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Abstract

Objectives: This study investigates the possible benefits and limitations of the digital

image enhancement systems provided by Storz Professional Image Enhancement

System (SPIES) during endoscopic ear surgery (EES) for cholesteatoma. An increased

detection of cholesteatoma residuals during the final steps of endoscopic surgery

using DIE technology was hypothesized.

Design: Cross-sectional study.

Setting: Tertiary referral hospital.

Methods: A total of 10 questionnaires of 18 intraoperative pictures with equal num-

bers of cholesteatoma and non-cholesteatoma images, each presented in three dif-

ferent image-enhancing modalities (Clara, Spectra A, Spectra B), were generated.

Fifty-one experienced ear surgeons participated to the survey and were randomly

assigned to a questionnaire and completed it at two time points. The experts were

asked to rate for each picture whether cholesteatoma was present or not. The

answers were compared with the histopathological reports.

Results: Clara showed the highest accuracy in cholesteatoma detection, followed by

Spectra A and lastly Spectra B. In contrast, Spectra B showed the highest sensitivity

and Clara the highest specificity, while Spectra A was placed in the middle for both

values. Using the Spectra B modality, most responses agreed across the two time

points. Ear surgeons assessed the usefulness, as well as preference among image

modalities for cholesteatoma surgery, in the following order: Clara, Spectra B,

Spectra A.

Conclusion: Digital enhancement technologies are applicable to EES. After complete

cholesteatoma removal, Spectra B showed the highest sensitivity in the detection of

cholesteatoma residuals as compared with Clara and Spectra A. Thus, Spectra B may

be recommended to avoid missing any cholesteatoma residuals during EES.
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1 | INTRODUCTION

Endoscopic ear surgery (EES) has become an internationally

recognised surgical method to treat the whole variety of middle

ear diseases. Due to its wide view and the possibility to use

angled lenses to access hidden anatomical areas of the middle ear,

it is a suitable minimal-invasive technique for the treatment of

cholesteatoma.1–6 Due to the locally invasive and destructive

behaviour of middle ear cholesteatoma, detection and radical

removal of even microscopic residuals is required to prevent

re-growth and complications.7

Despite technical advancements regarding the visual control

of the middle ear as offered by the endoscope, the complete eradi-

cation of the squamous cell matrix from the middle ear remains a

surgical challenge. Especially in diffusely infiltrating

cholesteatoma, it may be difficult to remove the cholesteatoma

“en-bloc,” and the quest for possible remnants may impact on

surgical time.

To improve endoscopic visualisation and disease detection,

digital technologies enhancing the signal visible on the screen

have been developed.8,9 As an example, narrow band imaging (NBI)

technology by Olympus uses a filter enabling narrow band light to

penetrate tissues at different depths, whereby the microvascular

pattern can be recognised.8,9 Several studies have shown a signifi-

cant added value in detection of neoplasms in the larynx and

oro-hypopharynx.10,11 Similarly, the Storz Professional Image

Enhancement System (SPIES), allows the surgeon to use several

digital modifications in addition to traditional white light (WL)

during endoscopic surgeries, to increase colour brightness and

contrast, as well as to enhance the tissue vasculature.

The use of this digital image enhancement (DIE) technology

has been also applied to endoscopic cholesteatoma surgery. So

far, in a small case series on 45 patients reported by Lucidi et al.,

an added value in cholesteatoma detection by SPIES was sup-

posed.8 Under SPIES filters, cholesteatomatous tissue was clearly

recognisable as a highly reflective and brilliant white material,

distinctive from the surrounding tissues. In 11% of cases from this

preliminary case series, cholesteatoma residuals, which had not

been identified at white-light inspection at the end of surgery,

were detected by combining Spectra A and B, with 97% sensitiv-

ity, 97% specificity, 95% positive predictive value and 95% nega-

tive predictive value.

Therefore, we aim to further investigate possible benefits

and limitations of the SPIES during EES for cholesteatoma.

We hypothesize increased detection of cholesteatoma during

the final steps of endoscopic cholesteatoma surgery using DIE

technology.

