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Introduction

According to our current view, the modern treatmehimesotympanic chronic suppurative otitis media a
middle ear cholesteatoma is tympanoplasty. Tympastpallows for the establishment of air-tight il ear
cleft and a novomembrane capable of vibration ddéaling.

In mesotympanic processes this procedure and tomseuction of the ossicular chain can be perfareither
simultaneously or in separate sessions.

We always schedule a two-stage surgery in patieitts cholesteatoma after a discussion with thegpasi and
their parents. The first stage is sanation and &mgpmembrane reconstruction. Normally the secdades
involves revision (residual cholesteatoma remaofvaktessary) and ossicular chain reconstruction.

In both cases the aim is to achieve a dry, potigntewim-proof’ ear, to improve or at least pregerearing, to
eliminate chronic purulence or cholesteatoma as agefo protect the neural structures of the irgaarfrom the
further damaging effects of these noxae and patinpirevent recurrence.

There are two common types of surgery of cholestras. The closed technique (canal wall-up
tympanomastoidectomy, CWU TM) aims to preserve ghsterior bony canal wall thus creating anatomical
conditions that are similar to normal (,swim-prooféar). The open technique (canal wall-down
tympanomastoidectomy, CWD TM) involves the remanfathe posterior bony canal wall, as a result ofclh
the mastoid area remains open towards the extauwitory canal. This allows for the easier inspecof the
mastoid cavity lined with keratinizing squamoustlegiium on ear examination. The author does not use
obliteration technics and cartilage tympanoplasefgrred by other authors.

For good postoperative hearing results it is ciudcianaintain the air content of the residual omptete middle
ear cleft by preserving automatic Eustachian tulmetion, or if it is not possible, by ventilatioabe (grommet)
insertion providing adequate middle ear pressure.

In children, maintaining the constant atmospherasgpure of the middle ear is of outstanding impuadue to
their frequent upper respiratory tract catarrhsrt@de craniofacial anomalies directly affecting tbpening
mechanism of the Eustachian tube particularly carap@ the situation. The most expressed exampldahi®f
problem are the different forms of cleft palate d@he conditions associated with velopharyngealffitsency

(VPI).

We should not forget that one of the most signiftcpathogenetic factors of different chronic otpiocesses
(mesotympanic and cholesteatomatous) is Eusta¢htzan dysfunction. It is no wonder that cholesteatdm
much more common in children with cleft palate tivathe healthy population (1.8-9.2% vs. 0.003-6%).

Contradictory data have been published on the owtsoof ear surgery in cleft patients. Earlier stadnention
poor results of tympanoplasty in these patientd|endn relatively low number of more recent studieiect a
more optimistic view.

1.1. Objectives

The aim of this work is to investigate whether thare differences in the short and long term ou&wf
tympanoplasty performed due to childhood chronicsotgmpanic otitis media and cholesteatoma in ptien
without (NoCleft) and with cleft palate (Cleft). HBiar studies mention poor results of tympanopéssin these
patients, while a relatively low number of moreaetstudies reflect a more optimistic view.

The outcomes of tympanoplasty of pediatric patiawitt mesotympanic chronic suppurative otitis meainal
cholesteatoma are separately discuseeduse the course of these sicknesses is totally different, however the
surgical solution — tympanoplasty — is technically alike.

This study analyses the author’s (G.K.) data ongted tympanoplasty.

2. Materials and methods



2.1. Mesotympanic processes

Since 1996 the author has performed the surgefi&Sleft’ patients in the frameworks of the ‘Cleffip and
Palate Team’ founded in the same year at the Depattof Pediatrics, University of Pécs Medical Sthdhe
team is currently responsible for the care of nibaa 600 cleft patients.

We analysed the surgical data and hearing testtsestiall the patients (‘NoCleft’ and ‘Cleft’) whaevere
operated on due to chronic mesotympanic otitis enéditween 17 July, 1990 and 30 October, 2012 at the
Division of Otorhinolaryngology, Department of Pafics, University of Pécs Medical School.

