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Influence of Ossicular Chain Damage on Hearing
After Chronic Otitis Media and Cholesteatoma Surgery
A Systematic Review and Meta-analysis
Erik F. Blom, Bsc; Marlise N. Gunning, Bsc; Nienke J. Kleinrensink, Bsc; Alexander S. H. J. Lokin, Bsc;
Hanneke Bruijnzeel, MD; Adriana L. Smit, MD; Wilko Grolman, MD, PhD

IMPORTANCE Physicians should ideally be able to provide patients with chronic otitis media
and/or cholesteatoma specific information about postoperative hearing outcome, based on
their level of preoperative ossicular chain damage (OCD).

OBJECTIVE To identify the influence of preoperative OCD on hearing outcomes in patients
after chronic otitis media and/or cholesteatoma surgery.

DATA SOURCES PubMed, EMBASE, and the Cochrane Library databases were systematically
searched for available evidence, without any constraints, on December 13, 2014, for articles
published between January 1, 1975, and December 13, 2014.

STUDY SELECTION We reviewed the literature for articles assessing the prognostic value of
OCD on postoperative hearing outcome (air-bone gap [ABG] in decibels), using
Austin-Kartush criteria or independent OCD classification systems. We assessed relevance
and validity using a self-designed critical appraisal tool based on the Cochrane Collaboration’s
risk of bias tool.

DATA EXTRACTION Characteristics of study populations and postoperative ABGs in decibels
were extracted from all included studies by 4 authors (E.F.B., M.N.G., N.J.K., A.S.H.J.L.).

RESULTS The tested hypothesis was formulated before data collection. Primary study
outcome was defined as postoperative adult hearing outcomes after COM and/or
cholesteatoma surgery defined as mean postoperative ABG. Our search yielded 5661 articles.
Nine articles with high relevance were included. Pooled results of studies using the
Austin-Kartush criteria showed a significant (P < .001) difference in mean ABG in favor of
group B, when comparing group B (patients with malleus present, stapes absent; 11.1 [95% CI,
10.3-11.8] dB) to group C (patients with malleus absent, stapes present; 15.7 [95% CI,
14.6-16.7] dB) and group B to group D (patients with malleus absent, stapes absent; 16.5
[95% CI, 15.2-17.9] dB). Three studies using independent OCD classification criteria found no
influence of stapes structure (intact stapes suprastructure, 13.5 [95% CI, 10.3-16.7], 15.1 [95%
CI, 11.8-18.3], and 21.9 [95% CI, 15.0-28.8] dB vs absent stapes structure, 12.8 [95% CI,
9.5-16.1], 19.5 [95% CI, 14.9-24.1], and 30.2 [95% CI, 24.7-35.8] dB) on postoperative ABG.
One study reported a significant (P = .04) difference in mean ABG between patients with
present (18.9 [95% CI, 15.7-22.1] dB) and absent (24.4 [95% CI, 20.2-28.6] dB) malleus.

CONCLUSIONS AND RELEVANCE Pooled results of Austin-Kartush studies showed that in
patients with COM, with or without cholesteatoma, the malleus status is a significant
predictor of postoperative hearing outcome, independent of the stapes condition. Studies
reporting on individual ossicle status supported this finding by showing that only malleus
condition influenced postoperative hearing outcome. These findings are based on level IV
evidence, which indicates the need for future high-level evidence studies.
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C hronic otitis media (COM) is a long-standing middle ear
infection, with or without a tympanic membrane
perforation.1 Symptoms include painless otorrhea and

conductive hearing loss.2 Chronic otitis media can be divided
into COM with and without cholesteatoma. Cholesteatomas
consist of keratinizing squamous epithelium and can grow ex-
pansively in the middle ear, destroying surrounding middle ear
structures.3

Both COM and cholesteatoma can cause ossicular chain
damage (OCD). A COM study in Chinese patients showed OCD
to occur in 54% of patients with cholesteatoma and in 11% of
patients without cholesteatoma.4 The incus is the ossicle most
frequently affected by OCD.5,6 The pathophysiological pro-
cess of ossicular chain destruction is thought to be multifac-
torial and might result from a combination of ostitis, pres-
sure necrosis, and enzyme-mediated lysis.3-8