2 | MATERIALS AND METHODS

2.1 | Patients and images

A total of 12 patients undergoing endoscopic resection of middle ear

cholesteatoma were prospectively enrolled in the present study. All

patients provided informed consent and the study was approved by

the local ethical committee (Kantonale Ethikkommission Bern KEK-BE

2019-00555). At the end of the cholesteatoma removal, a final endo-

scopic check of the tympanic cavity is routinely performed to detect

any residual disease. During this check, zones with residual tissue

(consisting either of cholesteatoma or granulation tissue) in areas pre-

viously involved by cholesteatoma were photographed by the same

operating surgeon (LA), regardless of their appearance. Three DIE

modalities (as illustrated in Figure 1) were applied with light intensity

standardised to 50% for every imaging modality (PowerLED300, Karl

Storz, Tuttlingen, Germany):

• Clara, a homogeneous enhancement of the lightness, that allows to

maintain a low intensity of the light source, without modifying the

standard image. This enhancement does not change information

Key points

• Detection and radical removal of even microscopic resid-

uals of middle ear cholesteatoma is required to prevent

re-growth and complications from the disease.

• Despite technical advancements regarding the visual con-

trol of the middle ear as offered by the endoscope, the

complete eradication of the squamous cell matrix from

the middle ear remains a surgical challenge.

• Histological analysis is the gold standard to assess the

presence of cholesteatoma residuals during the final

check of the tympanic cavity. However, digital enhance-

ment technologies are applicable to endoscopic ear sur-

gery (EES) for supporting the detection of cholesteatoma

residuals at the end of surgery.

• Spectra B showed the highest sensitivity, as compared

with Clara and Spectra A, in cholesteatoma detection at

the end of the surgery, while Clara showed the greatest

specificity and was the preferred modality during all sur-

gical steps of cholesteatoma surgery, according to sur-

geons' feedback.

• Spectra B may be recommended to avoid missing any

cholesteatoma residuals during EES.

2 RAGONESI ET AL.
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provided by standard WL, as it only increases the brightness of the

image. Thus, Clara has been used as the reference standard.

• Spectra A, a digital enhancement of green and blue light signal that

improves the contrast of vessels and capillaries in the superficial

layers of the mucosa.

• Spectra B, a digital enhancement based on a colour tone shift algo-

rithm, reducing the reflexion of the red signal, while maintaining

the signal from deeper layers of the mucosal and submucosal lining.

Both Spectra A and B theoretically help to differentiate normal

mucosa and vascular granulation tissue from avascular cholestea-

toma matrix.

Thereafter, the photographed tissue was removed and sent for

separate histopathological evaluation, performed by the referral pathol-

ogist of the Otolaryngology Head and Neck Surgery Department of

Bern University. A sample of 10 sites of residual cholesteatomatous

tissue and 10 sites of non-cholesteatomatous tissue (e.g., granulation

tissue, healthy mucosa) were randomly selected based on the histologi-

cal analysis.

Accordingly, all-modalities images from the corresponding

20 selected surgical sites provided the final set of 60 images to be

used in the following steps of the study. Study design is described

in Figure 2. This allowed us to investigate the value of Clara and to

compare Spectra A and Spectra B with Clara, as control.

2.2 | Questionnaires and participants

We generated 10 online questionnaires on Qualtrics (www.qualtrics.

com), each containing 18 images out of the 60 images from the data-

set, balanced regarding the three different imaging techniques and

presence of cholesteatoma or not (Table 1). We chose 18 images per

questionnaire to allow respondents to complete it in an acceptable

time and therefore receive more responses, while still allowing a solid

statistical analysis, as defined by a preliminary power analysis. All

60 images were used, and every image was present in three different

questionnaires.

Thereafter, the questionnaires were randomly sent to ear sur-

geons with expertise in cholesteatoma surgery to assess the presence

of cholesteatoma or not (time 1 – T1). The image enhancement

F IGURE 1 Illustration of residual cholesteatoma in the top row (A–C) and granulation tissue in the bottom row (D–F) in the three different
image modalities: A/D = spectra B, B/E = spectra A, C/F = Clara.

