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BACKGROUND: The aim is to analyze Literature concerning mastoid obliteration in adults with either autologous or heterologous grafts in the
last 10 years.

Data Source: Databases such as NIH PubMed, Bookshelf, NLM Catalog, Cochrane Library, and Embase were consulted.

METHODS: Thirty-seven studies were selected (22 concerning autologous materials, 15 about heterologous ones). Only studies with more than
12 months of follow-up were considered. A statistical analysis with random-effects models was performed to allow the true effect sizes to differ
from study to study.

RESULTS: The present literature review and meta-analysis does not allow to establish the supremacy of one technique over the other, but under-
lines the advantages of each reconstructive choice and the importance of mastoid obliteration in cholesteatoma surgery. The total number of
obliterated ears was 2882. Overall otorrhea rate was 5% (5.2% for heterologous grafts; 4.9% for autologous materials; P < .05). Recurrent and
residual cholesteatoma rate was 4.5% (3.4% in heterologous materials; 5.2% in autologous grafts; P < .05). Recurrent cholesteatoma rate was 1.8%
(1.6% when using heterologous grafts, 1.9% with autologous; P < .05). Residual cholesteatoma rate was 1.5% (1.6% with heterologous materials,
1.5% with autologous; P < .05). TM (tympanic membrane) retraction pockets rate was 5.3% (3.6% with heterologous materials; P >.05; 7% with
autologous materials; P < .05). TM perforations rate was 2.9% (4.3% with heterologous materials, 2.5% with autologous; P < .05). Infection rate was
2.3% (2.3% with heterologous materials, 2.2% with autologous; P < .05).

CONCLUSION: Heterologous materials are associated with significantly lower rates of recurrent and residual cholesteatoma and retraction pock-
ets development, although they are associated with higher rates of otorrhea and TM perforation.

KEYWORDS: Mastoid obliteration, residual cholesteatoma, recurrent cholesteatoma, otorrhea

INTRODUCTION

Mastoid obliteration in cholesteatoma surgery is necessary to avoid complications related to large mastoid cavities following canal
wall down (CWD) tympanoplasty, such as otorrhea, recurrent vertigo, several ear infections due to the difficulty to have a self-
cleansing cavity, difficulty or impossibility in wearing conventional hearing aids, and soaking the ear and improving the patient’s
quality of life.’*

There are 2 main groups of materials that can be applied to rebuild the external auditory canal (EAC) and obliterate the mas-
toid cavity. The first group is represented by autologous materials, such as bone paté, bone chips, fat, cartilage, muscular flap,
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or fascia. They are harvested directly from the patient, with virtually
no risk of adverse effects or rejection, though they might lead to
donor site morbidity, resorption and atrophy.> Recently, new surgi-
cal techniques adopting heterologous grafts have been developed.
They involve different materials such as bioactive glass (BAG), bio-
active glass-ceramic, or hydroxyapatite granules (HG). They have the
advantage of being endlessly available, easy to use, uncontaminated
and allow better aesthetical and functional results; the main disad-
vantage is the possible inflammatory response due to foreign body
reaction.’

Currently, both kind of materials are commonly used in clinical prac-
tice and numerous articles regarding the 2 have been published,
although the advantages of using one or another are still unclear.
The aim of this study is to evaluate the prevalence of several out-
comes to establish whether there is a best kind of graft for mastoid
obliteration.

METHODS

Items designated by the PRISMA Statement were followed by the
authors.® PICOS was designed as follows: population included only
adult patients affected by cholesteatoma and the intervention con-
cerned mastoid obliteration to improve control disease and patients
quality of life. Mastoid cavities obliterated with heterologous materi-
als were compared with the ones obliterated with autologous mate-
rials (C - comparison), the outcomes were the rates of long-term
otorrhea, recurrent cholesteatoma, residual cholesteatoma, infec-
tions, recurrent and residual disease together, tympanic membrane
perforations or retractions, and infections. Considering that the aim
of the study was to analyze objective results, parameters concern-
ing hearing improvement were excluded due to the high variability
observed in ossiculoplasty methods.

This paper is a study of prevalence, since a metanalysis could not be
performed, due to the low number of randomized control trials com-
paring heterologous and autologous materials that can be found in
literature.