Because of disruption of the ossicular chain, OCD can
lead to conductive hearing loss. This is clinically reflected on
the audiogram as a difference between bone and air conduc-
tion thresholds, termed an air-bone gap (ABG).9 In 1971,
Austin6 defined OCD classification criteria to match the type
of OCD with specific ossicular chain reconstruction tech-
niques. Austin defined 4 groups (A-D) on the basis of pres-
ence or absence of the malleus handle and stapes arch.6 Kar-
tush extended the Austin6 criteria by adding 3 groups: group
0 with intact malleus, incus, and stapes; group E, fixation of
the malleus head; and group F, fixation of the stapes. The
latter criteria were therefore renamed the Austin-Kartush
criteria.6,15 Since the development of the Austin-Kartush
criteria,6,15 other authors have applied their own classifica-
tion systems. Damage to individual (parts of) ossicles is
specified in these other systems; however, the status of the
other ossicles is not specified.

The aim of this systematic review with meta-analysis was
to identify the influence of the preoperative OCD level on post-
operative hearing outcomes after COM and/or cholesteatoma
surgery in adult patients. A larger postoperative ABG was ex-
pected in patients with extended preoperative OCD.

Methods
Search Strategy
A systematic search in the PubMed, EMBASE, and Cochrane
Library databases was performed on December 13, 2014, for
articles published between January 1, 1975, and December 13,
2014. Relevant synonyms for the search terms “chronic otitis
media,” “cholesteatoma,” “hearing outcome,” and “air-bone
gap” were combined in 1 search syntax (eAppendix in the
Supplement). Because of the prognostic nature of our search
query, the determinant OCD was not included in the search syn-
tax in order to avoid missing relevant studies.

Study Selection
Using ProQuest Refworks software, duplicates were re-
moved. Four authors (E.F.B., M.N.G., N.J.K., A.S.H.J.L.)
screened all retrieved articles individually on title and ab-
stract, using predefined inclusion and exclusion criteria

(Figure). Subsequently, full-text screening was performed by
pairs of authors (E.F.B. and A.S.H.J.L., M.N.G. and N.J.K.). Stud-
ies evaluating the prognostic value of the preoperative OCD
level in patients with COM with or without acquired choles-
teatoma were included. Both studies using the Austin or Austin-
Kartush criteria6,15 and studies evaluating OCD using alterna-
tive classification systems were included. All authors who
performed literature screening participated in the discussion
leading to selection of articles for this systematic review. A
cross-reference check was performed for all selected articles.
Final inclusion of articles was decided with 1 additional inde-
pendent author (H.B.).

The method of surgical ossicular chain reconstruction re-
ported in studies can vary as a result of the type of identified
OCD. Therefore, we did not select studies on the basis of the
type of applied reconstruction and assumed all patients to have
received optimal therapy. Only studies reporting original data
were included.

Critical Appraisal
Four authors (E.F.B., M.N.G., N.J.K., A.S.H.J.L.) critically ap-
praised the selected studies on relevance and validity (Table 1).
Critical appraisal criteria were based on the Cochrane Collabo-
ration tool for assessing risk of bias36 (Table 1). To optimally
select the available evidence, we allocated most value to the
combination of the following relevance criteria: (1) exclusion
of congenital cholesteatoma, (2) application of predefined OCD
categories, and (3) outcome defined as mean postoperative
ABG, preferably measured using the American Academy of Oto-
laryngology–Head and Neck Surgery (AAO-HNS) guidelines.37

These criteria were used because congenital cholesteatomas
are of different etiology, pathophysiologic characteristics, and
behavior than acquired cholesteatomas.38 Second, it was es-
sential for OCD to be reported in a similar and categorical man-
ner in order to compare results between studies. Finally, to pool
hearing outcome data, postoperative ABGs had to be mea-
sured according to a similar protocol.