The author performed 190 tympanoplasties on 1l4@mat 171 ears with chronic mesotympanic otitisdiae
He underlines the importance of the potentiallyoperative restoration of Eustachian tube function.

He has always applied uniform surgical techniquds. has performed the reconstruction of the tympanic
membrane with underlaid fascia grafts in all carestly using the aponeurosis of the temporal muscle

The author does not fear from skin elevation inrémgion of the pretympanic sinus. Therefore thicia flap
can be pushed forward almost until the border efahterior quadrants and it can be laid on thehieigring
bony ear canal wall. Normally the surgeon creates single tunnel in the anterior-superior quadsahich
allows for ‘pull-back’. Mastoidectomy was performéad nearly all cases. Ossicular chain reconstracti@s
carried out with autogenous cortical bone coluneeiiftaall cases according to the methods descripdgbler.

Ventilation tube (grommet) insertion was alwaysrieat out when necessary depending on the results of
microscopic and audiological examinations, irresipecof previous operations on the ear and theges of
cleft palate.

2.2. Cholesteatomatous cases

We retrospectively analysed the author's 24-yeapegrnce of pediatric tympanoplasty on ears with
cholesteatoma (17 July 1990 - 10 March 2014; Divisof Otorhinolaryngology, Department of Pediatrics
University of Pécs Medical School).

During the period mentioned above, 303 tympanoiglastere performed on 192 ears with cholesteatondia®
children. In our present study we analysed theisargnd hearing test data of all ‘Cleft’ and ‘Ne@l patients
with cholesteatoma. No patient selection was agplidne rate of assessable audiological results dehended
on whether the patients showed up at an appropratder of follow-up visits or not.

The surgeon has followed the doctrines of the scbbear surgery marked by the name of ProfessaieBaHe
aims to apply uniform surgical techniques, whickibally means closed techniques. In cholesteatamatases
he applies combined transcanal-transmastoid apiprdde author does not perform reconstruction endteral
wall of the atticus with bone or cartilage sincedos not believe that these could resist the giergidecrease
in the pressure of the tympanic cavity. The reqoiesibn of the tympanic membrane and the removestda
bony atticus wall is carried out with temporal fasflap, but always with ‘underlay’ technique andthwthe
application of ‘pull-back’ technique, if necess#éBailey, 1976).

Ossicular chain reconstruction is carried out wittlogenous cortical bone columellae (ACBC) accardinthe
methods described by Bauer. The surgeon alwaysisldsea two-stage surgery in patients with choddetea
after a discussion with the parents.

2.3. Methods of audiological analysis

Jozsef Pytel developed a computer programme fordétailed analysis of tympanoplasty outcomes and
statistical data processing (Pytel SoftWare 20@®cording to current guidelines, pure-tone averagese
calculated by averaging the thresholds for puregat 0.5, 1, 2 and 3 kHz.

2.4. Methods of statistical analysis

In most cases, the statistical comparison of tkmtidal data of the two patient groups was perfarmth
Studentt-test (Microsoft Excel Software). When no sufficientimber of data was obtained, Mann-Whitney-
Wilcoxon test was used (SPSS Software). Ratio apalywere carried out with large-sample ‘z’ and &mal
sample ‘chi-square’f) tests.



3. Results
3.1. Surgical outcomes of mesotympanic processes

During the previously mentioned 22 years, 190 tyngpdasties were performed due to mesotympanic psase
(140 patients, 171 ears). Out of this, 159 tympétasijes were performed in the ‘NoCleft’ group (1d&ients,
144 ears) and 31 tympanoplasties in the ‘Cleftugr¢21 patients, 27 ears). The average age ofatienps was
10.8t3.8 (3.3-21.3) and 10+B (4.7-16) years respectively. Female patients weoee represented in both
groups, which means 80 female and 64 male eatmifiNbCleft’ and 16 female and 11 male ears in‘Gleft’
group. 25 ‘NoCleft’ and 6 ‘Cleft’ patients requitrsurgeries on both sides.

