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Objective: ~We aimed to assess the clinical characteristics of extent patterns in congenital
cholesteatoma, based on the Japan Otological Society (JOS) staging system.

Methods: This was a retrospective chart review that included 80 ears of 80 patients with con-
genital cholesteatoma who underwent primary surgery at a tertiary academic medical center. The
main characteristics and outcomes reviewed were sex, age, clinical background, surgical method,
and stage classification according to two staging classifications: the criteria advocated by JOS
and Potsic staging system.
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Results: The age at the time of surgery ranged from 1 to 35 years (average 8.4 years), and
there were 54 men and 26 women. According to the JOS staging system, 12 ears were Stage la
(15%), 7 ears were Stage Ib (9%), 1 ear was Stage Ic (1%), 59 ears were Stage II (74%), and 1
ear was Stage III (1%). In the study of postoperative residual recurrence, there were 4 cases after
the primary operation and 3 cases after the staged operation. All 3 ears with residual disease
after planned surgery were cholesteatomas that extended to all the tympanomastoid space.

Conclusion: We consider the JOS staging system to be more suitable, in terms of anatomical
classification and surgical procedure selection for comparison between Europe, the United States,
and Asia. Specifically, it was advantageous that the PTAM classification and the S classification
are associated with surgical procedure selection and postoperative course.

© 2020 Oto-Rhino-Laryngological Society of Japan Inc. Published by Elsevier B.V. All rights
reserved.

1. Introduction

Because of the widespread use of school medical ex-
aminations and the development of optical instruments and
diagnostic imaging, more congenital cholesteatoma cases are
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detected at an early stage. However, the pathology remains
unclear, and there is no unified view of the choice of
surgical method. Moreover, the risk of residual disease is
high. To date, because there is no uniform standard with
which to assess the extent of congenital cholesteatoma in
Japan, Potsic stage classification of congenital cholesteatoma
[1], which relatively accurately reflects clinical results, has
been used. However, it is challenging to compare postopera-
tive results due to the different locations of cholesteatomas in
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the tympanic cavity. In 2017, the JOS proposed a pathologic
classification for middle ear congenital cholesteatoma [2] (the
JOS staging system). We used this staging system to exam-
ine cases in which the first surgery was performed in our
department. In addition, the differences between this staging
system and the Potsic staging system were assessed.

2. Materials and methods

We examined 80 ears of 80 patients (males, 54; females,
26) who were diagnosed with congenital cholesteatoma of the
middle ear and had undergone initial surgery at Jikei Univer-
sity Hospital, Tokyo, Japan, between 1993 and 2013. We only
extracted the details of cases that had been followed up for at
least 3 years postoperatively. If the staged surgery was chosen,
the follow-up period was considered to have begun after the
second surgery. The age at the time of surgery ranged from
1 to 35 years (average, 8.4 years; <5 years, 31 ears; 6-10
years, 34 ears; 11-15 years, 6 ears; and >16 years, 9 ears).
The institutional review board of Jikei Medical University ap-
proved this study protocol and waived informed consent for
the retrospective medical records review (approval number:
29208 (8824)).

Middle ear congenital cholesteatoma was defined, based
on the diagnostic criteria of the JOS staging system, as a
cholesteatoma that did not have continuity with the eardrum
and ear canal and congenitally occurred in the middle ear
cavity. The inclusion criteria were as follows: (1) no abnor-
mal findings, including perforations and depressions, in the
eardrum; (2) no continuity between the cholesteatoma and
eardrum; (3) exclusion of petrous bone cholesteatoma. A his-
tory of otitis media was not considered a reason for study
exclusion.

The adopted surgical procedure was based on a micro-
scopic transcanal approach and whether or not a mastoidec-
tomy was also performed. An endoscope was used in combi-
nation when necessary. Endoscopes have been used since at
least 1996. Most of the procedures were performed by two
chief professors, and the others were performed by a trained
surgeon under a professor’s supervision.

The surgical procedure was based on the International
Otology Outcome Group’s international consensus on the cat-
egorization of tympanomastoid surgery [3] and was classi-
fied as no mastoidectomy (Mx), only scutum removed (M2a),
the combination of canal wall preserved and scutum removed
(M1la+2a), or whole canal wall removed (M2c).