Each item of the critical appraisal was rated satisfactory,
partly satisfactory, or unsatisfactory. In addition to rating in-
dividual relevance and validity criteria, we graded the overall
relevance and validity using high, medium, and low ratings.
High relevance represented 2 or more satisfactory ratings; me-
dium, 1 satisfactory rating; and low relevance, no satisfactory
rating. For the validity sections of the critical appraisal, at least
3 satisfactory ratings led to a high score, 2 satisfactory ratings
represented a medium score, and 1 satisfactory rating, a low
score (Table 1). We included studies that were graded as hav-
ing high relevance.

Data Extraction
We compared results using mean postoperative ABGs in deci-
bels as outcome measure. If studies did not report 95% con-
fidence intervals (CIs), raw data were extracted from the origi-
nal articles and 95% CIs were calculated using Graphpad
Software 2015.39 We assessed whether studies corrected for
confounding variables in their analysis.

Data were pooled when hearing outcomes (ABGs) of pa-
tients with the same OCD subtype, after a comparable fol-
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low-up period, were reported using standard deviations or 95%
CIs. Heterogeneity tests between similar OCD subgroups from
different studies were performed, both in Austin-Kartush
groups6,15 and study groups in which the status of individual
ossicles was reported. Comprehensive Meta-analysis (Bio-
stat; version 2.2.046) was used to perform heterogeneity analy-
sis and pool results from studies when the I2 was smaller than
50%.40 To determine significance between reported data when
no P values were provided within a study, we elected to cal-
culate P values using an unpaired 2-tailed t test (Graphpad Soft-
ware 2015).39 Furthermore, we calculated P values to com-
pare pooled results.

Results
Search Strategy and Study Selection
Our search yielded 5661 articles. After title and abstract screen-
ing, we considered 44 articles eligible for full-text assess-
ment. Five authors were contacted to retrieve additional in-
formation; only one41 replied. We identified 2 additional
relevant articles by cross-reference checking of reference lists
of selected articles (Figure).11,25 We selected 25 articles for criti-
cal appraisal after full-text assessment (Figure). All selected
studies were retrospective case series, except for 1 prospec-
tive case series30 (Table 1).

Critical Appraisal
The relevance of evidence was high in 9 of 25 studies, so these
were included in the present review (Table 1).10-14,16-19 Six-
teen articles were excluded because they had only a low to me-
dium degree of relevance of evidence (Table 1).20-35 Included
studies carried a low to high risk of bias. Air-bone gaps were
measured according to the frequencies recommended by the
AAO-HNS.37 Only 3 of 9 studies specified that patients with con-
genital cholesteatoma were excluded (Table 1).10,12,14 One study
included only older adolescent and adult patients (Table 2).16

Six studies included both children and adults,10,11,13,17-19 and
the remaining 2 studies did not report the mean age of
patients.12,14 Dornhoffer and Gardner11 and Stankovic12 used
the Austin criteria,6 whereas Felek et al13 used the Austin-
Kartush criteria15 (Table 3). The remaining 6 studies quanti-
fied OCD by applying individually developed classification sys-
tems (Table 4).10,14,16-19 Vartiainen10 did not report standard
deviations of ABGs; therefore, outcome was scored as “not ap-
plicable.” Although the study by Vartiainen10 was included be-
cause of high domain relevance, we did refrain from includ-
ing reported outcomes into our meta-analysis.

Seven included studies reported loss to follow-up.10-14,16,17

Only 1 study reported the quantity and method of handling
of missing data.12 Blinding of the health care professional
who performed determinant measurement was not reported
in any of the included studies (Table 1). In none of the

Figure. Flowchart of the Selection of Studies Reporting on the Prognostic Value of Ossicular Chain Damage
on the Postoperative Hearing Outcome (Air-Bone Gap)

5661 Studies identified through
database searching
2358 PubMed
3225 EMBASE

78 Cochrane Library

3809 Studies excluded
Domain, determinant, and/or
   outcome not relevant
Not original data
Animal studies
Pediatric studies
Congenital cholesteatoma
Otitis media with effusion
Acute otitis media
Commentaries
Patient information
Systematic reviews
Case reports
Opinion
Case series n < 10
Not in English, Dutch,
   German, French, or Spanish