Databases such as NIH PubMed, Bookshelf, NLM Catalog, Cochrane
Library, and Embase were consulted. The search was ((mastoid) AND
(obliteration)) AND (cholesteatoma) and included all articles pub-
lished after 2010. Eligibility criteria for the studies were English lan-
guage and human population.

Three different reviewers read separately all the studies and then
compared their results.

With regard to Embase, NIH Bookshelf, and NLM Catalog Databases
all the articles found were excluded because concerning other out-
comes. The research on Cochrane Library showed some relevant
papers that were published also on PubMed.

The research on PubMed provided 308 articles, but only 144 stud-
ies that met the eligibility criteria (English, Humans, publication date
after 2010). After duplicates elimination, 140 papers were screened.
Twenty-six papers were excluded because not concerning exclu-
sively mastoid obliteration and cholesteatoma surgery. Seven papers
were not considered because they were literature reviews. Two were
excluded because they were case reports. Fifteen were discarded

because they were dealing with other outcomes. Five studies were
not analyzed because they were not pertinent grafts. Eighty-five
articles contained exhaustive information to be analyzed. Seven
were discarded because they included pediatric population. Six were
not included in the study because mixed autologous and heterolo-
gous materials were used for mastoid obliteration. Eighteen were
discarded because dealing with other outcomes. Two were excluded
because of unclear time of follow-up and other 2 because of a too
short follow-up. Following qualitative analysis of the selected articles,
13 other studies concerning autologous materials were discarded to
reduce the heterogeneity of the population, since the use of heterol-
ogous materials for mastoid obliteration has been developed mainly
in the last 10 years. A total number of 38 articles was suitable for the
systematic review: 23 dealing with autologous materials and 15 with
heterologous materials (Figure 1; Table 1).

Data concerning the following were extracted: type of graft (auto
logous/heterologous), the total number of obliterated ears, mean
age of the population in the study, sex of the analyzed population,
number of months of follow-up, rates of otorrhea, recurrent choles-
teatoma, residual cholesteatoma, recurrent and residual disease, and
tympanic membrane perforation or retractions.

Statistical analyses were performed employing CMA v3 and SPSS-
IBM. To avoid the possible bias due to the characteristics of the popu-
lation included, we used random-effects models which allow the true
effect sizes to differ from study to study.” Seven meta-analyses were
computed, to estimate the prevalence of these clinical outcomes:
otorrhea, recurrent cholesteatoma, residual cholesteatoma and the
combination of recurrent and residual cholesteatoma, retraction
pockets, perforations rate, infections. The effect sizes were estimated
by adopting a 95% confidence interval computed for a proportion.
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Figure 1. PRISMA 2020 flow diagram.
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Table 1. Articles Selected for the Review (Continued)

Follow-up
(months)

Infections

% of
secondary

disease (%) procedures

Recurrent
& residual

Residual

disease (%) disease (%)

Recurrent

™

retraction
pockets

™
perforation

Otorrhea (%)

Sex

Age

Total ears

Material

Place

Year

Author

3.03 15.57

3.03 3.03 6.06

19M

28.84
14F

33

2020 Army College od Heterologous

Mishra et al?®

BAG (S53P4)

Medical Sciences

and Base

Randomized

parallel groups

study

Hospital, Delhi,

India

42.5

76.9

38

19.23

12M

47.9
14F

26

2012 Turku University Heterologous

Sarin et al”

Hospital, Finland  BAG (S53P4)

Prospective

27

100

6M

51.5
9F

Heterologous 16
BAG (S53P4)

2012 Péijat-Hame

Silvola et al'®

Central Hospital,
Lahti, Finland

Prospective

12-36

(10% after

™

9F

1

29.5

20

Heterologous
BAG

2017 Zagazig

Sorour et al*

surgery)

University,
Egypt

Prospective

Forest plots were created, and heterogeneity analysis of the effect
sizes was performed by calculating the Higgins's ? statistic® and the
Cochrane’s Q index. A Cochrane’s Q P-value <.1 and an I>> 40% were
considered markers of heterogeneity.

