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Abstract

Introduction: Tegmen defect (TD) has a potential of intracra-
nial spread of middle ear infection, meningoencephalic her-
niation (MEH), and cerebrospinal fluid leakage (CSFL). Espe-
cially the defects >1 cm with MEH or CSFL are generally re-
paired via the classical middle fossa or minicraniotomy
technique. The aim of this study was to show the efficiency
of the intracranial, extradural placement of the septal carti-
lage graft in the closure of the TD larger than 1 cm via the
transmastoid (TM) approach. Methods: The demographic,
preoperative, intraoperative, and postoperative data of 11
patients with chronic otitis media (COM) who had TD larger
than 1 cm were reviewed retrospectively. Hospitalization
time and hearing preservation with respect to MEH or CSFL
were analyzed. Results: The most common etiology of TD
was cholesteatoma (82%), and 91% of the patients had mul-

tiple COM surgery history. The mean TD size was 15.4 (10-25)
mm. Fifty-five percent of the patients presented with either
MEH or CSFL. The mean follow-up of the patients was 22.5
(8-42) months. There was no significant difference between
preoperative and postoperative mean bone conduction
thresholds. Mean hospitalization time was 5.2 (3-10) days.
There was no significant difference in the hospitalization
time between patients with MEH or CSFL and without MEH
or CSFL. Neither recurrence nor graft infection was encoun-
tered. Conclusion: Extradural grafting with the septal carti-
lage in the large TD up to 25 mm can be repaired efficiently
via the TM approach without application of a lumbar drain-
age. © 2021 S. Karger AG, Basel

Introduction

Tegmen defect (TD) is the bony dehiscence between
the middle ear (ME) and middle fossa (MF). The etiology
is classified into iatrogenic, which accidentally occurs
during mastoid drilling, especially in patients with a low-
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er dural plate, chronic ME infections with or without cho-
lesteatoma; traumatic; and congenital (spontaneous) [1-
3]. It has clinical importance that this defect can result in
serious morbidities, not only intracranial spread of ME
infection but also meningoencephalic herniation (MEH)
and cerebrospinal fluid leakage (CSFL) into the ME [4, 5].
Gupta et al. [6] classified the spontaneous bony defects
into 4 classes with respect to the presence of MEH, CSFL,
and meningitis, regardless of the defect size (class A: bony
dehiscence without MEH and CSFL, class B: bony defect
with MEH and without CSFL, class C: dehiscence with
CSFL without meningitis, and class D: MEH with menin-
gitis).

The presence of active infection or cholesteatoma in
chronic otitis media (COM) increases not only the risk of
intratemporal and intracranial complications but also the
risk of surgery-related complications [7-9]. Bone erosion
capacity enables the cholesteatoma to invade the bony
labyrinth, facial canal, or bony tegmen [10, 11]. Although
tegmen dura is highly thicker, cholesteatoma can pene-
trate it directly or indirectly with an inflammatory reac-
tion [5, 10].

There are mainly 3 approaches for the surgical treat-
ment of the TD which are transmastoid (TM) route, MF
approach (classical or minicraniotomy technique), ME
obliteration techniques, and their combinations [3]. The
surgical method depends on the size and localization of
the defect and the presence of herniation or CSFL [3, 12].
In the literature, there are diverse opinions about the clas-
sification of the TD size and the route of the approach in
surgical management. Some authors calculate the size of
defect in terms of area, while others measure it in length.
Aristegui et al. [13] defined the defect area as small
(<1 cm?), medium (1-2 cm?), and large (>2 cm?). They
used the TM approach with a minicraniotomy or classical
MF route in medium or large TD closure [13]. Semaan et
al. [11] and Carlson et al. [14] classified TD into 3 groups
with respect to length in centimeters (<1, 1-2, and
>2 c¢m), whereas Gonen et al. [12] and Wootten et al. [15]
defined the defects which were >1 cm in length as large
defects and advocated the MF approach in these large
TDs. Moreover Bodenez et al. [16] retrospectively ana-
lyzed 42 COM patients with TD and used the combined
or suprapetrous minicraniotomy approach in the defects
>1 cm (supracentimetric) in length. Even though the
minicraniotomy is much more noninvasive than the clas-
sical one, the MF approach has some disadvantages such
as prolonged surgery and hospitalization time and neu-
rological complications such as meningitis, headache, sei-
zure, aphasia, and subdural hematoma [12].