3853 Studies following removal
of duplicates

3853 Studies screened on title
and abstract

44 Studies screened on full text

23 Studies selected

25 Studies underwent critical
appraisal

9 Studies included in analysis

16 Studies excluded

21 Studies excluded

2 Additional suitable references
identified following
cross-reference checking
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included studies did an independent surgeon classify the OCD
type; neither was OCD assessment performed in a uniform and
protocol-prescribed manner in any of the included studies.

Patient Characteristics
Extracted data on patient characteristics are presented in Table 2.
In 4 studies, patients with COM with and without cholestea-
toma were included.13,14,17,19 Two studies only included pa-
tients with both COM and cholesteatoma.16,18 Two studies in-
cluded patients with cholesteatoma but did not define COM
status.10,12 One study included patients with cholesteatoma but,
in addition, included patients (28.0%) with various surgical in-
dications (eg, conductive hearing loss, atelectasis, perforation).11

Hearing outcomes, reported in the latter study, were suffi-
ciently homogenous in comparison with the other 8 studies to
justify inclusion in the present review. Included patients re-
ceived different surgical treatments between and within stud-
ies (Table 2). Two studies applied the canal-wall-down
procedure,10,16 whereas 1 study used the canal-wall-up
procedure.13 Two studies applied a mastoidectomy, combined
with tympanoplasty when this was indicated.14,19 Various pros-
thesis types were used to reconstruct the ossicular chain
(Table 2). One study did not specify the type of prosthesis that
was applied.14 Mean duration of follow-up between included
studies ranged from 9.8 to 62.4 months postoperatively.
Three studies measured hearing outcome at 6 months
postoperatively,13,17,19 2 studies at 12 months postoperatively,16,17

and the remaining 5 studies did not report when audiometry
was performed.10-12,14,18

Hearing Results
Hearing results of studies using Austin-Kartush criteria6,15 are
displayed in Table 3. Two studies10,14 included patients with-

out OCD who could be categorized into Austin-Kartush6,15

group 0. Only 2 studies11,12 reported results in all 4 Austin6

groups (Table 3). Hearing results of studies reporting OCD of
individual (parts of) ossicles are presented in Table 4.

Pooled results of patients in Austin-Kartush6,15 groups B
(I2 = 0%), C (I2 = 46.7%), and D (I2 = 0%) showed significant
(P < .001) differences in favor of group B when mean ABGs
of group B (11.1 [95% CI, 10.3-11.8] dB) were compared with
group C (15.7 [95% CI, 14.6-16.7] dB; P < .001) and group D
(16.5 [95% CI, 15.2-17.9] dB; P < .001) (see eFigure in the
Supplement). In case of an absent malleus, presence or
absence of the stapes did not influence postoperative hear-
ing outcomes (Austin-Kartush6,15 group C vs D; P = .32).

Mean ABG results for patients in Austin-Kartush6,15 group
A ranged from 8.3 (95% CI, 7.9-8.7) to 13.8 (95% CI, 12.8-14.8)
dB11-13 and were too heterogeneous for pooling (I2 = 98.1%).
Pooling of Austin-Kartush6,15 group 0 results was not pos-
sible because 1 study10 did not provide standard deviations.
Studies including patients in Austin-Kartush6,15 group 0 re-
ported mean ABGs of 11.4 (95% CI, 10.7-12.1)14 and 16.2 (95%
CI, not reported) dB.10 Only 1 study reported mean ABG re-
sults on patients in Austin-Kartush6,15 group E: 20.1 (95% CI,
16.9-23.3) dB.13