The graft take rate was 100%. Reperforation ocduirrealtogether 6 mesotympanic cases (3.5%) wighstime
distribution in the ‘NoCleft’ and ‘Cleft’ groups (&nd 1).

Among all ‘NoCleft'mesotympanic cases, intraopemtgrommet insertion was considered necessary Iy on
one case. In the ‘Cleft’ group, intraoperative groehd insertion was necessary in 2 cases and poatoer
grommet insertion was required in further 2 earalpatients.

Short type columella ossiculoplasty was performe@1 ‘NoCleft’ and 4 ‘Cleft’ patients during thearimary
surgery.

Due to unsatisfactory hearing improvement, shgretgolumella ossiculoplasty was carried out in 4Qheft’
and 1 ‘Cleft’ cases during a second session. Althirgery was required to achieve further heamnmgréovement
in 2-2 cases due to fixation or columella atrophyng type columella ossiculoplasty had to be penfmt on 3
‘NoCleft’ ears. No long type columella ossiculofiiagas carried out in our ‘Cleft’ patients with no&gmpanic
process therefore no comparison can be made ingyect.

3.1.1. Audiological analysis of mesotympanic procsss

In regards to hearing gain, the postoperative AB&adnsidered to be the most important indicatocesii
reflects the success or failure of our surgicarivention.

3.1.1.1. Total mesotympanic material

The average ABG improvement considering the bestgperative values was 16.54 dB in our mesotympanic
material The average preoperative ABG of 28.8 £10.92 dB owed to 12.26 +7.66 dB after the surgery. The
average postoperative ABG deteriorated by 2.87 dB tie and the last measured average postoperaBG
was 15.13+9.81 dB.

Considering our best postoperative outcomes, AB&avb20 dB were achieved in 86% of the cases etedya
with the average follow-up period being 1.6 yediaking into account the deterioration of averageGABthis
value was 79% at the last measurements. The avéolge-up period of these measurements was 3.@syea
(best/last percentages of ABGs below 20dB and spaeding average follow-up periods: ABG<20dB=86/79%
average follow- up period: 1.6/3.6 yeafsg@e Table 1)



Number | Number Preop." |, Best . Maximum |, Last . Final Postop.' fﬁl\llg\:végg
of of ABG postop. improvement postop. improvement begt/la;t ABG<20dB| period
operated | evaluated (dB) AGB (dB) ABG (dB) deterioration best/last | best/last
ears ears (%) (dB) (dB) (dB) (%) (years)
Mesotymp.
altogether | 121 | 125 (73) jgjgz g"%g 16,54 g”ﬁ 13,67 2,87 86/79 1,6/3,6
NoCleft
altogether | 101 (70) ffé?fG g:zg 15,98 155’5? 13,17 281 86/78 1,5/3,4
Cleft
altogether 27 24 (89) ffé?é f_%’%‘; 18,9 ifé,lgl 15,75 3,15 87/83 1,9/4,4
NoCleft
typel 120 83 (69) iggi g”%‘é 14,27 i‘é”gz 11,82 2,45 87/80 1,4/3,2
clefttype 23 18 (78%) 31‘8%62 fé?gg 14,4 13111?, 11,02 338 88/82 2/4,3
NoCleft
type ll 21 19 (90%) i%f’;; ig:?g 25,99 igé? 21,19 4,8 83/67 3/5,2
Cleft type
I 4 4 (100) 131‘1’,512 11421?* 29,25 gglﬁ 24,79 4.46 1001100 | 1,2/8.2

Table 1. (mesotympanic processes).The horizontal lines indicate the examined groups, vertical lines
denote the examined parameters (NoCleft=withouit plalate; Cleft=with cleft palate; type I=intactssicular
chain, type ll=short type stapes head-tympanic nramib columella). In the majority of cases, no digant
difference was found between the identical parameatkthe two groups except for the cases markéd avstar
(*) referring to cleft patients with short type cohella ossiculoplasty, where their best postopeeafABG was
significantly better than that of the ‘NoCleft’ grp.