Septal Cartilage Usage in Large Tegmen
Defects

There are several autograft, homograft, and allograft
materials used in the TD closure. These are bone dust,
fascia, muscle, bone graft, cartilage graft, homologous
dura, hydroxyapatite, and titanium mesh. These materi-
als are generally used in the larger defects via the MF ap-
proach [14, 17-19]. In the literature, there is only one
study about the septal cartilage graft (SCG) usage in the
MEH surgical management. Aristequi et al. [13] reported
27 patients with various sizes of TDs with MEH. They
used the TM plus minicraniotomy or classical MF ap-
proach for 15 patients with >1 cm? defects. There was
only one postoperative meningitis in a patient with post-
traumatic herniation. They concluded that in the larger,
anteriorly located defects with an active infection, septal
cartilage usage via the MF route reduces the risk of post-
operative intracranial infections [13]. This study aimed to
show the efficiency of the intracranial, extradural place-
ment of the SCG in the closure of the TD larger than 1 cm
via the TM approach.

Materials and Methods

This retrospective study included 11 patients with COM who
had TD larger than 1 cm in a tertiary referral center between 2016
and 2019. The patients underwent tympanomastoidectomy plus
repair of TD with the SCG via the TM approach. All the surgeries
were performed by the first author (K.K.). Demographic, preop-
erative, intraoperative, and postoperative data were analyzed. The
preoperative hearing level, type of ME infection, side of surgery,
and previous otologic surgery history were recorded. Intraopera-
tively, the presence of cholesteatoma, type of surgery (intact canal
or canal wall down), localization and size of the defect, presence of
CSFL, and MEH were collected. Postoperatively, hospitalization
time and follow-up time were analyzed. The patients were followed
up with radiological and endoscopic examination for the graft in-
fection, resorption, and displacement.

Preoperative and postoperative bone conduction pure tone
thresholds (average of 500-1,000-2,000 Hz) were compared to
evaluate the effect of this technique on the hearing level. Moreover,
the influence of CSFL or MEH on hospitalization time was statisti-
cally analyzed.

Surgical Technique

If the diagnosis of the herniation or the TD is confirmed pre-
operatively with radiological evaluation, harvesting of the SCG is
performed before the mastoid surgery. The septal cartilage graft is
harvested via caudal hemitransfixion incision, and nasal splints are
replaced. The posterior part of the septal cartilage, which is the
thicker portion, should be preferred [20]. The patient is reposi-
tioned for the otologic surgery. After a standard retroauricular in-
cision, the intact canal or canal wall down mastoidectomy is per-
formed, and the pathology of the ME is resected. In the MEH, the
herniated tissue is coagulated from the stalk and excised. In cases
with prolapsus of the intact dura, bipolar coagulation of the dura
permits sufficient reduction for the exposure of the entire bone
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Fig. 1. a Intra- and postoperative findings of patient no. 11. 19 mm
TD (white asterisk). b Bipolar coagulation of granulation tissue
over damaged dura. ¢ Extradural elevation of the dura from the
tegmen bone for the cartilage graft. d Measurement of the defect
size with the template. e Shaping of the septal cartilage with respect

to the template. f Closure of dural defect with the fascia. g Stabili-
zation of the fascia with fibrin glue. h Placement of the septal car-
tilage graft. i View of the mastoid cavity after tegmen repair. j Post-
operative view of mastoid cavity after 8 months of surgery. TD,
tegmen defect.

Fig. 2. a Intra- and postoperative findings of patient no. 2. 25 mm TD due to MF cholesteatoma with CSFL (white
asterisk). b Closure with the fascia lata, fibrin glue, and septal cartilage graft. ¢ Postoperative view of the mastoid
cavity after 40 months of surgery. TD, tegmen defect; CSFL, cerebrospinal fluid leakage; MF, middle fossa.

