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Abstract 

Background Cholesteatoma is an atticoantral disease that potentially causes life-threatening complications. There-
fore, canal wall down mastoidectomy is a well-established technique to eradicate the disease, especially in extensive 
cholesteatoma.

Aim To evaluate the status of dry ear and hearing outcome post-retrograde canal wall down mastoidectomy.

Methods A retrospective study of patients with cholesteatoma who underwent modified radical mastoidectomy 
(MRM), a form of canal wall down mastoidectomy between January 2014 and December 2018.

Results Fifty-seven patients were included with a mean age of 40 years. The majority of cases were adults, 86%, and 
14% were children. Most of them complained of ear discharge (73.7%), followed by hearing loss (31.6%). Intraop-
eratively, cholesteatoma was primarily found in cases involving mastoid air cells, antrum, attic, and mesotympanum 
(47.4%). The presence of granulation tissue with cholesteatoma was noted in 57.9% of cases. Furthermore, 73.7 % of 
ossicular chain erosion cases involved erosion of all ossicles (47.6 %). In 26.3 % of cases, tegmen erosion was identified. 
Facial canal dehiscence accounted for 15.8% of MRM cases, sclerotic mastoid was noted for 10.5%, and lateral semi-
circular canal dehiscence involved 5.3%. Up to 3 months of follow-up post-MRM showed 70.2% had a dry ear. After 6 
months, there were 15.8% complaints of ear discharge in the subsequent follow-up. In this study, 33 out of 57 patients 
underwent a postoperative hearing evaluation, and 21.2 % of patients showed an improvement in the air-bone gap.

Conclusion Canal wall down mastoidectomy is a treatment of choice in extensive cholesteatoma to achieve a dry 
and safe ear with maintaining functional hearing outcomes.
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Background
Cholesteatoma is a benign disease but is locally aggres-
sive [1]. It can occur together with chronic suppurative 
otitis media or chronic mastoiditis patients [2]. Surgi-
cal intervention is a treatment of choice in cholestea-
toma. Mastoidectomy is a common surgical treatment to 
clear the disease and produce a safe ear [3]. There are 2 
approaches to managing cholesteatoma, which are canal 
wall up mastoidectomy (CWUM) and canal wall down 
mastoidectomy (CWDM) [2]. CWUM includes cortical 
mastoidectomy and combined approach tympanoplasty, 
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while CWDM includes modified radical mastoidectomy 
(MRM) and radical mastoidectomy [2].

CWDM, specifically MRM, is a preferred surgical pro-
cedure for cholesteatoma cases when patients presented 
with extensive disease, poor hearing, and poor compli-
ance to follow-up [2]. It allows better visualization of the 
disease and less risk of recurrence [4]. Besides, sclerotic 
mastoids with extensive cholesteatoma were indications 
for modified radical mastoidectomy as the treatment of 
choice [5].

MRM is a single-stage operative technique of removing 
extensive tympanomastoid air cells and exteriorization 
of air cells [5]. The posterior canal wall is removed until 
the level of the facial nerve, and floor of the mastoid cav-
ity is continuous with the floor of the external ear canal. 
Finally, the mastoid cavity, epitympanum, and external 
ear canal will form one common cavity [2]. It is a more 
conservative procedure than radical mastoidectomy by 
preserving or reconstructing the middle ear [1]. Tympa-
noplasty is an added procedure with CWDM when need 
reconstruction of the middle ear and tympanic mem-
brane. According to Schuknecht’s classification, there are 
5 types of tympanoplasty [6]. Only types III, IV, and V are 
used in CWDM surgery [2].

The study aims to evaluate the outcome of hearing and 
the status of dry ears among post-CWDM patients with 
cholesteatoma.

Methods
A retrospective study was carried out at the Department 
of Otorhinolaryngology, Head and Neck Surgery of Hos-
pital Umum Sarawak, from January 2014 to December 
2018 to evaluate the outcome of modified radical mas-
toidectomy (MRM). A total number of 57 patients were 
included in this study.