3.1.1.2. Comparison (“NoCleft” / “Cleft”

In the following section these parameters are dsed separately in the ‘NoCleft’ and ‘Cleft’ grouipsthis
order for better comparison.

Statistically comparing the above-mentioned idemtdata of the ‘NoCleft’ and ‘Cleft’ groups, we carto the
following conclusiongsee Table 1)

There was no significant difference between the gwaups in the preoperative ABG (p=0.468), norhia best
postoperative ABG achieved (p=0.096). Similarlyge thtatistical analysis did not reveal any significa
difference in the last postoperative ABGs meas\fpe.192) or the final improvement (p=0.253). Ergal
evidence suggests that hearing results deteridrgtesome decibels even after successful tympangplast
Theoretically, we would expect more expressed pestdive deterioration in ‘Cleft’ patients due toeir
vulnerable Eustachian tube function. However, théstical analysis of our data mentioned abovenditreveal
any significant difference in the extent of post@pise deterioration between the two groups (p=6)37

3.1.1.3. Separate analyses (intact ossicular chdinolumella ossiculoplasty)

Our results were also analysed from the aspegtngbanoplasty, whether it was performed with intaggicular
chain or with columella ossiculoplasty.

3.1.1.3.1. Intact ossicular chain
Surgeries with intact ossicular chain (type I) weegformed on 120 ‘NoCleft’ and 23 ‘Cleft’ eaisee Table 1).

Statistically comparing the identical data of the tgroups, no significant difference was revealedrny of the
parameters. No significant difference was revealetsveen the two groups in preoperative ABGs (p=0),18
the maximum postoperative improvement (p=0.226)the last measured ABGs (p=0.387), or in the final
improvement (p=0.257). Postoperative deteriorati@h not show any significant difference between tive
groups, either (p=0.307).




3.1.1.3.2. Columella ossiculoplasties (“short typg”

The following section summarizes the outcomes difiroella ossiculoplasties. We have already mentichat
no long type columella ossiculoplasty was perforrimetCleft’ patients with mesotympanic processesr#fore
we can only compare the outcomes of short typencella ossiculoplasties in the two groups.

Short columella ossiculoplasty was performed on'NdCleft' ears and 4 ‘Cleft’ ears due to mesotymigan
processegsee Table 1)

No significant difference was revealed in the pexative ABGs of the two groups (p=0.766). Howebere
was a significant difference between the two groimpthe best postoperative ABGs (p=0.021) with Ibled¢ter
results measured in the ‘Cleft’ group. This is eriely surprising and it can be attributed to theeptionally
successful tympanoplasties of ‘Cleft’ patientsqgéither 4 short columella ossiculoplasties, owtloth 2 were
performed in the same patient) and to their spricttoperative follow-up.

No significant difference was revealed in the lpestoperative ABGs (p=0.088), in the final improwerh
(p=0.349) or in the extent of postoperative detetion (p=0.427) between the two groups.

3.2. Surgical outcomes of middle ear cholesteatomas

During the previously mentioned 24 years 303 tynopdasties were performed on 192 ears with cholestea
in 170 patients. In the ‘NoCleft’ group, 268 suigsron 172 ears of 151 patients and in the ‘Cigftup 35
surgeries on 20 ears of 19 patients were perforified.average age of the patients was 10.7 + 3.8 y28ad —
19.5 years) and 9.5 + 2.7 years (5.5 — 13.7 yeasgectively.

Male patients were more represented in both grol@s:male and 67 female ears and 12 male and 8dema
ears, respectively (the sex ratio was the oppadsiteur mesotympanic material). Bilateral surgerye do
cholesteatoma was necessary in 21 and 1 patiesatively.