F IGURE 2 Flow chart describing the steps of the study design. T1
(time 1): first questionnaire administration an T2 (time 2): second
administration of the questionnaire.

RAGONESI ET AL. 3
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technique was indicated on every image, but no additional details

were provided. After a few weeks, the same participants were asked to

complete the same questionnaire for a second time (T2). General infor-

mation (age, gender), details regarding the microscopic and endoscopic

surgical experience, as well as subjective preferences regarding the

three different DIE to perform the whole surgical procedure were

assessed (usefulness on a scale from 1—not useful at all to 5—extremely

useful—and a single choice for one of the three techniques).

2.3 | Statistical analysis

Variables were described in terms of mean or median and standard

deviation (SD).

Chi-square tests were applied to responses at T1 to analyse the

differences between the three imaging techniques in terms of distri-

bution of correct and incorrect responses (accuracy) as defined by

histopathology.

For the overall inter-rater and the intra-rater reliability, we calcu-

lated the intra-class-correlation (ICC)12 based on a method for data

sets with missing values by Brueckl.13

To assess the overall intra-rater reliability we calculated the ICC

with a mean rating, two-way random effect model with absolute agree-

ment. For the single image enhancement techniques, the intra-rater

reliability was calculated by comparing T1 and T2 answers—did the

participant give the same answer?—followed by calculating a Pearson's

χ2 test to assess the difference in agreements between the techniques

(same vs. not same).

For calculating the overall inter-rater reliability, the ICC estimate

was based on a mean rating (k = 51), one-way random effect model.

We calculated sensitivity and specificity values (with 95% confi-

dence intervals [CIs]) for all three imaging techniques. Sensitivity

refers to the ability of an evaluator to correctly classify an image as

“diseased” (cholesteatoma), while specificity as the ability to correctly

classify as “disease-free” (non-cholesteatomatous tissue).14 Positive

predictive value (PPV) and negative predictive value (NPV) were

measured for each DIE modality, as well.

3 | RESULTS

3.1 | Participants at T1

Fifty-one participants (7 female [13.73%]) with an average age of

44.80 years (SD 9.94 years; range 27–66) from nine different

countries filled out the questionnaires at T1. They all had experi-

ence in cholesteatoma surgery and microscopic ear surgery in par-

ticular, with 72.55% (n = 37) of them having performed more than

200 mainly microscopic cholesteatoma surgeries including endos-

copy as a visualisation tool. Around 41% (n = 21) had performed

TABLE 1 Number of responses for
each image divided by imaging technique.Image number

Clara Spectra A Spectra B
TotalNo. of responses No. of responses No. of responses

1 12 16 18 46

2 21 18 8 47

3 18 8 20 46

4 8 20 18 46

5 15 18 14 47

6 18 14 14 46

7 14 14 15 43

8 14 15 18 47

9 15 18 12 45

10 18 12 16 46

11 12 16 18 46

12 21 18 8 47

13 18 8 20 46

14 8 20 18 46

15 15 18 14 47

16 18 14 14 46

17 14 14 15 43

18 14 15 18 47

19 15 18 12 45

20 18 12 16 46

Total 306 306 306 918

Note: Due to differences in surgeon response to the invitation to participate in the present study, not

every image was equally rated.

4 RAGONESI ET AL.
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more than 200 exclusive or mainly endoscopic cholesteatoma

surgeries.

3.2 | Questionnaires and images at T1

Each questionnaire was answered by a minimum of 4 and a maximum

of 8 participants. This resulted in an unbalanced response distribution

for the 60 images (Table 1). Overall, when combining the number of

responses for each of the selected 60 images, most of them were evalu-

ated by a similar number of raters (mode = 46), with a range of 43–47.

3.3 | Responses at T1 and inter-rater reliability

Out of 918 responses overall, 653 (71.13%) were correct. Accuracy

was highest with the Clara modality (221; 72.22%; 95% CI: 67%–77%)

followed by the Spectra A (218; 71.24%; 95% CI: 66%–76%), and the

Spectra B modality (214; 69.93%; 95% CI: 64%–75%). This difference

was not statistically significant (p = .7112). Table 2 shows all

responses across the three DIE techniques.