The descriptive data were retrieved from the patient’s 
record, including age, gender, race, and presenting symp-
toms. Intraoperative findings were collected from the 
patient’s operative document regarding the site of cho-
lesteatoma, ossicular involvement, and abnormal intra-
operative findings. All MRMs were supervised by a 
senior otorhinolaryngologist. Postauricular incision and 
conventional MRM were performed in all cases. Recon-
struction with tympanoplasty types III and IV by using 
temporalis fascia graft. A superior-based mucoperiosteal 
flap was used to reduce the size of the mastoid cavity.

Hearing outcome and dry ear status are evaluated post-
operatively. Previous data on the patient’s hearing level 
from preoperative pure tone audiometry (PTA) and the 
postoperative hearing result was obtained. In case there 
was no document regarding postoperative PTA, patients 
were asked to do a hearing assessment during postop-
erative follow-up. Bone and air conduction threshold 

averages were used at 3 frequencies of 0.5, 1, and 2 kHz 
from the PTA result. Air bone gap (ABG) closure was cal-
culated by subtracting the postoperative ABG from the 
preoperative ABG. Hearing improvement is referred to 
as closure of ABG with at least a 10-dB difference. Specif-
ically, the results were classified into 3 groups: improve-
ment ≤10 dB, no change −10 to 10 dB, and worsening of 
ABG closure > 10 dB. We also analyzed the influence of 
intact and eroded or absent stapes suprastructure on the 
hearing outcome.

The subjects also were evaluated for the status of the 
dry ear at 3 and 6 months post-MRM during clinical 
follow-up.

Data were analyzed using PASW Statistics 18@2009 
Statistical Packages for Social Science (SPSS), version 
16.0, IBM Corporation (NewYork, USA), was used to 
analyze all data. Descriptive statistics were used to sum-
marise the data.

Results
A total of 57 patients who underwent MRM included 
in this study consisted of 29 (50.9%) males and 28 (49%) 
females. The age of patients varied, ranging from 10 to 
74 years, with a median age of 39 years. The majority of 
the patients were adults, 49 (86%) with 23 (42.1%) being 
Malay. Out of 57 patients, 30 (53%) of the patients had 
the disease in the left ear. There were 4 cases of revision 
MRM for recurrent cholesteatoma.

The commonest presenting symptoms were otorrhea 
42 (73.7%) followed by hearing loss 18 (31.6%), and the 
least symptom was tinnitus 1 (1.8%) in our study. There 
were 4 cases of cholesteatoma (7%) presented with facial 
nerve palsy (Table 1).

Pre-operative high-resolution computed tomography 
(HRCT) of the temporal bone showed 34 (60%) cases 
with blunted or erosion of scutum and 31( 54.3%) cases 
with ossicle erosion.

The most frequent site of cholesteatoma in CWD was 
found in extensively involved mastoid air cells, antrum, 
attic, and mesotympanum whereas cholesteatoma com-
bined with granulation tissue was found in 33 (57.9%) of 
cases (Table 2).

Intraoperatively, the ossicular chain was eroded or 
absent in 42 (73.7%). The majority of cases showed all 
ossicles had eroded or were absent in 20 (47.6%) cases. 
Incus was the most common ossicle eroded in 40 (70%) 
of cases. Abnormalities during MRM include sclerotic 
mastoid 6 (10.5%), facial canal dehiscence 9 (15.8%), teg-
men erosion 15 (26.3%), and lateral SCC dehiscence 3 
(5.3%). Difficult areas, e.g., sinus tympani and perilaby-
rinthine air cells, are able to be clear in all cases.

The mean duration of otorrhea before the first pres-
entation for those with extensively involved mastoid air 
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cells, antrum, attic, and mesotympanum and all ossicles 
eroded, and those with bony dehiscence were 13 months.

In the case of measuring the outcome of hearing sta-
tus, 24 patients were excluded because of no postopera-
tive PTA result. Of these 33 out of 57 subjects, 7 (21.2%) 
showed improvement in ABG. The majority of patients 
had the same hearing outcome in 19 (57.6%) cases, while 
the worse hearing was postoperatively noted in 7 (21.2%) 
cases. The mean and standard deviation of preoperative 
ABG was 36.24 (20.681) dBHL. The mean and standard 
deviation of postoperative hearing outcomes showed 
37.97 (23.503) dBHL. In our study, the hearing status 
did not worsen the hearing outcome postoperatively 
(Table 3).