The graft take rate of the fascia used for recoottbn was 100%. Small postoperative perforatioty on
developed in 1 ‘NoCleft’ patient.

In patients with cholesteatoma, grommet insertias wecessary in 9 ears in the ‘NoCleft’ group (Binand 6
postoperative), which means 5% and in 8 ears inChedt’ group (6 intra- and 2 postoperative) acoting for
40%. This means a significant, 8-fold differenceha ratios between the two groups (p=0,00000068).p

No significant differences were found between theo tgroups considering the starting point of the
cholesteatoma. Apart from 7 congenital cholesteatoases in the ‘NoCleft’ group, in the majoritycases (113
ears) the orifice of the cholesteatoma was founithénposterior-superior quadrant of the pars tewkde in 52
ears the starting point of the cholesteatoma wagrepanic. In the ‘Cleft’ group the cholesteatomeveloped
from the posterior-superior quadrant in 15 earsfamuh the epitympanum in 5 ears (p=0.230). Thigesponds
to the previously published data: pars tensa imeermommon starting point for cholesteatoma indzkih, while

in adults, epitympanic development from the paasdida is more frequent.

As for the extension of the cholesteatoma foundhduthe first surgery, advanced progression witbagsion to

the atticus and antrum was more common in ‘Cledtignts. In the ‘NoCleft’ group cholesteatoma wiasted

to the windows and their surroundings, the retrgtgnum and its recesses in 70 ears. Isolated atticus
cholesteatoma was found in 9 ears; cholesteatom@romising the atticus and the tympanic cavity ¥easd

in 24 ears; cholesteatoma affecting the antrumfythgpanic cavity and the atticus was revealed ire2% and
cholesteatoma affecting the mastoid area apart tft@nareas mentioned above was found in 46 cages. T
numbers of cases in the ‘Cleft’ group were 4; 17 and 5 in the same order of extension.

Although parents gave their approval to the twagastaurgery, only 83 of 172 ‘NoCleft’ ears underwém
second surgery (48%) due to parental indolencep&edion was performed in 13 cases, mainly coluamell
ossiculoplasties due to unsatisfactory hearing @avgment (displacement or atrophy of the previodaroella)

or to gain a safety inspection (residual cholesteatin stage I1).

Residual cholesteatoma was found in 32 cases dtivengew exploration (stage Il, reoperatismall pearl-like
lesions were seen in 30 cases and large residoddsteatoma in 2 cases. This means a residualstbatema
ratio of 33% regarding repeated middle ear expimnatand 18.6% regarding the total number of desurrent



cholesteatoma was found and treated in 5% of patiemdergoing a new exploration (5 cases) and iro8%dl
ears.

Stage Il surgeries were performed on 12 of 20 tCledrs (60%) and 3 ears underwent reoperationtdue
unsatisfactory hearing improvement or recurrentedteatoma. The rate of residual cholesteatoma2®@is in
‘Cleft’ patients (pearl-like lesions were found4ncases during the new exploration). This mearseaof 20%
regarding all ‘Cleft’ ears with cholesteatoma. he tCleft’ group, recurrent cholesteatoma was foiméi3% (2
cases), which necessitated the conversion to agamifjue (recurrent cholesteatoma developed in @D&dl
ears).

The results clearly show the explicit differencetlie rate of recurrent cholesteatoma between tbegnaups:
the incidence is almost threefold in the ‘Cleftogp (5% versus 13%); (p=0,219).

As mentioned earlier, we are basically dedicatedcltised techniques. However, we had to apply open
techniques on 2 ears in the ‘NoCleft’ group dueholesteatoma affecting the area of the semicirczaaals
and spreading below the facial canal close to thexaf the mastoid process. There was no hopehfr t
complete removal of the matrix in these areas.