Planned surgery was selected for cholesteatoma expansion
cases. In the staged procedure, the planned operation was per-
formed approximately 1 year after the primary operation. Re-
garding the selection of a staged procedure, planned surgery
was used, in principle, in cases where the cholesteatoma ep-
ithelium had entered the fine mastoid air cell system of the
mastoid bone and in cases where it had progressed to the
front of the tympanic cavity or the mastoid cavity. We also
confirmed the presence of residual epithelium endoscopically,
and we selected a staged procedure if there was a possibility
of residual epithelium during the operation.

We analyzed the location of the cholesteatoma in the
tympanic cavity from the site where its white mass was
seen as an intraoperative finding. We described it accord-
ing to the eardrum quadrant: anterosuperior (ASQ) anteroinfe-
rior, (AIQ), posterosuperior (PSQ), and posteroinferior (PIQ).
The tympanomastoid space is divided into four sections: the
protympanum (P), tympanic cavity (T), attic (A), and mas-
toid (M). They are used in the PTAM classification, which
represents the pathological extent of the cholesteatoma. The
JOS staging system for congenital cholesteatoma, however,
was used to determine the anatomical classification. In brief,
the JOS staging system is as follows: Stage I is defined as lo-
cated inside the tympanic cavity. Stages Ia, Ib, and Ic are con-
fined to the ASQ or AIQ, PSQ and/or PIQ, and both sides of
the tympanic cavity, respectively. Stage II is a cholesteatoma
involving two or more PTAM system sites. Stage III is a
cholesteatoma with extracranial complications or intratempo-
ral pathology. Stage IV is a case with intracranial complica-
tions.

We also examined the extent of the stapes lesion in accor-
dance with the S classification. SO has no stapes involvement.
S1 and S2 have stapes involvement with or without the su-
perstructure destruction, respectively. An S3 case has indistin-
guishable stapes footplate involvement, and SN is where the
stapes is invisible at surgery. The S classification is regarded
as a factor related to surgical procedure selection, with the
postoperative course as a subclassification.

We also compared the results between the JOS staging
system and the Potsic staging system (Stage [-IV) regarding
the residual epithelium after the primary and planned surgery
and the remaining lesion at the planned surgery. The Potsic
staging system is as follows: Stages I and II are cases with-
out ossicular involvement and mastoid extension of a single
quadrant and multiple quadrants, respectively. Stage III has
ossicular involvement, but no mastoid extension. Stage IV
cases have mastoid extension.

3. Results
3.1. Relationship between staging and extension

According to intraoperative findings, location of the
cholesteatoma in the PSQ was the most common (52/80 ears,
65%), followed by the PIQ (29/80 ears, 36.3%), ASQ (27/80
ears, 33.8%), and AIQ (16/80 ears, 20.0%). The average age
of first diagnosis of congenital cholesteatoma was 5.1 years
in ASQ cases and 7.7 years in PSQ cases. More cases located
in the ASQ were found in younger patients.

Using the PTAM classification, 20/80 ears (25.0%) were
classified as T, 24/80 ears (30.0%) as TA, 1/80 ears (1.3%)
as AM, 14/80 ears (17.5%) as TAM, 6/80 ears (7.5%) as
PTA, and 15/80 ears (18.8%) as PTAM. These cases were
classified by the JOS staging system. Stage Ia was identified
in 12/80 ears (15.0%), Stage Ib in 7/80 ears (8.8%), Stage
Ic in 1/80 ears (1.3%), Stage II in 59/80 ears (73.8%), and
Stage III in 1/80 ears (1.3%). Thus, Stage II accounted for
most cases. The only Stage III case was PTAM, and the other
PTAM cases were classified as Stage II. Thus, in principle,
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Table 1. Distribution of cases by JOS staging system.

One-stage Planned staged
stage tympanoplasty tymapanplasty Total
Ia 12 12 (15.0%)
Ib 6

1 7 (8.8%)
Ic 1 1 (1.2%)
I 19 40 59 (73.8%)
111 1 1 (1.2%)
total 37 (46.3%) 43 (53.8%) 80 (100%)

Table 2. S staging by JOS staging system (Tables 1-6).

stage Ta Ib Ic II I Total
SO 9 10
S1 2 17 19
S2 1 7 1 45
S3 6 6

the classification of PTAM was subdivided into Stage II and
Stage III (Table 1).