Sensitivity in cholesteatoma detection was higher for Spectra B

(82.35%; 95% CI: 75%–88%), followed by Spectra A (81.05%; 95% CI:

74%–87%) and Clara (75.81%; 95% CI: 68%–82%). Specificity was

higher for Clara (68.63%; 95% CI: 61%–76%), followed by Spectra A

(61.44%; 95% CI: 53%–69%), and Spectra B (57.52%; 95% CI:

49%–65%), as shown in Figure 3.

PPV and NPV for each technique are included in Table 2. The high-

est PPV was reached by Clara (70.73%), followed by Spectra A (67.76%),

and Spectra B (65.97%), while the highest NPV was reached by Spectra

B (76.52%), followed by Spectra A (76.42%), and Clara (73.94%).

Figure 4 shows that certain images were very difficult to interpret,

or information were interpreted wrongly with accuracy below 40%

(image 4 and image 8). To illustrate this challenge, the most difficult

images are presented in Figure 5.

Regarding inter-rater reliability we observed an overall agreement

value of 0.8798 (p < .001, 95% CI: 0.8303–0.9200), indicating good

reliability.15

TABLE 2 All responses for the three imaging techniques.

Clara Spectra A Spectra B

Cholesteatoma Cholesteatoma Cholesteatoma

Yes No Yes No Yes No

Yes 116 (70.7%)

TP

48 (29.3%)

FP

164 124 (67.8%)

TP

59 (32.2%)

FP

183 126 (65.9%)

TP

65 (34.0%)

FP

191

No 37 (26.1%)

FN

105 (73.9%)

TN

142 29 (23.6%)

FN

94 (76.4%)

TN

123 27 (23.5%)

FN

88 (76.5%)

TN

115

153 153 306 153 152 306 153 153 306

Abbreviations: FN, false negatives; FP, false positives; TN, true negatives; TP, true positives.

F IGURE 3 Accuracy,
sensitivity and specificity (with
the respective 95% CI) for the
three imaging techniques.

RAGONESI ET AL. 5
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3.4 | Responses at T2 and intra-rater reliability

Forty-three (84.31%) participants filled out the questionnaire at T2.

Time between the two responses was a median of 45 days (mean

55.8 days, SD 27.8). The sample consisted of 38 male participants

(88.37%) and had an average age of 44.7 years (SD 9.87). Out of

774 responses at T2, 609 (78.68%) were consistent with the

responses from T1. The agreement was higher for images evaluated

with the Spectra B modality (215, 83.34%) than with Clara and Spec-

tra A (both 197, 76.36%). However, the difference was not statisti-

cally significant (p = .082). The overall agreement for intra-rater

reliability was 0.7189 (p < .05, 95% CI: 0.6763–0.7559), indicating

moderate reliability.15

3.5 | Subjective evaluation

Responses for subjective evaluation were collected from T1, or if

missing, from T2. One participant failed to fill out the subjective evalu-

ation questions; one participant had partial missing data. This resulted

in 50 responses for the single choice and 49–50 responses for the

usefulness rating. Participants' evaluation in terms of usefulness to

perform an entire cholesteatoma surgery was highest for Clara (mean

3.32, SD 0.98). The overall DIE modality choice (one response only)

was also in favour of Clara enhancement, with 29 votes for Clara,

11 votes for Spectra B and 10 votes for Spectra A.

4 | DISCUSSION

Residual cholesteatoma is the first cause of failure in cholesteatoma

surgery, leading the surgeon to adopt sometimes demanding and inva-

sive strategies, such as the “second look” tympanoplasty. DIE systems

F IGURE 4 Accuracy for image number 1–10 (without
cholesteatoma) and 11–20 (with cholesteatoma). Δ: Cholesteatoma,
O: no cholesteatoma. Green: accuracy >60%, Purple: accuracy
40%–60%, Orange: accuracy: <40%.