There were 12 (80%) who had intact stapes with pre-
operative hearing ABG less than 30 dB, while only 27.8% 
with preoperative ABG more than 30 dB had eroded or 
absence of stapes suprastructure. Postoperatively, those 
without stape suprastructure were observed in 25% of 
cases to have ABG more than 30 dB (Table 4).

The dry ear was observed in 40 (70.2%) of cases 3 
months postoperatively and 48 (84.2%) dry ears after 6 
months. Eleven (19 %) and 3 (5%) of cases were observed 
with wet ear at 3 months, and 6 months postopera-
tively were associated with the presence of granulation 
intraoperatively.

Discussion
Canal wall down mastoidectomy, especially MRM, is a 
treatment of choice to treat cholesteatoma. The deci-
sion to perform MRM was due to extensive disease, poor 
hearing status, and poor compliance with follow-up [2].

The present study was based on 57 patients who 
underwent MRM within a 5-year period. In our study, 
the median age was 39 years old with the majority from 
the Malay population. It reflects the racial distribution 
in our country. Overall, gender was equally distributed. 

Table 1 Clinical characteristic of the patients

Not all frequencies add up to 57 subjects, as there were some missing data

Variables n (%)

Age (median; min-max) 39 (10–76)

Gender

 Male 29 (50.9)

 Female 28 (49.1)

Race

 Malay 24 (42.1)

 Chinese 14 (24.6)

 Iban 19 (33.3)

Presenting symptoms

 Hearing loss 18 (31.6)

 Ear discharge 42 (73.7)

 Otalgia 15 (26.3)

 Vertigo 2 (3.5)

 Tinnitus 1 (1.8)

 Facial nerve palsy 4 (7.0)

Table 2 Intra-operative findings of the patients

Not all frequencies add up to 57 subjects, as there were some missing data

Variables n (%)

Site of lesion

 Mastoid air cells and antrum 5 (8.8)

 Mastoid air cells, antrum, and attic 2 (3.5)

 Mastoid air cells, antrum, and attic mesotympanum 27 (47.4)

 Antrum and attic 5 (8.8)

 Antrum, attic, and mesotympanum 5 (8.8)

 Attic and antrum 1 (1.8)

 Attic and mesotympanum 12 (21.1)

Present of granulation

 Yes 33 (57.9)

 No 24 (42.1)

Ossicular status

 Eroded 42 (73.7)

 Intact 15 (26.3)

Eroded ossicle type

 All 20 (47.6)

 Incus 5 (11.9)

 Malleus 2 (4.8)

 Malleus and incus 14 (33.3)

 Stapes and incus 1 (2.4)

Presence of Abnormalities

 Sclerotic mastoid 6 (10.5)

 Facial canal dehiscence 9 (15.8)

 Tegmen erosion 15 (26.3)

 Lateral SCC dehiscence 3 (5.3)

Table 3 Postoperative outcome of the patients

Not all frequencies add up to 57 subjects, as there were some missing data

Variables n (%)

Status of the dry ear at 3 months

 Yes 40 (70.2)

 No 17 (29.8)

Status of the dry ear at 6 months

 Yes 48 (84.2)

 No 9 (15.8)

Hearing outcome (ABG closure)

 Improvement 7 (21.2)

 Unchanged 19 (57.6)

 Worsening 7 (21.2)
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Compared to previous studies, males were found to have 
a higher incidence compared to women [1, 7]. The most 
common presenting symptom in our series was otorrhea 
and followed by the hearing loss which is similar to other 
studies [2, 4].

Intraoperatively, cholesteatoma disease was found 
mostly in the mastoid antrum 45 (79%). The result was 
consistent with Palva and Asma et al. who reported that 
mastoid antrum was the most commonest site of the dis-
ease, approximately more than 50% [2, 8]. In our study, 
the majority had advanced cholesteatoma involving attic, 
mastoid antrum, mastoid cavity, and mesotympanum 
seen in 27 patients (47%). Jain et al. reviewed that exten-
sive cholesteatoma involving the attic, aditus, antrum, 
and middle ear (65.6%) was more common compared 
to other studies [9]. The reason for extensive disease is 
probably due to the patient’s late presentation. We found 
that incus 40 (70%) was the most common ossicle eroded, 
followed by malleus 36 (63%). The finding was similar to 
previous retrospective studies [2, 4]. Tripathi mentioned 
incus erosion, especially the long process of incus was a 
higher incidence in the cholesteatoma group. Extension 
of cholesteatoma to the tympanic sinus and mastoid with 
the presentation of persistent discharge is the indicator of 
incus necrosis [10].