defect, and then, the dura is elevated from the tegmen in the extra-
dural plane for the graft placement. The size and the shape of the
defect are measured with a template of a sterile suture package pa-
per. If there is an additional CSFL, the dural defect is grafted ini-
tially with a temporalis muscle fascia or a fascia lata. The fascia and
the cartilage graft are contoured approximately 1 mm oversized
circumferentially with respect to the template. Overundermining
of the dura from tegmen should be avoided to prevent malposition
of the fascia during cartilage graft placement. Furthermore, the
fascia should be stabilized and secured with fibrin glue and small
pieces of absorbable oxidized cellulose, and then, the bony defect
is closed with the cartilage intracranially and extradurally. The
bending capacity permits the septal cartilage for grafting with the
underlay technique. While positioning the graft in the TM ap-
proach extradurally, firstly the medial edge should be introduced.
Then, clockwise in the left ear, and counterclockwise manipulation
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in the right ear is more practical to use the maximum bending ca-
pacity of the cartilage without breaking it. The final position of the
fascia is reconfirmed before the insertion of the last edge of the
SCG. After the closure of the TD, if necessary, tympanoplasty is
performed. No lumbar drainage was used in the cases with the
CSFL after the surgery (shown in Fig. 1a-j, 2a—c, 3a, b).

Statistical Analyses

Statistical analyses were performed with the IBM SPSS for
Windows version 22.0. Numerical variables were summarized as
mean * standard deviation or median (minimum-maximum).
Categorical variables were given as frequencies and percentages.
Differences between the groups according to continuous variables
were determined by the Mann-Whitney U test. Related measures
were compared by a paired t test. A p value <0.05 was considered
significant.
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Fig. 3. a Pre- and postoperative radiologi-
cal findings of the patient no. 1. Preopera-
tive and postoperative computerized to-
mography coronal view (white arrow:
16-mm TD). b Pre- and postoperative
magnetic resonance imaging coronal T2
sequences (black arrow: MEH). TD, teg-
men defect; MEH, meningoencephalic her-
niation.

Results

Demographic and Preoperative Data

There were 7 male and 4 female patients with a mean
age 0f 43.6 (21-66) years. Four of them had right side and
the remaining had left side pathology. According to the
etiology of the TD, 9 of them (82%) were due to choles-
teatoma and 2 (18%) were iatrogenic. Only 1 patient (9%)
had a primary surgery, and the remaining had multiple
surgery history (91%) (Table 1). The preoperative mean
bone conduction threshold was 32.2 + 22.7 dB (decibels).

Intraoperative Data

The mean TD size was 15.4 (10-25) mm. The most
common localization of the defect was mastoid tegmen
(11 patients). Tegmen antri localization was found in 9
patients and tegmen tympani in 2 patients. There were 4
patients (36%) with CSFL, and MEH was found in 5 pa-
tients (45%). Six patients (55%) had either CSFL or MEH.
Nine of the patients (82%) underwent canal wall down
tympanomastoidectomy, and in 2 patients (18%), intact
canal tympanomastoidectomy was performed (Table 1).

Postoperative Data

The mean postoperative hospitalization time was 5.2
(3-10) days (Table 1). There was no statistically signifi-
cant difference in hospitalization time with respect to the
presence of CSFL or MEH (p = 0.247). The patients were
followed up with a mean of 22.5 (8-42) months (Table 1).
The postoperative mean bone conduction threshold was

Septal Cartilage Usage in Large Tegmen
Defects

31.9 + 22.8 dB at the end of the follow-up, and there was
no statistically significant difference between preopera-
tive and postoperative bone conduction thresholds (p =
0.879). None of the patients experienced intracranial or
otogenic complication, graft displacement, infection,
MEH, or CSFL recurrence during the hospitalization and
follow-up.

Discussion

Meningoencephalic herniation and CSFL are the seri-
ous complications of the TD, which results in highly mor-
bid, even mortal, intracranial infectious complications
such as meningitis, abscess, aphasia, and epilepsy due to
the herniation of brain tissue [13]. Regardless of the ap-
proach used, all the defects should be closed layer by lay-
er. If there is an only bony defect with an intact dura, the
tegmen should be propped up with a cartilage or a bone
graft in an underlay fashion. In case of the MEH or CSFL,
there is an additional dural defect; therefore, dural graft-
ing with a fascia is indicated. Consequently, multilayer
closure in a water-tight fashion with or without using fi-
brin glue is indispensable [14, 16, 21].