F IGURE 5 Examples of two special non-cholesteatoma situations leading to frequent false positive responses. Top row (A–C): tendon of the
tensor tympany muscle mistaken for cholesteatoma. Bottom row (D–F): histologically proven granulation tissue and bonemeal from drilling,
mimicking residual cholesteatoma. A/D = Clara, B/E = spectra A, C/F = spectra B.

6 RAGONESI ET AL.
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have been developed to better identify and distinguish pathological

from healthy tissue and may be a further advance in the intraoperative

detection of residual cholesteatoma. The SPIES applies a visual–digital

reprocessing of the endoscopic image, using a spectral separation algo-

rithm of the record within a high-definition camera system. This system

enhances the appearance of the mucosal surface, and the architecture

of the vascular network within and under it, through five modalities

(Clara, Chroma, Clara + Chroma, Spectra A and Spectra B).10

These DIE modalities have shown their value in two different

settings:

a. Identification of abnormal vasculature (in terms of altered shape,

number of vessels and branching vessels, presence of vessel loops

or dot-like loops) in pathologic tissue, as compared with healthy

tissue. The increased contrast of the vasculature, together with the

surface mucosal changes and epithelial abnormalities, support the

surgeon in the diagnostic endoscopy of epithelial cancer, distin-

guishing benign versus malignant lesions. Indeed, in several special-

ties such as ureteroscopy, pharyngo-laryngoscopy, sinonasal

endoscopy and laparoscopy, SPIES has been applied for early

tumour detection.8–10,16,17

b. Distinction between vascularized versus avascular tissue. Under

Spectra filter, the former gets a more visible vascular pattern, while

the latter appears more whitish and uniform. This tissue response

to Spectra is the basis of the application of SPIES in cholesteatoma

surgery to distinguish the cholesteatoma matrix from granulation

tissue or normal mucosa. This allows the surgeon to better

define the cholesteatoma extension and to remove the disease

completely. To the best of authors' knowledge, the retrospective

case series by Lucidi et al. was the first article to investigate the

usefulness of the SPIES image enhancing system in ear surgery,8 in

facilitating the complete removal of the squamous epithelial, while

sparing normal mucosa. According to the previously mentioned

study, Spectra A and B filters in EES are deemed suitable to recog-

nise cholesteatoma remnants.8

Another DIE system, the narrow band imaging (NBI) has been

investigated in the otologic field. The NBI was suggested by Bruno C

et al. in the differential diagnosis of middle ear masses, with paragan-

gliomas and aural polyps showing a very peculiar NBI vascular tex-

ture.18 Cordero Devesa et al. investigated the vasculatisation patterns

of abnormal tympanic membrane areas with NBI, suggesting its role

as supplementary diagnostic tool in the work-up of tympanic mem-

brane perforations and surgical decision-making.19 Nevertheless, it is

in cholesteatoma surgery that the advantages of the DIE systems

seem to provide the most interesting results.

In our study, the comparison of the three DIE techniques (Clara,

Spectra A, Spectra B) of the SPIES makes clear that each of those

modalities brings along its own advantages. When considering the

surgeons' point of view on the suitability of the three image-

improving modalities, a general attitude in favour of the use of Clara

followed by Spectra B and lastly Spectra A was found. This is

expected, as Clara is the “state-of-the-art” technique used to perform

EES. The Spectra A and B techniques have recently been introduced

to depict residual cholesteatoma after complete removal of the

disease.

We investigated and quantified separately the added value of

Clara, Spectra A and Spectra B for the first time. In all three imaging

techniques, the presence of cholesteatoma is recognised more suc-

cessfully than its absence, meaning a better sensitivity than specificity

for all imaging modalities. This difference becomes very apparent with

Spectra B, when comparing it with Clara used as a reference standard.