When the stapes lesions were analyzed according to the
‘S’ subclassification, 10/80 ears (12.5%) were classified as
S0, 19/80 ears (23.8%) as S1, 45/80 ears (56.3%) as S2, and
6/80 ears as S3 (7.5%). Regarding each JOS stage, Stage Ia
was present in nine SO ears, two S1 ears, and one S2 ear.
Stage II was present in one SO ear, 17 S1 ears, 35 S2 ears,
and six S3 ears. All Stage Ib, Ic, and III cases were S2. In
relation to the surgical procedure, the results were as follows:
S0, 10/80 ears (12.5%; Mx 10 ears); S1, 19/80 ears (23.8%;
2 ears for Mx, 1 ear for M2a, and 16 ears for M1la+M?2a);
S2, 45/80 ears (56.3%; 12 ears for Mx, 8 ears for M2a, 23
ears for Mla+M2a, and 2 ears for M2c); and S3, 6/80 ears
(7.5%; 1 ear for Mx and 5 ears for M1a+M2a). (Table 2)

Using the Potsic staging system, 10/80 ears (12.5%) were
Stage I, 1/80 ears (1.3%) was Stage II, 39/80 ears (48.8%)
were Stage III, and 30/80 ears (37.5%) were Stage IV.

3.2. Relationship between extension and surgical procedure

Mx was performed in 25 ears (31.3%), M2a in 9 ears
(11.3%), Mla+2a in 44 ears (55.0%), and M2c in 2 ears
(2.5%). When M2c was chosen, obliteration was performed
concurrently.

In examining the relationship between extension according
to the JOS staging system and the choice of the surgical pro-
cedure, all 12 Stage Ia ears were Mx, and the single Stage Ic
case and single Stage III case were both Mla+2a. Of the 7
ears in Stage Ib, 5 (71.4%) were Mx, 1 (14.3%) was M1la+-2a,
and 1 (14.3%) was M2c. Of the 59 ears in Stage II, 8 (13.6%)
were Mx, 9 (15.3%) were M2a, 41 (69.5%) were Mla-+2a,
and 1 ear (1.7%) was M2c (Table 3).

Of the 80 subjects, one-stage tympanoplasty was per-
formed in 37 ears (46.3%), and planned surgery (staged tym-
panoplasty) was performed in 43 ears (53.8%).

We analyzed the relationship between extension, according
to the JOS staging system, and the choice of surgery. Primary
surgery (one-stage tympanoplasty) was performed for all 12
Stage Ia cases, and planned surgery was performed for 1 case

of Stage Ic and 1 case of Stage III. In Stage Ib cases, 6/7 ears
(85.7%) were selected for primary surgery. In the 59 ears with
Stage II, 19 ears (32.2%) were chosen for primary surgery,
and the remainder underwent planned surgery. No fixed trend
was observed in surgical procedure selection (Table 4).

Regarding the relationship between the PTAM classifica-
tion and the surgical procedure selection, in T cases (20 ears),
17 ears (85.0%) were Mx, 2 ears (10.0%) were M1la+M2a,
and 1 ear (5.0%) was M2c. In TA cases (24 ears), 3 ears
(12.5%) were Mx, 6 ears (25.0%) were M2a, and 15 ears
(62.5%) were Mla+M2a. The only AM case was M1a+M2a.
In TAM cases (14 ears), 3 ears (21.4%) were Mx, 1 ear (7.1%)
was M2a, 9 ears (64.3%) were Mla+M?2a, and 1 ear (7.1%)
was M2c. In PTA cases (6 ears), 2 ears (33.3%) were Mx, 1
ear (16.7%) was M2a, and 3 ears (50.0%) were Mla+M?2a.
In PTAM cases (15 ears), 1 ear (6.7%) was M2a and 14 ears
(93.3%) were Mla+M?2a (Table 5).