This study aimed to emphasize the use of the SCG with
the TM approach in the TD larger than 1 cm. We re-
viewed 11 COM patients with a mean TD size of 15.4 mm.
The vast majority of the etiology was cholesteatoma, and
91% of them had multiple surgical history. We exhibited
neither recurrence nor complications related to this sur-
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Fig. 4. a Intraoperative findings of the patient no. 3. View of left side intact canal mastoidectomy (white asterisk:
lateral semicircular canal). b MEH (black asterisk) obliterating the mastoidectomy cavity during the second look
procedure. ¢ Resection of herniation and repair of 11-mm TD with the septal cartilage graft (black arrow). TD,
tegmen defect; MEH, meningoencephalic herniation.

Table 1. Demographic, preoperative, intraoperative, and postoperative findings of 11 patients

Patient Age, Sex Etiology Surgical Side Defect Typeof Localization CSF  MEH Hospitalization Follow-up
no. years history size, mm surgery of TD leakage time, days time, months
1 21 M 1 Multiple R 16 IC Ma+ A - + 4 42
2 66 F C Multiple L 25 CWD Ma+A+T + - 10 40
3 31 F I Multiple L 11 IC Ma+ A - + 5 34
4 60 M C Multiple R 15 CWD Ma+ A - - 5 30
5 56 M C Multiple R 15 CWD Ma+ A + + 5 27
6 64 M C Multiple R 12 CWD Ma+ A + - 7 22
7 24 F C Primary L 16 CWD Ma+A+T - + 3 14
8 39 M C Multiple L 16 CWD Ma+ A - - 4 14
9 38 F C Multiple L 15 CWD Ma - 5 9
10 55 M C Multiple L 10 CWD Ma - - 3 8
11 26 M C Multiple L 19 CWD Ma+A + + 6 8

M, male; F, female; I, iatrogenic; C, cholesteatoma; R, right; L, left; IC, intact canal; CWD, canal wall down; Ma, tegmen mastoideum;
A, tegmen antri; T, tegmen tympani; CSF, cerebrospinal fluid; TD, tegmen defect; MEH, meningoencephalic herniation.

gical technique such as CSFL and meningitis after a mean
follow-up time of 22.5 months. There was no significant
difference between pre- and postoperative bone conduc-
tion pure tone thresholds. Furthermore, we also analyzed
the effect of the MEH or CSFL on hospitalization time,
and no significant difference was found. Bodenez et al.
[16] exhibited the average hospitalization time as 3 days
for the TM approach and as 5 days for MF or combination
approaches. Thus, the SCG via the TM approach is a safe,
convenient, and minimally invasive method in the defects
>1 cm.

Even though small spontaneous defects may lead to
herniation and leakage, it is not clear that which size of
the TD in COM can complicate in MEH [7, 14, 16,22, 23].
Inadvertent drilling or dissection of the granulation tissue
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from the tegmen during mastoidectomy can cause incon-
spicuous dural violence which may further eventuate
with herniation or CSFL (7, 13, 21]. It should be noted
that some defects are perceived incidentally during sur-
gery, especially in patients with multiple surgical history
[5, 7, 13, 16]. Patient no. 3 was an instructive case. Endo-
scope-assisted intact canal tympanomastoidectomy was
performed for the left atticoantral cholesteatoma. After
1 year of follow-up, the second-look procedure was done.
The mastoidectomy cavity was obliterated with a soft tis-
sue mass. After the skeletonization of the tegmen, there
was an 11-mm bony defect accompanying MEH. This is
an unexpected and bothersome situation both for the pa-
tient and for the surgeon. Even though the tegmen was
thinned, there was no apparent bony or dural defect in the
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previous surgery. The herniated tissue was fulgurated,
and the defect was repaired with a fascia lata and SCG
(shown in Fig. 4a—c.). Even if, video recordings of previ-
ous surgeries are available, the radiological evaluation is
essential for the revision cholesteatoma surgeries. Metic-
ulous assessment with computerized tomography and
magnetic resonance imaging to rule out the TD and her-
niation is highly recommended [5, 13, 22]. Consequently,
all the bony and the dural defects should be repaired after
the end of dissection in order to prevent further undesir-
able, serious morbidities [5].