With the highest sensitivity but the lowest specificity, a lot of tissue is

misinterpreted as cholesteatoma but only few cholesteatomas are

missed. In our opinion, this increase in sensitivity justifies its use at

the end of every cholesteatoma surgery. Using the Spectra B tech-

nique most cholesteatoma-remnants may be detected and results

regarding residual cholesteatoma may be improved. Moreover, a high

intra-rater reliability was observed and was highest for Spectra B. In

our opinion, this further indicates an additional value regarding the

performance of spectra B. Clara in contrast has the highest accuracy

overall. Its general image properties with high illumination and with-

out modification of the information provided by white light, makes it

most suitable to perform the surgery itself. Spectra A lies between

Clara and Spectra B in terms of sensitivity–specificity-difference, as

well as in terms of detection, missing, identification and misidentifica-

tion of cholesteatoma. Therefore, we do not see any indication in the

use of the Spectra A technique in cholesteatoma surgery.

Interestingly, some special situations require special consider-

ations while using digital image enhancement in EES (Figure 5). For

example, the tendon of the tensor tympani muscle appears bright at

its insertion in the malleus and may be mistaken for squamous epithe-

lium. Similarly, upon thorough review of the image set represented in

Figure 5D–F and related histopathology, it appears that bone frag-

ments produced during drilling may also be mistaken for cholestea-

toma. In summary, Clara may be considered the most appropriate

image modality for use during surgery. However, as the removal of

small amounts of inflamed mucosa has few consequences for the

patient, whereas cholesteatoma remnants can result in serious compli-

cations and require a second operation, we recommend the use of

Spectra B as a final overview at the end of cholesteatoma surgery, in

order to avoid missing any pathological finding. Indeed, the combined

use of Clara and Spectra B, as proposed, permits to increase the over-

all accuracy of the endoscopic visualisation up to 75.4% in our study.

The interpretation of our results should consider that instead of

p values, we used confidence intervals to show the difference

between techniques. Almost all point estimates in the current article

lie within the other techniques' confidence intervals, therefore we do

not have any statistically significant differences on the 0.05% level.

However, since the sample is small, statistically non-significant results

are not surprising. Despite not significant, the increased sensitivity of

Spectra B may have a clinically significant implication, as it indicates a

tendency of Spectra B to a higher detection rate of residual cholestea-

toma, as compared with Clara or Spectra A. Therefore, in our opinion,

balancing the possible disadvantage of extended surgical time for

additional check with SPIES with the advantage of a higher rate of

RAGONESI ET AL. 7
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radicality in cholesteatoma removal, a final check with Spectra B may

be justified.

The present study includes responses from ear surgeons with dif-

ferent surgical background, different experience and from different

countries. This is a strength of the study, as it explores the accuracy

of the DIE technique in ear surgeons with variable experience in deal-

ing with endoscopic images of the middle ear, eventually providing

data which can be considered closer to real-life (high external validity).

Since not all surgeons who were invited to fill out the question-

naires responded, we eventually obtained an uneven distribution of

responses across the questionnaires. As a result, not all images were

presented with each technique the same number of times overall. This

is certainly a limitation of the current study, as some responses there-

fore influenced the overall result heavier than others. Nonetheless,

due to the high number of responses received, the limited availability

of ear surgeons overall and also limited time resources, we decided to

stop data collection with a slightly unbalanced distribution. The

involvement of a high number of surgeons was considered in order to

reduce the bias associated with an unbalanced distribution of exper-

tise level of surgeons e.g. too many experienced surgeons or too many

novice surgeons.

Another limitation is represented by the use of the same order of

images in the questionnaire between T1 and T2, which could have

influenced the intra-rater reliability measure. However, as the focus of

the current study was on the results of the first time point, this limita-

tion can be neglected.

Finally, another limitation can be the static nature of pictures,

which is different from the dynamic visualisation, which occurs during

EES along with the manipulation of the suspicious tissue. Indeed,

accuracy in the detection of cholesteatoma could be affected by the

dynamic movements of the endoscope, changes in the point of view,

light reflexion, direct suction and information about previous surgical

steps.

5 | CONCLUSIONS

Digital enhancement technologies are applicable to EES. Most

otologic surgeons preferred Clara throughout cholesteatoma surgery.