In the ‘Cleft’ group, we had to apply or converetBurgery to open techniques in 3 cases. This wasta
extensive cholesteatoma associated with signifisansorineural hearing loss in one case, whileiindases the
reason for resorting to open technique was rectinfeslesteatoma developing due to uncontrollablgt&ahian
tube dysfunction.

The necessity for open technique showed significhfférences between the two patient groups (2/ai@
3/20); (chi-square test: p=0.0000680).

3.2.1. Audiological analysis of cholesteatomas

The most important indicator of hearing outcomesoigsidered to be the air-bone gap (ABG). ABG rtfig¢he
success or failure of our interventions. ‘Pytel tdafe’ used for data analysis only evaluates edtls the
appropriate number of audiograms.

3.2.1.1. Total cholesteatoma material

Maximum postoperative hearing improvement was 14lB5n our total cholesteatoma material. The averag
preoperative ABG of 31.7 £ 12.21 decreased to 1699.73 dB. According to the general experienbe, t
audiological outcomes of tympanoplasty deteriolatesome dBs over the years. In our material theamee
ABG was 20.07 £ 13.27 on the last measurements ffieians an average improvement of 11.63 dB compared
to the preoperative values so far. Average ABG ritettion with time was 3.12 dB. Considering thestbe
postoperative results, an air-bone gap of less 20adB was achieved in 75% of the cases. The agdmigw-

up time was 2.2 years. On the last measurememnssydlue was 66% calculating the deterioration wdrage
ABG values below 20 dB. The average follow-up tiofiche last measurements was 4 years (the ratestidst
ABG values below 20 dB and the respective followtunpes: ABG<20 dB=75/66%; average follow-up time:
2.2/4 yearsjsee Table 2)



Number Number of | Preop.' |, Best Maximum . Last Final Postop. Average follow-up
of postop. | . postop. | . best/last ABG<20dB .
evaluated ABG \ improvement \ improvement . . period best/last
operate ears (%) (dB) AGB (dB) ABG (dB) deterioration | best/last (%) (years)
d ears (dB) (dB) (dB) v
Cholest. 31,7 16,95 20,07
altogether 192 145 (76) 1221 | #1173 14,75 +13,27 11,63 3,12 75/66 2,2/4
NoCleft 31,22 17,04 19,93
altogether 172 126 (73) £12.12 | #1191 14,18 13,27 11,29 2,89 74/66 2,4/4
Cleft 34,88 16,4 20,98
altogether 20 19 (95) +1234 | +104 18,48 1321 13,9 4,58 83/67 1,3/4,1
NoCleft 23,88 11,83 13,21
type | 61 43 (70) +10,68 6,9 12,05 +6.33 10,67 1,38 92/90 1,4/2,3
Cleft type 29,85 13,62 15,97
| 5 5 (100) 716 4,92 16,23 +5.47 13,88 2,35 100/80 0,6/1,9
NoCleft 32,88 14,69 17,98
type Il 59 50 (85) 1154 | +7.97 18,19 198 14,9 3,29 80/70 2,6/4,6
Cleft type 35,57 12,77 17,51
" 11 11 (100) +1434 | 1518 22,8 1122 18,06 4,74 90/81 1,8/3,8
NoCleft 37,56 23,65 30,27
type Il 25 22 (88) 1857 | +1414 13,91 +15,87 7,29 6,62 54/31 2,3/4,2
Cleft type 36,12 27,12 38,75
i 2 2 (100) +4 85 9 +7 -2,63 11,63 50/0 0,6/13,3
NoCleft 34,61 17,76 21,82
Columell. 84 72 (85) $1115 | 1132 16,85 13,39 12,79 4,06 70/57 2,5/4,5
Cleft 35,66 14,98 20,77
Columell. 13 13 (100) 11328 | +789 20,68 +1317 14,89 5,79 83/68 1,6/5,2

Table 2 (cholesteatoma).The horizontal rows refer to the examined groups,dolumns contain the examined
parameters (‘NoCleft’: without cleft plate; ‘Cleftvith cleft palate; type I: intact ossicular chaitype Il: short-
type, stapes head — tympanic membrane columelbe Ity: long-type, stapes footplate — tympanic memb
columella; Columell.: any columella type). Sigrdfit difference cannot be revealed in the identical
audiological values of the two groups.