Publication bias was explored through the inspection of the funnel
plot and the Egger test. The funnel plot appears asymmetrical if pub-
lication bias is detected, whereas a non-statistically significant result
of the t-value of the Egger’s regression intercept allows us to discard
publication bias.

A sub-group analysis was performed for each clinical outcome, com-
paring the effect sizes resulting from mastoid obliteration with autol-
ogous or heterologous materials. The significance of the Q-value in
the mixed-effects analysis was used to assess significant differences
between autologous or heterologous materials.

The level of significance was set at P < .05.

RESULTS

The included publications included 25 retrospective studies, 9 pro-
spective studies, 1 randomized parallel groups study, 1 comparative
study, and 1 cross-sectional cohort study. Mastoid obliteration with
autologous materials was performed with bone paté, autologous
remodeled cartilage, muscular flap individually or mixed together.
Regarding heterologous materials, 9 studies dealt with BioActive
Glass (BAG), S54P4 or 45S5. The others used hydroxyapatite gran-
ules: MBCP (byphasic calcium phosphate), HMM (Matrix Material
Nanobone), or biphasic ceramics (TricOs). The studies were grouped
in 2 categories, autologous or heterologous materials, assuming that
bone paté, cartilage, and muscular flap (autologous materials) have
the same behavior, with the same possibilities of being contami-
nated, limited availability, atrophy or resorption, while heterologous
materials such as BAG or hydroxyapatite granules might have the
same problems of osseointegration and tolerability.

The total number of obliterated ears was 2882: 2008 were obliterated
with autologous materials, whereas 874 were treated with heterolo-
gous materials.

The mean follow-up was 2.4 + 22.84 + 22.8 months; 43.9 + 23.4 for
the autologous group; and 33.9 + 21.4 for the heterologous group.

Otorrhea

The overall rate of otorrhea was 5% (SE=0.007; Z=6.788, P=.000),
in mastoid cavities obliterated with heterologous materials was
5.2% (SE=0.012; Z=4.394, P=.000), in the ones obliterated with
autologous grafts was 4.9% (SE=0.010; Z=5.176, P=.000) (Figure 2).
The effect sizes comparison between autologous or heterologous
materials was not significant (Q=0.024; P=.876). Thirty-two studies
were considered (18 for autologous materials, 14 for heterologous
materials).

It is important to remark that all the studies were highly hetero-
geneous, especially for those concerning autologous materials
(Q=77.804, P=.000; ’= 78.150 vs Q=19.261, P=.115; ?=32.507).
Overall 2 value was 74.984 (Q=123.923, P=.000). Furthermore, there
was a publication bias, as demonstrated by Egger’s regression inter-
cept and funnel plot (t=10.277, 1-tailed P=.000).
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Figure 2. Otorrhea (Forrest Plot). The overall rate of otorrhea was 5%; in
mastoid cavities obliterated with heterologous materials the rate was 5.2%
while in the ones obliterated with autologous grafts was 4.9%. Red line:
Studies concerning autologous materials; Blue line: Heterologous materials;
Green line: Overall rate observed in all the studies.

Recurrent and Residual Cholesteatoma

A total number of 25 studies was considered (14 for autologous, 11
for heterologous materials). Overall recurrence and residual rates
were 4.5% (SE=0.009; Z=5.042, P=.000), 5.2% in surgeries per-
formed with autologous materials (SE=0.010; Z=4.992, P=.000), and
3.4% in obliterative surgeries with heterologous materials (SE=0.013;
Z=2.732,P=.006) (Figure 3).

Heterogeneity was observed in both autologous and heterologous
categories, higher for the former (Q=73.427, P=.000; 12=82.295 vs
Q=14.378, P=.156; I’=30.450). Overall I* was 72.825 (Q=88.315,
P=.000). Egger’s regression intercept was significant (t = 4.694,
2-tailed P=.000), showing publication bias for this outcome.