In our series, the presence of cholesteatoma with gran-
ulation tissue was common in our intraoperative findings 
during CWDM 33 (57.9%). Chrisanthus demonstrated 
81.8% of cholesteatoma associated with granulation tis-
sue [11]. Abnormalities that were found in their study 
intraoperatively included tegmen erosion (26%), facial 
nerve dehiscence (16%), and sclerotic mastoid (10.5%). In 
another study, Bizakis et al. found that 20% of cases had 
lateral semicircular canal erosion followed by 15% dehis-
cence of the facial nerve canal [12]. In contrast, our pre-
sent study showed a high incidence of tegmen erosion, 
and subsequently facial canal dehiscence.

Only 33 patients out of 57 were included in our audio-
logical assessment who completed their pre and postop-
erative PTA result. Our series showed no change in the 
mean PTA result, preoperatively 36 dB, while postopera-
tively, the mean hearing level was 37 dB. From our study, 
18 (56.3%) of our patients showed no improvement or 

similar ABG results postoperatively. Another 2 groups 
including improvement of ABG and worsened hearing 
showed in 7 (21.9%) patients in each group. A similar 
hearing outcome post-MRM was found in Asma et  al. 
reported the majority of the cases; 33 (53%) out of 63 
patients showed no improvement of ABG closure while 
25% showed improvement of ABG postoperatively [2]. 
Only 22% of their cases had worsened hearing post-
MRM [2]. Also, another study done by Wetmore et  al. 
mentioned that 25% had an improvement in ABG closure 
post-CWDM [13]. The mean PTA result was similar to 
postoperatively [14]. He also reported that the poste-
rior canal wall did not influence the hearing outcome. 
Mukherjee et al. reviewed 59% out of 133 cases that had 
no change or reduced ABG postoperative, which is also 
similar to our study [3]. In our present study, CWDM 
showed no worsening hearing outcome postoperatively.

Several retrospective studies had mentioned that stapes 
suprastructure showed a significant influence on hearing 
results [2, 3]. Asma et al. mentioned that 73% of patients 
with intact stapes suprastructure had preoperative 
ABG of less than 30 dB. In comparison, of patients with 
eroded/absent stapes suprastructure 55% had preopera-
tive ABG of more than 31 dB [2]. Mukherjee et al. found 
that 62% of cases with intact stapes with ABG less than 
30 dB compared to absent stape suprastructure was only 
27% [3]. In our study, we found that patients with intact 
stape suprastructure observed in 80% had preoperative 
ABG less than 30 dB and postoperatively 27.8% had ABG 
more than 30 dB found in cases without stape suprastruc-
ture. Asma et al. and Mukherjee et al. reviewed that there 
was a significant difference in the presence of or without 
stape suprastructure in preoperative and postoperative. 
They concluded that the stape suprastructure integrity 
is a factor that can influence the audiological result and 
showed significant differences in preoperative and post-
operative hearing outcomes [2, 3]. However, in our study, 
the presence or absence of stape suprastructure showed 
no statistically significant difference in preoperative and 
postoperative ABG. The reason could be due to the small 
sample size to run the statistical analysis.

A study done by Goyal et  al. showed good post-
operative hearing outcomes in MRM with type III 

Table 4 Percentage of patients with and without a stape superstructure with ABG outcome status

*Pearson chi-square test, significant at p<0.05. Preoperative and postoperative subject, n=33

Stapes status Pre-operatively, n (%) Postoperatively, n (%)

ABG
<30 dB

ABG
>30 dB

p value* ABG
<30 dB

ABG
>30 dB

p value*

With intact stapes 12 (80.0) 13 (72.2) 0.699 13 (76.5) 12 (75.0) 1.000

Without superstructure 3 (20.0) 5 (27.8) 4 (23.5) 4 (25.0)
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tympanoplasty by using temporalis fascia for middle 
ear reconstruction [4]. However, other previous studies 
demonstrated tympanoplasty have no significant differ-
ence in hearing improvement between type III and type 
IV tympanoplasty [2, 13].