In examining the relationship between the staging of the
Potsic staging system and the surgical procedure selection, 10
ears of Stage I and 1 ear of Stage II were Mx. In the 39 Stage
III ears, 10 ears (25.6%) were Mx, 7 ears (17.9%) were M2a,
21 ears (53.8%) were M1a+M?2a, and 1 ear (2.6%) was M2c.
Staged surgery was not selected for any Stage I (0/10) and or
Stage II (0/1) cases, but it was performed in 43.6% (17/39)
of Stage III ears and 86.7% (26/30) of Stage IV ears, as per
the Potsic staging system.

3.3. Relationship between postoperative residual and
extension

Postoperative residual disease occurred in 4 primary oper-
ations and 3 staged operations. According to the JOS staging
system, cases of residual disease after primary surgery were
found in 1 ear in Stage Ib and 3 ears in Stage II. Residual
disease after planned surgery was found in 2 ears in Stage II
and 1 ear in Stage III.

Additionally, an evaluation of the residual, as per the
PTAM classification, showed residual disease after primary
surgery in 1 ear for T, 2 ears for TA, and 1 ear for PTA.
All 3 ears with residual disease after planned surgery were
PTAM (Table 6).

As per the Potsic staging system, all 4 ears with residual
disease after primary surgery were Stage III, and all 3 ears
with residual disease after planned surgery were Stage IV.

4. Discussion
4.1. Relationship between staging and extension

Compared with congenital cholesteatoma reports in Eu-
rope and the United States [4-7], Japanese patients had a
higher incidence of congenital cholesteatoma in the PSQ [8—
11]. This correlates with our study’s results, where congenital
cholesteatoma in the middle ear were most frequent in the
PSQ (53/80 ears, 66.3%). This further supports the idea that
there is a difference in the origin of cholesteatoma between
European and Japanese populations.
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Table 3. JOS staging system and surgical method.

stage Mx M2a Mla+-2a M2c Total

Ia 12 12(15.0%)
Ib 1 1 7 (8.8%)
Ic 1 1 (1.2%)
I 8 9 41 1 59 (73.8%)
111 1 1 (1.2%)
Total 25 (31.3%) 9 (11.3%) 44 (55.0%) 2 (2.5%) 80 (100%)

Table 4. JOS staging system and selection of planned staged tympanoplasty.

One-stage Planned staged

stage tympanoplasty tymapanplasty Total

Ia 12 12 (15.0%)
Ib 6 1 7 (8.8%)
Ic 1 1 (1.2%)
I 19 40 59 (73.8%)
1 1 1 (1.2%)
total 37 (46.3%) 43 (53.8%) 80 (100%)

In a United States report [12], the average age at diagno-
sis of congenital cholesteatoma of the middle ear was 5-7
years, but in our study, the average age was slightly higher
(8.4 years). When only the age at diagnosis was examined,
ASQ cases were diagnosed at an average age of 5.1 years and
PSQ cases at 7.7 years. ASQ cases were detected more often
in younger patients. Another report from the United States
[13] concluded that the age at diagnosis was lower than in
Japan because many cases were detected early by pediatri-
cians during school screening.

In all cases where the cholesteatoma was located anterior
to the tympanic cavity, primary surgery and Mx were se-
lected, and no postoperative residual disease was observed. In
contrast, in certain cases where cholesteatomas were located
posterior to the tympanic cavity, some of which required mas-
toidectomy, staged surgery was chosen in some instances, and
residual disease was observed in 1 case.

We believe that the JOS staging system, which is subdi-
vided according to the location of the cholesteatoma in the
tympanic cavity, is beneficial both epidemiologically and clin-
ically. According to the JOS staging system, the highest pro-
portion of cases were Stage II (59/80, 73.8%). The original
lesion may have been located posteriorly in many cases; thus,
more cholesteatomas extended to the superior tympanic cavity
and further to the mastoid cavity.

In the analysis according to the Potsic staging system, there
was only 1 case of Stage II, and most cases were Stages III

Table 5. PTAM staging system and surgical method.

and IV. When the cholesteatoma was in the posterior upper
quadrant, the ossicles in this region may often have been de-
stroyed. We believe that this subdivided classification is more
suitable than the conventional Potsic staging system in terms
of classifying disease progress.