During the final check after complete cholesteatoma removal, Spectra

B showed the highest sensitivity in the detection of cholesteatoma

residuals as compared with Clara and Spectra A. Thus, Spectra B may

be recommended to avoid missing any cholesteatoma residuals

during EES.
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Komínek P. Comparison of narrow band imaging and the Storz pro-

fessional image enhancement system for detection of laryngeal and

hypopharyngeal pathologies. Eur Arch Otorhinolaryngol. 2018;

275(7):1819–25.
11. Carta F, Sionis S, Cocco D, Gerosa C, Ferreli C, Puxeddu R. Enhanced

contact endoscopy for the assessment of the neoangiogenetic

changes in precancerous and cancerous lesions of the oral cavity and

oropharynx. Eur Arch Otorhinolaryngol. 2016;273(7):1895–903.
12. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater

reliability. Psychol Bull. 1979;86(2):420–8. https://doi.org/10.1037/
0033-2909.86.2.420

13. Brueckl M. Statistische Verfahren zur Ermittlung der Urteilerueberein-

stimmung. In: Brueckl M, editor. Altersbedingte Veraenderungen der

Stimme und Sprechweise von Frauen. Berlin: Logos; 2011. p. 88–103.
14. Parikh R, Mathai A, Parikh S, Chandra Sekhar G, Thomas R. Under-

standing and using sensitivity, specificity and predictive values. Indian

J Ophthalmol. 2008;56(1):45–50.
15. Koo TK, Li MY. A guideline of selecting and reporting intraclass corre-

lation coefficients for reliability research. J Chiropr Med. 2016;15(2):

155–63. https://doi.org/10.1016/j.jcm.2016.02.012 [Erratum in: J

Chiropr Med. 2017 Dec;16(4):346].

16. Kamphuis G, de Bruin D, Fallert J, et al. Storz professional image

enhancement system: a new technique to improve endoscopic blad-

der imaging. J Cancer Sci Ther. 2016;8(3):71–7.

17. Lin P, Han P, Liang F, Cai Q, Chen R, Yu S, et al. Characteristics of

the parathyroid gland in endoscopic thyroidectomy with the appli-

cation of an image enhancement system. Surg Endosc. 2018;32(9):

3925–35.
18. Bruno C, Pollastri F, Locatello LG, Maggiore G, Pecci R, Giannoni B,

et al. Otoendoscopic characterisation of middle ear masses by the aid

of narrow-band imaging: a preliminary report. Clin Otolaryngol. 2021;

46(6):1315–8.
19. Cordero Devesa A, Vaca González M, Mariño-Sánchez F, Pérez

Martínez C, Polo L�opez R, Medina González MM, et al. Narrow band

imaging endoscopy improves visualization of vessels of the perfo-

rated tympanic membrane. Eur Arch Otorhinolaryngol. 2018;275(11):

2633–41. https://doi.org/10.1007/s00405-018-5119-9

How to cite this article: Ragonesi T, Niederhauser L,

Fernandez IJ, Molinari G, Caversaccio M, Presutti L, et al.

Digital image enhancement may improve sensitivity of

cholesteatoma detection during endoscopic ear surgery.

Clinical Otolaryngology. 2023. https://doi.org/10.1111/coa.

14049

RAGONESI ET AL. 9

 17494486, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/coa.14049 by U

niversitaet B
ern, W

iley O
nline L

ibrary on [21/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1037/0033-2909.86.2.420
https://doi.org/10.1037/0033-2909.86.2.420
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1007/s00405-018-5119-9
https://doi.org/10.1111/coa.14049
https://doi.org/10.1111/coa.14049

	Digital image enhancement may improve sensitivity of cholesteatoma detection during endoscopic ear surgery
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Patients and images
	2.2  Questionnaires and participants
	2.3  Statistical analysis

	3  RESULTS
	3.1  Participants at T1
	3.2  Questionnaires and images at T1
	3.3  Responses at T1 and inter-rater reliability
	3.4  Responses at T2 and intra-rater reliability
	3.5  Subjective evaluation

	4  DISCUSSION
	5  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