Recurrent Cholesteatoma

Twenty-two studies were evaluated for this outcome (17 for autol-
ogous, 5 for heterologous). Overall rate of recurrent disease was
1.8% (SE=0.004; Z=4.819, P =.000), 1.9% for autologous materi-
als (SE=0.004; Z=4.130, P=.000), 1.6% for heterologous materi-
als (SE=0.006; Z=2.513, P =.012). An heterogeneity of the studies
could be observed for autologous materials (Q=53.308 P=.000;
2=66.234), but not for heterologous materials (Q=10.742, P=.552,
2=0.000). Overall heterogeneity was verified (Q=64.107; P=.000;
[=51.643). This outcome had publication bias (t=4.795, 1-tailed
P=.000).

Residual Cholesteatoma

Twenty-three studies were considered for his outcome (13 for autol-
ogous materials, 10 for heterologous). The overall rate of residual
disease was 1.5% (SE=0.003; Z=4.811, P=.000) and was similar
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Figure 3. Recurrent and Residual Cholesteatoma (Forrest Plot). Overall
recurrence and residual rates were 4.5, 5.2% in surgeries performed with
autologous materials and 3.4% in obliterative surgeries with heterologous
materials. Red line: Studies concerning autologous materials; Blue line:
Heterologous materials; Green line: Overall rate observed in all the studies.

both for autologous materials (1.5%; SE=0.004; Z=3.847, P=.000)
and for heterologous materials (1.6%; SE=0.005; Z=2.896,
P=.004).

Studies dealing with autologous materials accomplished more het-
erogeneity compared to heterologous materials (Q=23.890, P=.021;
=49.769 vs Q=3.414, P=.946; I’=0.000). Overall /> was 20.255
(Q=27.588, P=.190). Publication bias was observed in this outcome
only for autologous materials (t=4.067, 2-tailed P=.000).

Tympanic Membrane Perforations

Fifteen studies were considered (10 for autologous materials,5
for heterologous). The overall rate of TM perforations was 2.9%
(SE=0.008; Z=3.802, P=.000), 2.5% for autologous materials
(SE=0.008; Z=3.101, P=.002), and 4.3% for heterologous materials
(SE=0.016; Z=2.765, P=.006) (Figure 4).

Studies dealing with autologous materials accomplished more het-
erogeneity compared to heterologous materials (Q=28.263, P=.001;
P=68.156 vs Q=4.349, P=.361; I>= 8.027). Overall * was 64.738
(Q=39.703, P=.000). Publication bias was observed in this outcome
(t=7.852, 2-tailed P=.000).

Tympanic Membrane Retraction Pockets

Eleven studies were considered for this outcome (6 for autologous
materials, 5 for heterologous). The overall rate was 5.3% (SE=0.017;
Z=3.157, P=.002), 7% in surgeries performed with autologous
materials (SE=0.021; Z=3.393, P=.001) and 3.6% in oblitera-
tive surgeries with heterologous materials (SE=0.021; Z=1.751,
P=.080) (Figure 5).
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Figure 4. TM perforations (Forrest Plot). The overall rate of TM perforations
was 2.9%, 2.5% for the ears obliterated with autologous materials, and 4.3% in
those where heterologous materials were used. Red line: Studies concerning
autologous materials; Blue line: Heterologous materials; Green line: Overall
rate observed in all the studies.

Heterogeneity was observed only for studies concerning autologous
materials (Q=22.542, P=.000; I>= 77.819 vs Q=3.983, P=.408; =
.000). Overall > was 63.153 (Q=27.139, P=.002). Egger’s regression
intercept was significant (t=3.937, 2-tailed P=.003), showing publi-
cation bias for this outcome.

Infections

Fifteen studies were considered for this outcome (8 for autolo-
gous materials, 7 for heterologous). The overall rate was 2.3%
(SE=0.006; Z=3.990, P=.000), 2.2% in surgeries performed with
autologous materials (SE=0.007; Z=3.151, P=.002), and 2.3%
in obliterative surgeries with heterologous materials (SE=.010;
Z=2.450,P=.014).

Heterogeneity was observed only for studies concerning autologous
materials (Q=12.397, P=.008; I’=43.535 vs Q=3.352, P=.764; I*=
.000). Overall > was 11.821 (Q=15.877, P=.321). Egger’s regression
intercept was significant (t=6.957, 2-tailed P=.000), so there was
publication bias for this outcome.