3.2.1.2. Comparison (“NoCleft” / “Cleft")

The same parameters are discussed below separatbly same order in the ‘NoCleft’ and ‘Cleft’ gimaifor
better compariso(see Table 2)

The statistical comparison of the data of the twaugs revealed the following results. There wasigaificant
difference in preoperative ABGs (p=0.058) or in thest postoperative ABGs (p=0.499). Similarly, no
significant difference was revealed between the gwaps in the last postoperative ABGs measure@.g98)
or in the final hearing improvement (p=0.193). Asrtioned earlier, hearing outcomes deteriorateolnyesdBs
with time even after successful tympanoplasty. Tégcally, we would assume that this deteriorati®more
expressed in patients with cleft palate due tortheinerable Eustachian tube function. However, stadistical
analysis of our data did not reveal any significaifference between the two groups in the extent of
postoperative ABG deterioration (p=0.117).

3.2.1.3. Separate analyses (intact ossicular chdinolumella ossiculoplasty)

We performed separate analyses of tympanoplasttesmact ossicular chain and the surgeries incgaghort-
or long-type columella ossiculoplasty.

3.2.1.3.1. Intact ossicular chain




Altogether 61 ‘NoCleft’ ears were operated on witkact ossicular chain, out of which 43 ears hadugh
follow-up audiograms for software evaluation. OBI{Cleft’ ears were operated on with intact ossacuhain at
the end of the surgefgee Table 2)

The statistical comparison of the identical dathrbt reveal significant differences in any of gaameters: for
preoperative ABG p=0.097, for postoperative ABG 289, for the last ABG measured p=0.176, for
postoperative ABG deterioration p=0.311, for thafimprovement p=0.247.

3.2.1.3.2. Columella ossiculoplasty

The following section compares the results of stiegewith columella ossiculoplasties regardlestheftype of
the ossiculoplasty (short- or long-type).

Ossicular chain reconstruction was carried outdirfN®Cleft’ and 13 ‘Cleft’ eargsee Table 2)

The statistical comparison of the identical dataeafs with columella ossiculoplasty did not revealy
significant difference in any of the parameters: pieeoperative ABG p=0.278, for the best postopezadBG
p=0.271, for the last ABG p=0.458, for postopemrtideterioration p=0.231 and for the final hearing
improvement p=0.292.

3.2.1.3.2.1.Short type columella ossiculoplasty

We examined the results of ears with short- andy-type ossiculoplasty comparing the outcomes in the
‘NoCleft’ and ‘Cleft’ groups.

In the ‘NoCleft’ group 59, in the ‘Cleft’ group 14hort-type columella ossiculoplasties were perfarfeee
Table 2).

No significant difference was revealed in any &f garameters with statistical methods. For prediveraalues
p=0.184, for the best postoperative values p=0.386the last ABG measured p=0.256, for postopeeati
deterioration p=0.235 and for the final improvemegn0.376.

3.2.1.3.2.2. Long type columella ossiculoplasty

In general, the outcomes of long-type ossiculoplast far below those of short-type ossiculoplastye stapes
footplate — novomembrane columella cannot physiotdly replace the original chain consisting ofjisi. The
chronic suppurative process (with or without cht@atoma), which destroys the superstructure ofsthpes,
probably impairs the mobility of the stapes footplas well. This is supported by the fact that kyme

columella ossiculoplasty with stapedectomy leadsetiter outcomes.