Hearing outcomes reported in studies that assessed the in-
fluence of individual ossicle damage are presented in Table 4.
We were able to pool results of patients with an absent mal-
leus handle (I2 = 0%): mean postoperative ABG was 25.1 (95%
CI, 21.9-28.4) dB (see eFigure, D in the Supplement). Hetero-
geneity between different studies reporting on all other cat-
egories was too high to pool results (I2 range = 72.7%-95.0%).
Studies including patients with an intact malleus handle re-
ported mean ABGs of 18.9 (95% CI, 15.7-22.1)17 and 27.0 (95%
CI, 20.2-33.8) dB.16 Bared and Angeli17 reported a significant

Table 2. Characteristics of Studies Reporting on the Prognostic Value of Ossicular Chain Damage on Postoperative Hearing Outcome (Air-Bone Gap)

Source
Age, Mean
(range), y Diagnosis Surgical Procedure Prosthesis Used

Follow-up, Mean
(Range), mo

Audiometry,
moa

Vartiainen,10 2000 <10 to >60 COM NR, C+ CWD Autologous
ossicles/bone

62.4 (24-108) NR

Dornhoffer and
Gardner,11 2001

29.3 (4-73) COM+, C+, other
diseasesb

PORP or TORP, with
CWU/CWD if indicated

Dornhoffer PORP or
TORP

11.6 (4-60) NR

Redaelli de Zinis,16

2008
(17-78) COM+, C+ Primary or revision CWD Hydroxyapatite or

titanium
12 12

Stankovic,12 2008 NR COM NR, C+ Adults: CWU/CWD
Children: CWU/CWD

Autologous
bone/cartilage

<12 NR

Bared and Angeli,17

2010
38 (6-77) COM+, C+/C− CWU/CWD or second-look Autologous

bone/cartilage, titanium
and hydroxyapatite

19 (3-84) 3, 6, 12
(and annually)

Felek et al,13 2010 31 (8-67) COM+, C+/C− CWU with ossiculoplasty Autologous or allograft
bone/cartilage, glass
ionomer cement,
polyethylene,
hydroxyapatite

26.8 (6-96) 6

Mardassi et al,18

2011
43 (5-77) COM+, C+ PORP or TORP, with CWU

if indicated
Titanium Vario 9.8 (3-36) NR

Maeng and Kim,14

2012
NR COM+, C+/C− Tympanoplasty with

mastoidectomy
NR (6-256) NR

Lee et al,19 2014 51 (14-76) COM+, C+/C− Mastoidectomy, with
tympanoplasty if indicated

Hydroxyapatite and
titanium

NR 6

Abbreviations: C−, cholesteatoma absent; C+, cholesteatoma present; COM+,
chronic otitis media present; CWD, canal wall down; CWU, canal wall up; NR, not
reported; PORP, partial ossicular replacement prosthesis; TORP, total ossicular
replacement prosthesis.

a Time when audiometry was performed postoperatively.
b Other diseases includes atelectasis and incus dislocation after temporal bone

fracture, among others.
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difference between patients with intact and absent malleus
handle: mean ABG, 18.9 (95% CI, 15.7-22.1) vs 24.4 (95% CI,
20.2-28.6) dB (P = .04) (Table 4). However, Redaelli de Zinis16

found a nonsignificant difference between similar groups.
Only 1 study reported the influence on hearing outcome

of the destruction of the incus: in these patients, a mean ABG
of 22.6 (95% CI, 20.8-24.5) dB was reported.14

Two studies reported outcomes when the stapes was
present: mean ABG of 20.8 (95% CI, 17.6-24.0)17 and 24.5
(95% CI, not reported) dB.10 Two studies reported results
when only the stapes footplate was present preoperatively:
30.9 (95% CI, 28.7-33.1)14 and 33.8 (95% CI, not reported)
dB.10 Incudo-stapedial joint destruction was reported in
only 1 study with a mean ABG of 22.1 (95% CI, 20.4-23.9)
dB.14 All 3 studies reporting on the presence or absence of
the stapes suprastructure showed no significant difference
in hearing outcomes between groups.16,18,19 Mean ABG out-

comes for studies including patients with presence of the
stapes suprastructure were 13.5 (95% CI, 10.3-16.7),19 15.1
(95% CI, 11.8-18.3),18 and 21.9 (95% CI, 15.0-28.8) dB.16 When
the stapes structure was absent, mean ABG results were 12.8
(95% CI, 9.5-16.1),19 19.5 (95% CI, 14.9-24.1),18 and 30.2 (95%
CI, 24.7-35.8) dB16 (Table 4).