Many authors indicated the reliable use of the cartilage
graft in the anterior skull base defect repair with minor
infectious complication rates [24, 25]. However, the stud-
ies with the cartilage graft concerning the lateral skull
base are relatively limited. A bone graft ensures rigid sup-
port for the tegmen floor. Most of the authors propose the
classical or minicraniotomy MF approach for bone grafts
in thelarger TD [12]. A split-thickness bone graft is most-
ly harvested from the inner cortical side of the temporal
bone squamosal part. Thus, there is a need of titanium
mini-plate fixation of the bone flap during wound clo-
sure, which can prolong the operation time and increase
the surgical and the harvest site complications [14, 26—
29]. Furthermore the bone graft has a resorption risk
which was shown by a study about the repair of orbital
floor fracture [26]. On the other hand, most neurotolo-
gists prefer using connective tissue or cartilage grafts, in-
stead of a bone graft [3, 11, 13, 30].

The cartilage graft is mostly harvested from the au-
ricula or septum. Semaan et al. [11] retrospectively ana-
lyzed 31 transpetrous encephalocele patients treated with
the TM extradural-intracranial approach using the con-
chal cartilage. Eighty percent of the patients were in the
spontaneous group. They used the same technique as
ours with an extra overlay fascia grafting in 14 patients
with the defect size <1 cm and in 17 patients with the de-
fect size >1 cm. They concluded that this technique is safe
and effective, with no recurrence in a mean follow-up
time of 30 months [11]. The auricular cartilage is more
flexible, but less rigid than the septal cartilage [20]. Thus,
it may have a risk of fracture during the graft placement
in the TM underlay technique, which may result in a re-
duction of the structural support of the tegmen. On the
other hand, a straighter and thicker cartilage is more
available in the septum than auricula, unless the patient
has a septoplasty history [22]. The more elastic, resilient,
and bending properties enable the SCG to fix in a precise
and stable underlay position. Wahba et al. [31] pointed
out successful results in iatrogenic TD 12 patients with a

Septal Cartilage Usage in Large Tegmen
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mean size of 5.6 mm. They used the conchal cartilage,
temporalis muscle, and fascia via the TM approach.
Bayatetal. [32] compared the SCG with the auricular car-
tilage graft in the surgical management of the orbital floor
blowout fracture and reported significantly better recon-
structive results with the septal cartilage. However, there
is no similar comparison of the septal cartilage with the
auricular cartilage in the TD repair up to date.

This study and this technique have some limitations.
This is a retrospective study with a limited amount of pa-
tients. Although no technique-related complication was
experienced, we have no data of the MF approach to com-
pare with. Despite a requirement of an extra incision out
of surgical field to harvest the SCG, we consider that this
is less invasive and has minor donor-site morbidity than
the MF approach incision and craniotomy. Some TDs
had irregular outline; thus, we used the maximum length
of the defect, instead of the defect area. Moreover, mul-
tiple defects with the eggshell bony rim are technically
challenging for the TM underlay cartilage graft place-
ment. Although more dural elevation and manipulation
are needed, combined technique (TM plus minicranioto-
my) can be preferred for the multiple defects with irregu-
lar shape which are mostly seen in spontaneous TD.
When necessary, retroauricular incision can be extended
anterosuperiorly to obtain a sufficient exposure for the
minicraniotomy. Precise identification of the TD site and
size via the TM approach allows for optimal planning of
the minicraniotomy dimension and localization. Care
must be taken during craniotomy and extradural eleva-
tion to prevent CSFL and dural violation [14, 16].

As a conclusion, this study exhibited an efficient and
practical use of the SCG in the TD up to 25 mm via the
TM approach. This technique had no side effect on the
cochlear function. Furthermore, the presence of the MEH
and CSFL did not prolong the hospitalization time, and
there was no requirement for the lumbar drainage. By us-
ing this technique, TD >1 cm can be repaired with the TM
approach, and the requirement of MF route is supposed
to be reduced. Future studies comparing the SCG with the
bone graft via MF and TM approaches will clarify the re-
liability and the stability of the TM SCG placement.

Statement of Ethics

A written informed consent was obtained from each patient.
The study protocol was approved by the local Ethics Committee
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with the principles of the Declaration of Helsinki.
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