DISCUSSION

This study is a systematic review with meta-analysis that considers
prevalence of the abovementioned outcomes and it is addressed to
oto-surgeons that deal with advanced cholesteatoma surgeries with
the aim to help to decide whether to use autologous or heterolo-
gous materials for mastoid obliteration. In 2018 Van der Toom et al®
observed lower rates of recurrent and residual disease in patients
that underwent mastoid obliteration: in CWU tympanoplasty with
mastoid obliteration, these rates were 0.28% and 4.2% respectively,
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Figure 5. TM retraction pockets (Forrest Plot). The overall rate was 5.3%, 7% in
surgeries performed with autologous materials, and 3.6% in obliterative
surgeries with heterologous materials. Red line: Studies concerning
autologous materials; Blue line: Heterologous materials; Green line: Overall
rate observed in all the studies.

and in CWD tympanoplasty with mastoid obliteration, 5.9% and 5.8%,
respectively, suggesting that obliterative techniques can improve
patient’s quality of life with lower rates of second-look surgery.

In this meta-analysis, the rates of recurrent and residual cholestea-
toma were statistically significantly lower in those mastoid cavities
obliterated with heterologous materials: 3.4% vs 5.2%, as well as the
only rate of recurrent disease. A lower rate of recurrence and residual
cholesteatoma can be explained in different ways: autologous mate-
rials are more likely to be reabsorbed, leaving space to the possible
development of cholesteatoma. Furthermore, in vitro study dem-
onstrated that S53P4 BAG granules down-regulate the inflamma-
tory cytokine release and exhibit antibacterial properties, probably
reducing the recurrent disease.’

The rate of residual cholesteatoma and the infections were statisti-
cally significant, but did not show great differences between autolo-
gous and heterologous materials. The development of TM retraction
pockets in those patients treated with autologous materials is signifi-
cantly high (7%), while the rate in patients that underwent surgery
with heterologous materials was not significant (3.6%). This may
suggest that the progressive reabsorption of autologous materials
can change the ear aeration, favoring the development of retraction
pockets."

On the other hand, TM perforations were significantly higher in the
mastoid obliterated with heterologous materials (4.3% vs 2.5%). This
finding may be associated with reduced trophism of the obliteration
material and the longer time needed to integrate.



The significantly higher rate of otorrhea in obliterative techniques
involving heterologous materials (5.2% vs 4.9%) was presumably
due to a primary inflammatory response to a new biomaterial still
not osteo-integrated; several studies described a transient, sterile
otorrhea that resolved within 1 year.'>"* Otorrhea can be a reaction
of the dynamic interface between cellular response, biodegrada-
tion, or bioresorption of materials and their transformation from
biphasic calcium phosphate ceramic to carbonate hydroxyapatite.™
Bernardeschi et al demonstrated a good integration of biphasic
ceramics granules in the ear, performing a CT, 1 year after surgery,
showing well-integrated granules in the mastoid cavity, without any
sign of surrounding osteitis.”” Further advantages of bioactive glass
S53P4 are the bacteriostatic and bactericidal properties due to the
presence of silicon ions that increase pH: this might explain the defi-
nition of otorrhea as sterile and its capacity to lead to a reduction of
ear infections.'*'6"7

Itis crucial to highlight that studies concerning autologous materials
did not report the length of otorrhea, either sterile or not, therefore
if not specified, we assumed that otorrhea was due to an infected
ear. Two studies evaluating mastoid obliteration with heterologous
materials reported higher rates of otorrhea, increasing the rate of this
outcome: Stoor et al,”® in their study regarding mastoid cavity oblit-
eration with BioActive Glass (S53P4), observed an otorrhea rate of
14%; however, this was defined as transient, sterile and was specifi-
cally described as granulation healing tissue. Moreover, Roux et al'
reported 17% of transient aseptic otorrhea in their study regarding
hydroxyapatite granules.