Preoperative intact chain integrity resulted in mean ABGs
of 11.4 (95% CI, 10.6-12.1)14 and 16.2 (95% CI, not reported) dB.10

A disrupted ossicular chain resulted in mean ABGs of 20.5 (95%
CI, not reported)10 and 25.0 (95% CI, 23.9-26.0) dB.14 Maeng
and Kim14 found a statistically significant difference be-
tween the latter 2 groups (P < .05).

Four authors performed multivariate linear regression
analyses to assess the prognostic value of the malleus status
(Bared and Angeli,17 Dornhoffer and Gardner,11 and Mardassi
et al18) or presence of OCD (Maeng and Kim14) in relation to the
postoperative hearing results (ABG).

Table 3. Results of Studies Reporting on the Prognostic Value of Ossicular Chain Damage on Postoperative Hearing Outcome (Air-Bone Gap)
by the Austin-Kartush Criteria

Source

Austin-Kartush Classification Groupa

0 A B C D E F

Vartiainen,10

2000

Ears, No. 19

Air-bone
gap, mean
(95% CI), dB

16.2 (NR)

Dornhoffer and
Gardner,11 2001

Ears, No. 80 46 34 40

Air-bone
gap, mean
(95% CI), dB

11.5 (10.1-12.9) 11.9 (10.1-13.7) 17.7 (14.2-21.2) 16.3 (13.2-19.4)

Stankovic,12

2008

Ears, No. 331 200 110 117

Air-bone
gap, mean
(95% CI), dB

8.3 (7.9-8.7) 10.9 (10.1-11.7) 15.0 (13.7-16.3) 16.6 (15.1-18.1)

Felek et al,13

2010

Ears, No. 198 64 31

Air-bone
gap, mean
(95% CI), dB

13.8 (12.8-14.8) 17.1 (14.7-19.5) 20.1 (16.9-23.3)

Maeng and
Kim,14 2012

Ears, No. 1236

Air-bone
gap, mean
(95% CI), dB

11.4 (10.7-12.1)

Overall (all
studies)

Ears, No. 246 208 157

Air-bone
gap, mean
(95% CI), dB

NA NA 11.1 (10.3-11.8)b,c 15.7 (14.6-16.7)c 16.5 (15.2-17.9)b NA NA

Abbreviation: NA, not applicable; NR, not reported.
a Group 0 indicates an intact malleus, incus, and stapes; group A refers to a

present malleus and stapes; group B refers to a present malleus and an absent
stapes; group C indicates an absent malleus and present stapes; group D refers
to an absent malleus and stapes; group E represents a malleus head fixation;

and group F indicates stapes fixation.
b P < .001 (calculated by us) between pooled results in groups B and D.
c P < .001 (calculated by us) between the pooled results in groups B and C.
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Discussion

The aim of this systematic review and meta-analysis was to iden-
tify whether the level of OCD could predict the postoperative
hearing outcome (ABG) in patients with COM with and with-
out cholesteatoma. The 9 included studies had high relevance
and carried a low to high risk of bias. To our knowledge, this is
the first systematic review to report the prognostic value of OCD
on postoperative hearing prognosis, expressed in ABG.