4.2. Relationship between extension and surgical procedure

According to the JOS staging system, we removed the
cholesteatoma by Mx in 17/20 ears (73.9%) in Stage I and
8/59 ears (13.6%) in Stage II. In both the single- and multi-
quadrant cases, we were able to remove the cholesteatoma
without mastoidectomy when the mass was small. Removing
the cholesteatoma without a mastoidectomy was more diffi-
cult when there was extension to the supratubal recess in ASQ
cases, extension to the periarticular incudostapedial joint in
PSQ cases, and extension to the tympanic sinus in PIQ cases.

We mainly performed microscopic surgery and used an
endoscope to remove any residual cholesteatoma. If it ap-
peared that the cholesteatoma would be difficult to remove
completely, due to progression into the attic or mastoid cav-
ity, we decided on a more aggressive approach and performed
a mastoidectomy.

In the PTAM subclassification, patients who underwent
Mla+2a were as follows: 2/20 ears (10.0%) in T, 3/6 ears
(50.0%) in PTA, 15/24 ears (62.5%) in TA, 9/14 ears (64.3%)
in TAM, 14/15 ears (93.3%) in PTAM, and 1/1 ear in
AM. Thus, the PTAM classification was extremely effec-
tive in selecting surgical procedures based on the extent of
cholesteatoma progression.

According to the JOS staging system, all cases of Stage
Ia (12 ears) could be removed by Mx. However, it was often
difficult to cope with any progression to the supratubal recess.
In the PTA cases which did not extend into the mastoid cavity
but progressed into the supratubal recess, 4/6 ears (66.7%)
required a mastoidectomy. In many of these cases, we had
to open the anterior tympanic space, confirm it by endoscopy
through the mastoid side, and remove it.

stage Mx M2a Mla+2a M2c Total

T 17 2 1 20 (25%)
TA 3 6 15 24 (30.0%)
AM 1 1 (1.2%)
TAM 3 1 9 1 14 (17.5%)
PTA 2 1 3 6 (7.5%)
PTAM 1 14 15 (18.8%)
total 25 (31.3%) 9 (11.3%) 44 (55.0%) 2 (2.5%) 80 (100%)
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Table 6. Distribution of recurrences by PTAM staging system.

Total number One-stage Residual after Planned staged  Residual after Residual at
(ear) (ear) One-stage (ear) Planned staged Planned staged
tympanoplasty (ear) tympanoplasty (ear) tympanoplasty (ear)
T 20 18 1 (5.6%) 2 0 1 (50%)
TA 24 12 2ear (8.3%) 12 0 3 (25%)
TAM 14 3 0 11 0 0
PTA 6 3 1 (33.3%) 3 0 0
AM 1 1 0 0 0 0
PTAM 15 0 0 15 3 (20%) 8 (53.3%)

In general, there are many congenital cholesteatoma cases
in which the growth of mastoid cells is favorable. For this
reason, there are often cases where it is difficult to remove
the cholesteatoma entirely because the cholesteatoma epithe-
lium has spread into the fine mastoid air cell system of the
mastoid bone. In our study, the average age at surgery was
8.4 years; therefore, to preserve the patient’s quality of life,
we have performed canal wall-preserved mastoidectomy. Con-
genital cholesteatoma is likely to re-aerate the mastoid cavity
postoperatively, even in cases that have spread into the mas-
toid cavity. Therefore, we carefully evaluate the indications
for whole canal wall removal. In our study, M2c was per-
formed in only 2 cases, where the growth of the mastoid
cavity was extremely poor in 1 case and the cholesteatoma
had spread into the mastoid cavity in the other case.

In subclassification S (Table 2), the destruction of the
stapes superstructure was recognized in 51/80 ears (63.8%).
The stapes is present in the posterior tympanic cavity. The
facial nerve is present around the stapes, and there is also a
tympanic sinus, which is a blind spot under a microscopic
transcanal approach. Thus, operating on this site may not be
feasible with a transcanal approach and may require mas-
toidectomy. In our study, Stage Ia was mostly SO (9/12 ears,
75%) and did not require mastoidectomy. However, Stage Ib
and Stage Ic were all S2, and in some of these cases, mas-
toidectomy had to be selected. As the S classification pro-
gressed to include the other stages, the proportion of cases
requiring M1a+2a increased. Thus, it was clear that S sub-
classification was a critical factor in the surgical choice.