Various studies show CWDM is an effective proce-
dure to clear the disease. Our study showed a better 
outcome after 6 months of post-surgery. The dry ear 
post-MRM 3 months and 6 months showed 70.2% and 
84.2% each. In contrast, retrospective studies done 
by Vartiainen reported an excellent result of 98% of 
cases post-MRM being dry [15]. Another study by 
Ajalloueyan also demonstrated a similar result in 
which 96% of patients had dry ears after 10 years post-
CWDM [5]. While Asma et al. mentioned that 78% of 
patients had dry ears postoperatively [2]. Few stud-
ies reported a low rate of recurrence. Three percent 
of cases developed recurrence and residual disease in 
CWDM [2, 3]. Ajalloueyan found 7% of recurrence 
cases in his study [16].

Granulation tissue in mastoid air cells intraoperatively 
is not a cause of persistent post-CWDM ear discharge, 
provided all the disease air cells are eradicated. Ear dis-
charge post-CWDM can be due to high facial ridge, 
inadequate meatoplasty, incomplete removal of the mas-
toid air cell, and residual cholesteatoma [2]. In other 
studies, insufficient clearance of disease and inadequate 
meatoplasty were the majority factors for the recurrent 
disease [17, 18].

CWUM showed significant residual and recurrent cho-
lesteatoma compared to CWDM, which needs second-
look surgery [3]. Recurrence of CWUM was reported in 
70% of cases [19]. However, CWDM also showed some 
disadvantages, including mastoid cavity problems such as 
continuous ear drainage, accumulation of keratin debris, 
and frequent vertigo [2]. Mastoid cavity obliteration can 
be performed by reducing the cavity to prevent mastoid 
cavity problems. Various materials can be used, such as 
silicon blocks, bone pate, mucoperiosteal, osteoperiosteal 
flap, or mucoperiosteal flap [2, 20].

A study showed lower socioeconomic income 
among our population with physical barriers such as 
transportation and distance to the medical center, 
and also lower education level is the main factor of 
patients who presented late to our center [21]. These 
factors explain the majority of our patients presented 
with extensive disease and also a high rate of inci-
dence of loss in follow-up. Despite the limited results, 
compared with other literature, there is no doubt that 
CWDM is still a gold standard for the treatment of 
cholesteatoma that showed a high percentage of dry 
ear postoperatively. MRM is a one-time operation 
that provides advantages to patients in the eradication 

of disease and hearing improvement, especially for 
patients with low socioeconomic status and poor 
follow-up.

Conclusion
Single-stage CWDM (MRM) is a preferred surgical treat-
ment for extensive cholesteatoma, especially in poor 
compliance follow-up as it provided a high percentage of 
dry ear and maintained the functional hearing outcome.

Acknowledgements
None.

Authors’ contributions
AN and WJB conceived the original idea. This was also discussed with IPT. AA 
contributed to the data analysis. Eventually, all the authors discussed and 
agreed with the focus and ideas of this paper. The main text of the paper was 
written by AN and WJB and edited by IPT. The authors revised the manuscript 
and contributed equally. The authors read and approved the final manuscript.

Funding
No funding is involved in this paper.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This study approved by Medical Research and Ethics Committee (MREC), 
Ministry of Health Malaysia (MOH) with reference number : NMRR-20-935-
53982(IIR) in 2020. Consent to participate is not applicable as this was a 
retrospective study.

Consent for publication
Informed written consent was obtained from the participant or from their 
parent or legal guardian in the case of children under 16 for the publication 
of this study.

Competing interests
The authors declare that they have no competing interests.