Pooled results of studies using the Austin-Kartush
criteria11-13 showed that malleus presence predicted a signifi-
cantly (P < .05) better postoperative hearing outcome com-
pared with an absent malleus, independent of the condition
of the stapes. This finding is supported by the individual re-
sults of Stankovic12 and Felek et al,13 who showed significant
(P < .05) better hearing outcomes in patients in Austin-
Kartush group A (intact malleus and stapes) than in those in
Austin-Kartush group C (absent malleus, intact stapes). Fur-
thermore, Stankovic12 showed a significant difference in hear-

Table 4. Results of Studies Reporting on the Prognostic Value of Ossicular Chain Damage in Individual (Parts of) Ossicles on Postoperative Hearing
Outcome (Air-Bone Gap)

Source

Malleus
Incus
Long
Process
Destruction

Stapes Other

Handle
Intact

Handle
Absent

Present/
Intact

Supra-
structure
Absenta

Supra-
structure
Intactb

Footplate
Only

Incudo-
Stapedial
Joint
Destruction

Chain
Integrity
Intact

Chain
Integrity
Disrupted

Vartiainen,10

2000
Patients, No. 64 31 19 13

Air-bone gap,
mean (95%
CI), dB

24.5 (NR) 33.8 (NR) 16.2 (NR) 20.5 (NR)

Redaelli de Zinis,16

2008
Patients, No. 24 26 28 22

Air-bone gap,
mean (95%
CI), dB

27.0
(20.2-33.8)

26.1
(20.2-32.0)

30.2
(24.7-35.8)

21.9
(15.0-28.8)

P value .75 .05

Bared and Angeli,17

2010
Patients, No. 64 36 63 42

Air-bone gap,
mean (95%
CI), dB

18.9
(15.7-22.1)

24.4
(20.2-28.6)

20.8
(17.6-24.0)

20.9
(16.8-25.0)

P value .04c .95c

Mardassi et al,18

2001
Patients, No. 33 37

Air-bone gap,
mean (95%
CI), dB

19.5
(14.9-24.1)

15.1
(11.8-18.3)

P value .11

Maeng and Kim,14

2012
Patients, No. 251 137 164 291 1236 843

Air-bone gap,
mean (95%
CI), dB

22.6
(20.8-24.5)

30.1
(26.7-33.6)

30.9
(28.7-33.1)

22.1
(20.4-23.9)

11.4
(10.6-12.1)

25.0
(23.9-26.0)

P value <.05

Lee et al,19 2014

Patients, No. 16 36

Air-bone gap,
mean (95%
CI), dB

12.8
(9.5-16.1)

13.5
(10.3-16.7)

P value .80

All studies

Patients, No. 62

Air-bone gap,
mean (95%
CI), dB

NA 25.1
(21.7-28.5)

NA NA NA NA NA NA NA NA

Abbreviations: NA, not applicable; NR, not reported (and calculation not
possible on the basis of available data); NS, not significant.
a Stapes suprastructure absent = total ossicular replacement prosthesis.

b Stapes suprastructure intact = partial ossicular replacement prosthesis.
c Indicates P values from original studies; all other P values were calculated

by us.
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ing outcome between patients in Austin6 groups A and D (ab-
sent malleus and stapes), in favor of group A.

Regarding studies reporting on status of separate ossicles,
Bared and Angeli17 reported a significant (P = .04) difference be-
tween patients in whom the malleus handle was absent or pres-
ent. All 3 studies reporting on absence or presence of the stapes
suprastructure found no significant hearing outcome difference
between these groups.16,18,19 These findings further stress the im-
portance of the effect of malleus handle status on hearing out-
comes, independent of the stapes status, or parts of the stapes.

No studies reported on incus presence or absence. In ad-
dition, only 2 studies10,14 reported the results of patients in
Austin-Kartush6,15 group 0. These studies did not report on
other Austin-Kartush6,15 groups. Drawing conclusions on the
influence of incus status, as a predictor of hearing outcome,
is therefore not possible in this review.