On the other hand, cases in which a small cholesteatoma
confined to one quadrant resulted in ossicular destruction, and
cases in which extension into the mastoid cavity resulted in
ossicular destruction, were categorized as Potsic Stage III.
Although there is a case where Mx is possible even if there
is ossicular destruction, it was considered unlikely to be re-
flected by the Potsic staging system. Thus, the JOS staging
system is considered to be more suitable than the Potsic stag-
ing system for analyzing surgical selection.

In both the JOS staging system and the Potsic staging sys-
tem, as the Stage progressed, the proportion of cases selected
for staged surgery tended to increase. However, there was no
certain tendency, even when examining the subclassification.

4.3. Relationship between postoperative residual disease
and extension

Congenital cholesteatoma has a low level of inflamma-
tion and, therefore, fewer mucosal lesions. Mastoid honey-
comb growth is considered better than in cases of acquired
cholesteatoma, and reaeration after mastoidectomy is also
good. Therefore, cases of recurrent cholesteatoma are con-
sidered relatively benign, whereas residual cholesteatoma is
considered a significant problem.

In our study, for all patients who had residual disease after
one-stage surgery, residual cholesteatoma was present in 4/37
ears (10.8%). We examined each case based on the JOS stag-
ing system. In the first case, M2c was performed for Stage Ib,
and residual cholesteatoma was found in the facial recess. In
the second case, M1a+2a was performed for Stage II (PTA),
and residual cholesteatoma was found in the anterosuperior
part (area) of the tympanic cavity. In the third case, M2a
was performed for Stage II (TA), and residual cholesteatoma
was observed at the aditus to the mastoid antrum. In the
last case, Mx was performed for Stage II (TA), and resid-
ual cholesteatoma was found on the back of the eardrum in
the anterior tympani.

There was no certain tendency in the staging of the JOS
staging system and the PTAM subclassification. Instead, it
was thought that residual cholesteatoma occurred in the blind
spot of microscopic surgery. Thus, the incidence of residual
cholesteatoma needs to be monitored and may decrease with
the development of endoscopic surgical techniques, or a clear
tendency will appear in the JOS staging system if the number
of examined residual cases increases.

All residuals after staged surgery were cholesteatomas. Ac-
cording to the JOS staging system, 2 ears were Stage II, 1
ear was Stage III, and all Stage II and III cases were PTAM
cases. All of the residual disease sites were inside the mastoid
cavity, and one was in the lateral semicircular canal. More
advanced cases tended to cause residual cholesteatoma after
staged surgery.

There were 12/43 ears (27.9%) in which cholesteatoma
remained after a staged procedure. We excluded and examined
one of these cases, which was regarded as a special case in
which M2c was performed for Stage Ib because the mastoid
growth was very poor. All other cases were Stage I, as per the
JOS staging system, and in the PTAM subclassification, 3 ears
were TA, 1 ear was TAM, and 8 ears were PTAM cases. It
was suggested that cases with an advanced PTAM stage might
affect the cholesteatoma remains from a staged procedure.
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Thus, it is useful to evaluate the residual cholesteatoma after
staged surgery by PTAM subclassification.

According to the Potsic staging system, there was no resid-
ual cholesteatoma in Stages I and II, and there was a tendency
for the rate of residual cholesteatoma to be higher in Stages
IIT and IV. There was no clear correlation between the resid-
ual rate and staging. However, as previously pointed out, the
Potsic staging system accurately reflected the clinical results
in our study.

5. Conclusion

The Potsic staging system is considered simple and easy to
use, and it accurately reflected our clinical results. However,
the JOS staging system is considered more suitable in terms
of the anatomical staging system and surgical procedure se-
lection for comparisons between Europe, the United States,
and Asia. Specifically, it was advantageous that the PTAM
classification, which is pathological and anatomical, and the
S classification, which is associated with surgical procedure
selection and postoperative course, were positioned as sub-
classifications.
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