
not indicated whether this difference was significant [64]. 
We performed a multivariate analysis comparing cholestea-
toma growth rate in patients after tympanomastoidectomy 
with and without bony obliteration of the mastoid cavity, 
and in patients who had previously undergone subtotal 
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petrosectomy. The results showed no difference between 
the groups. It should be noted that the number of cases was 
relatively low, with asymmetric distribution between the 
groups, the type of growth measurement was inhomoge-
neous, and the type of surgery was not randomized.

Several other aspects of residual cholesteatoma growth 
that would be of interest for further studies which our work-
ing group was unable to explore due to data scarcity. For 
example, it would be important to know whether there is a 
correlation between growth rate and the localization of the 
residual cholesteatoma (epitympanum, mesotympanum and 
mastoid cavity), presence of foreign material in the middle 
ear cavity such as prostheses or silicone sheets, and age at 
diagnosis of residual disease.

Strengths

To our knowledge, this is the most comprehensive synthesis 
of the available data in the literature on the growth rate of 
residual cholesteatoma based exclusively on IPD. The main 
results of our study are based on reproducible and objective 
measurements obtained with non-EPI DWI MRI, the con-
temporary imaging modality for cholesteatoma follow-up 
and a simulation model based on the pooled data to estimate 
the growth rate across a large cohort.

Limitations

Data were gathered from studies with a high risk of bias con-
ducted under varying conditions, particularly with respect 
to surgery type, modality of follow-up, its timing, and the 
method of cholesteatoma size measurement. MRI proto-
cols varied significantly, even within study populations, and 
most measurements were collected retrospectively, after 
diverse procedures. Little information was available on 
the initial extent of cholesteatomas, indications for certain 
types of procedures, and confounding factors. Cholestea-
toma growth was simulated using an idealized shape; how-
ever, due to the complex anatomy of the middle ear, actual 
growth patterns are likely to be more intricate, which may 
have led to deviations in our results.

Conclusion

Our simulation model based on individual participant data 
indicates that a 3 mm residual disease may first be radio-
logically detected 28–35 months postoperatively in 95% 
of patients, and a 5 mm residue might first be discovered 
at 47–58 months during surgery. Consequently, contrast-
ing current clinical practice, delayed follow-up imaging in 
average-risk patients might reduce the rate of false negative 

screening results and increase cost-effectiveness. Rather 
than a new guideline defining an exact growth rate, our 
model, based on retrospective and heterogeneous data, 
aims to show patterns in cholesteatoma growth. This study 
is mainly intended to support future recommendations for 
ideal timing of follow-up imaging or second-look surgeries 
based on large-scale projects with less heterogeneity, indi-
vidual participant data, and risk factor analysis for residual 
cholesteatoma growth.
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