Safety and tolerability were assessed for heterologous materials by
Bagot d’Arc and Daculsi,’® in 2003, showing that a combination of
biphasic calcium phosphate bioceramics with human fibrin sealant
forms a moldable material easy to apply in mastoid cavities recon-
struction, providing immediate mechanical stability and, thereafter,
promoting osteoinduction, enhancing the process of wound healing.
In a further study, Bernardeschi et al'® analyzed cutaneous and laby-
rinthine tolerance of bioactive glass S53P4, suggesting it might be
a valid alternative to reduce recurrent disease. Additionally, none of
their patients reported vertigo, dizziness or skin intolerance to the
materials.

Although heterologous materials proved to be safe, Roux et al'? and
Bernardeschi et al™ reported some cases of hydroxyapatite gran-
ules extrusion in EAC, consequently treated either through clinical
removal under microscopical guidance or through surgical manage-
ment (reinforcement of the reconstructed canal with cartilage or
autologous muscle). In both studies, the follow-up was longer than
1 year; however, further studies are required to analyze pathogen-
esis and risk factors underneath granules extrusion, to identify the
unsuitable patients for this technique.

This meta-analysis has several limitations that could affect the inter-
pretation of the results. All the autologous materials and heterolo-
gous ones were grouped together because of the need to maintain
the study’s statistical power. The authors are aware that different
materials may have distinct characteristics but, as stated in the
introduction, the grafts considered in the 2 groups shared among
them some key-point feature that justify this statistical choice.
Moreover, sometimes heterologous materials might be minimally
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associated with autologous grafts (e.g., cartilage to separate the
heterologous materials from the mesotympanum), although the
former was in overwhelming majority in the obliterated mas-
toid cavity. Furthermore, a publication bias has been observed
for almost all the outcomes: this might be explained either by the
author’s choice not to publish studies showing a worse outcome
compared to the published ones or by the insufficient sample size.
Therefore, the study of prevalence is not able to reflect the daily
oto-surgical scenario, which is characterized by great differences
among centers. Considering the 2 outcomes together (recurrent
and residual), we could overcome the publication bias, showing a
more descriptive statistical analysis of cholesteatoma behavior in
obliterative mastoidectomies. A publication bias has further been
described by Moller et al, 2020:® in their review regarding choles-
teatoma recurrence, they stated that low recurrence rates might be
explained by the high experience of ear surgeons performing the
operations included in the studies.

An additional limitation is that sometimes the differentiation
between recurrent or residual cholesteatoma might be difficult.
Hence prospective, randomized studies are needed to better under-
stand the impact of autologous and heterologous materials on these
2 outcomes. Furthermore, only 1 randomized controlled study was
found, therefore we were forced to perform an analysis of preva-
lence, and not of effectiveness.

Finally, an evaluation of auditory outcomes was not carried out,
because of the high number of different reconstruction methods
(cartilage, remodeled ossicles, titanium prosthesis such as TORP or
PORP) and high variability among patients, which would not have
allowed a good analysis.

CONCLUSION

The present Literature review and meta-analysis does not allow to
establish the supremacy of one technique over the other, but under-
lines the advantages of each reconstructive choice. Heterologous
materials seem to offer a slight but statistically significant advan-
tage when compared to autologous obliteration tissue in terms of
recurrent and residual cholesteatoma and in the development of
retraction pockets and might be helpful in revision surgeries being
virtually endlessly available. On the other hand, autologous materials
showed lower rates of otorrhea and TM perforations.

Up to date, the only available therapy for cholesteatoma is surgery,
however, despite all the techniques, it still is a recurrent disease,
as other authors have already observed.” Mastoid obliteration is
pivotal for the patient’s quality of life, since it allows them to soak
the ear and to wear hearing aids with social hearing improvement.
Furthermore, it gives excellent results with low residual and recur-
rent rates, no matter what type of obliteration material is used. In
obliterated ears, the residual and recurrent rates are comparable
with the reported CWD results, yet without the morbidity caused
by CWD, such as vertigo, dizziness, ear infections, and the need of
closer follow-up.'*

The key-points are the improvement of patients’ quality of life, the
reduction of cholesteatoma recidivism or the need of a second sur-
gery. Otologists must deal with a chronic disease, with the tendency
to recur and extend to surrounding structures. Further comparative
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studies between autologous and heterologous materials should
be designed. Also, a better evaluation of each of the heterolo-
gous materials is needed, to establish their safety, tolerability, and
bio-compatibility.
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