Received: 1 May 2022   Accepted: 10 February 2023

References
 1. Hussain S, Aslam MJ, Ali S, Butt MIH (2013) Five years follow up of canal 

wall down mastoidectomy for cholesteatoma. Pakistan J Med Health Sci. 
7:1042–1044

 2. Asma A, Mohamad Hashim S, Awang MA (2013) Outcome of canal wall 
down mastoidectomy: experience in sixty three cases. Med J Malaysia. 
68(3):217–221

 3. Mukherjee P, Saunders N, Liu R, Fagan P (2004) Long term outcome of 
modified radical mastoidectomy. J Laryngol Otol. 118:612–616

 4. Goyal R, Mourya A, Qureshi S, Sharma S (2016) Modified radical mastoid-
ectomy with type III tympanoplasty: revisited. Indian J Otolaryngol Head 
Neck Surg. 68(1):52–55

 5. Ajalloueyan M (1999) Modified radical mastoidectomy: techniques to 
decrease failure. Med J Islam Repub Iran. 13(3):179–183

 6. Nadol JB, Schuknecht HF (1993) Surgery of the ear and temporal bone. 
Raven Press Ltd, New York

 7. Nelson M, Roger J, Kotlai PJ, Garabedian EN, Triglia JM, Roman S et al 
(2002) Congenital cholesteatoma: classification. Management and out-
come. Arch Otolaryngol Head Neck Surg. 128(1):810–814



Page 6 of 6Yusof et al. The Egyptian Journal of Otolaryngology           (2023) 39:50 

 8. Palva T (1985) Surgical treatment of cholesteatomatous ear disease. J 
Laryngol Otol. 99:539–544

 9. Jain PC, Gupta R, Mandowara P, Gorwara RK (2007) Study of surgical 
outcome after modified radical mastoidectomy. J Med Sci Clin Res. 
7(7):452–456 https:// doi. org/ 10. 18535/ jmscr/ v7i7. 83

 10. Tripathi P, Nautiyal S (2017) Incidence and preoperative predictive indica-
tors of incudal necrosis in CSOM: a prospective study in a tertiary care 
centre. Indian J Otolaryngol Head Neck Surg. 69(4):459–463

 11. Chrisanthus J, George S (2018) Mastoidectomy: retrospective analysis of 
137 cases in tertiary care hospital. Int J Otorhinolaryngol Head Neck Surg. 
4(1):93–99

 12. Bizakis JG, Chimona TS, Hajiioannou JK, Prokopakis EP, Karampekios S, 
Papadakis CE, Helidonis ES (2006) Canal wall down mastoidectomy for 
cholesteatoma: experience at the University of Crete. J Otolaryngol. 
35(1):48–52

 13. Mishiro Y, Sakagai M, Okumua SI, Takdea N, Kudo T (2000) Postoperative 
results for cholesteatoma in children. Auris Nasus Larynx. 27:223–226

 14. Wetmore RF, Konkle DF, Potsic WP, Handler SD (1987) Cholesteatoma in 
pediatric patient. Int J Pediatr Otorhi. 14:101–112

 15. Vartiainen E (2000) Ten-year results of canal wall down mastoidectomy for 
acquired cholesteatoma. Auris Nasus Larynx. 27:227–229

 16. Ajalloueyan M (2006) Experience with surgical management of chole-
steatomas. Arch Otolaryngol Head Neck Surg. 132:931–933

 17. Das S, Dutta M, Panja T, Sinha R (2019) Chronic draining ear and chole-
steatoma recidivism: a retrospection from clinical, imaging, and surgical 
perspectives. Turk Arch Otorhinolaryngol. 57(3):133–139

 18. Prasanna Kumar S, Ravikumar A, Somu L (2013) Modified radical mastoid-
ectomy: a relook at the surgical pitfalls. Indian J Otolaryngol Head Neck 
Surg. 65(Suppl 3):548–552

 19. Nyrop M, Bonding P (1997) Extensive cholesteatoma: long term results of 
three surgical techniques. J Laryngol Otol. 111(06):521–526

 20. Cevat U (2006) Canal wall reconstruction and mastoid obliteration with 
composite multifractured osteoperiosteal flap. Eur Arch Otorhinol. 
263:1082–1086

 21. Kong CK, Roslani AC, Law CW, Diana Law SC, Arumugam K (2010) Impact 
of socioeconomic class on colorectal cancer patient outcomes in Kuala 
Lumpur and Kuching, Malaysia. Asian Pacific J Cancer Prev. 11:969–974

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.18535/jmscr/v7i7.83

	Outcomes of canal wall down mastoidectomy in cholesteatoma: a 5-year experience
	Abstract 
	Background 
	Aim 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