Yung and Vowler41 defined a postoperative ABG of less than
20 dB as success and an ABG of greater than 20 dB as surgical
failure in a multivariate analysis of patients who had under-
gone surgery for COM. Similar to our findings, the status of the
malleus showed to be a significant predictor of postoperative
hearing outcome (P = .02). In addition, the presence of the sta-
pes did not significantly influence their multivariate model. This
finding is in line with our results, indicating the significance of
malleus status, independent of the condition of the stapes. Wil-
son et al42 applied dichotomous outcome definitions similar to
those of Yung and Vowler41 in a study of patients with choles-
teatoma. Their results showed that both the malleus and sta-
pes condition were significant (P < .05) predictors of long-
term hearing outcome. This finding contradicts our findings. A
possible explanation might be that the mean follow-up by Wil-
son et al42 was 63.6 months, whereas the mean follow-up in our
review ranged between 9.8 and 62.4 months. Furthermore, Wil-
son et al42 only included patients treated with a canal-wall-up
procedure, whereas in our review several surgical procedures
were assessed. Inclusion of more aggressive surgical ap-
proaches, such as canal-wall-down mastoidectomy, may re-
sult in larger postoperative conductive hearing loss levels.

This review has several strengths and limitations. Four au-
thors (E.F.B., M.N.G., N.J.K., A.S.H.J.L.) independently screened
articles and performed critical appraisal, which improved ob-
jectivity and uniformity. We decided not to include studies that
reported ABG in bins (most frequently reported as <20 or >20
dB) because this disables data pooling and decreases the appli-
cability in daily practice: informing patients about their likely
exact postoperative hearing results. Studies by Yung and
Vowler,41 Glasscock,43 and Wilson et al42 were thus excluded.

Although heterogeneity analysis allowed a meta-analysis to
be performed, several remarks have to be made about differences
among included studies in patient characteristics, surgical tech-
niquesused,andoutcomemeasurement.Includedstudiesevalu-
atedpatientswithCOMwithorwithoutcholesteatoma.However,
Dornhoffer and Gardner11 included 56 patients (28.0%) with di-

agnosesofotherdiseases,suchasatelectasis, incusnecrosis,trau-
matic incus dislocation, and malleus head fixation (Table 2). No
specific analysis was performed for each of these abnormalities,
which could have influenced hearing outcomes and pooled re-
sults. Nonetheless, this study had high overall relevance and a
medium risk of bias and was therefore still included in pooling
of the results. In addition, inclusion was supported by a sufficient
outcome of the heterogeneity test (I2 < 50%).

Second, patients received different types of ossicular re-
constructive surgery within and between studies (Table 2).
None of the included studies required correction for the type
of delineated surgery. Each operative approach may result in
different postoperative conductive hearing loss,12 which should
be taken into account when results are interpreted.

Third, differences in method and timing of outcome mea-
surement could have influenced the measured hearing out-
come. Five of the 9 studies did not report when postoperative
audiometry was performed.10-12,14,18 In addition, the range in re-
ported follow-up times among studies was 3 to 256 months, and
some studies did not report it (Table 2). The moment when post-
operative hearing outcome was assessed could have influ-
enced the results: this could have been too soon after surgery
in several studies and could explain differences in results be-
tween studies. Four studies even excluded patients who were
lost to follow-up, possibly inducing selection bias.10,25,39,40

Fourth, 5 studies did not perform multiple regression
analysis to assess possible confounders.10,12,13,16,19 Therefore,
the association between OCD and postoperative hearing re-
sults could have been influenced by other factors. Four stud-
ies did carry out multiple regression analysis, but it must be
noted that the performed analysis only accounts for the re-
ported confounders.11,14,17,18

Finally, all included studies were retrospective case series,
whichmarkstheneedforfutureprospectivestudieswithahigher
level of evidence. For future studies, we recommend the use of
the Austin-Kartush criteria6,15 to measure OCD and the AAO-HNS
guidelines in audiology for reporting hearing outcomes at stan-
dardized intervals to maximize comparability of results.

Conclusions
This meta-analysis enables health care professionals to pre-
dict postoperative hearing results (ABG) in patients with COM,
with or without a cholesteatoma, defined according to the spe-
cific preoperative OCD level. Results showed that in patients with
COM with cholesteatoma, OCD was associated with a signifi-
cantly worse hearing outcome compared with an intact ossicu-
lar chain. The condition of the malleus was the most impor-
tant predictor of postoperative hearing outcome (ABG),
independent of the condition of the stapes. Our recommenda-
tions are based on retrospective case series, which indicates the
need for future studies with a higher level of evidence.
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