Long-type columella ossiculoplasty was performe@5riNoCleft’ and only 2 ‘Cleft’ ear¢see Table 2)

The statistical comparison of the identical pararsetid not reveal and significant difference iis trespect,
either. For preoperative ABG p=0.463, for the hmsttoperative ABG p=0.266, for the last postopeeaiBG
p=0.130, for postoperative deterioration p=0.18d fam the final hearing improvement p=0.419.

4. Discussion
4.1. Discussion (mesotympanic processes)
In our study, the graft take rate was 100% anddtes of reperforation was 3.5% in both groups.

No significant difference was revealed betweentie groups in hearing results neither in the preaipee and
best postoperative ABGs, nor in the results of lds# measurements. Similarly to the data in Garadmet
Dornhoffer’s study, the postoperative values okfClpatients were often better (although not digantly) than
those of ‘NoCleft’ patients. In our study, we maaeeparate comparison of the final hearing resuits the
extent of postoperative deterioration in the twougrs and the outcomes of ‘Cleft’ patients did nave to be
significantly worse in these respects, either.

We find it outstanding that after short type collim@ssiculoplasties, the best postoperative ABGthe 4
‘Cleft’ ears were significantly better than thosketloe ‘NoCleft’ group. Besides the low number ofrnella
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ossiculoplasties in the ‘Cleft’ group, this can lpsbly be attributed to their successful surgeried strict
follow-up.

The average follow-up period of our patients exeeke8 years. Unfortunately, some of the patientsndidshow
up at control examinations because they no longdrdomplaints and due to their dry ears achievesupgery,
their parents became less worried about their pusly ‘runny ear’ children.

In our study, the ratio of ‘Cleft’ and ‘NoCleft’ piants was 1:5. However, only one intraoperativengmet
insertion was necessary in the ‘NoCleft’ group, l&hin the ‘Cleft’ group, 2 intra- and 2 postopevati
ventilation tube insertions were performed. Congidethese ratios we can state that the necessitgrobmmet
insertion is more likely to arise in patients witleft palate, or at least it is in our practice @B900; p0).

4.2. Discussion (cholesteatomas)

The incidence of cholesteatoma in children is 38/@00 in the general population, however, in pdsievith
cleft palate the incidence is higher, usually aldo8t9.2%. In our material this value is 3.2%, whiorresponds
to the data published by Vincenti et al.

The starting point of the cholesteatoma may algdaiéx the higher incidence of residual cholestea@@inserved
in children after the surgery. It is well-known thhe epitympanic starting point from Shrapnell’smbrane is
more common in adults. In children, the most commatamting point is the posterior-superior quadrmainthe
pars tensa. This creates favourable conditionstHerexpansion towards the windows, to the neighbgur
retrotympanic area and to its recesses, which Hfieult to reach surgically. We completely agredtiwthe
authors supporting the application of pre-planneat-$tage surgery in the case of closed technidstage 1l or
the ‘second look’ allows for the early detectiondaremoval of residual cholesteatoma and createterbet
conditions for the necessary columella ossiculdplas

Adequate Eustachian tube function is one of thedetgrminants of the success of tympanoplastyabsence
results in invagination cholesteatoma and it is ni@st important factor in the development of postafive
recurrent cholesteatoma. Before surgery we muswveyy possible option for the restoration of Ecisian tube
function.

When it cannot be ensured preoperatively, Eustachidoe dysfunction can be prevented by post- or
intraoperative ventilation tube insertion.

In children with cleft palate, Eustachian tube dysfion is considered to be the result of the amabinsertion
of the tensor veli palatine muscle. In infants wifleft palate, the incidence of insufficient Eustan tube
function is nearly 100%.

The different cleft palate repair techniques (tensgali palatini preservation, transection and teami®n with
tensor tenopexy) do not really influence the natg$sr grommet insertion. Nevertheless, in the onidy of
cases Eustachian tube function recovers some ydtmsthe cleft palate surgery. Different studiesntion
different ages between 5 and 14 years for the astiopl of this process. Our experience suggestshimage is
between 7 and 8 years.

We consider the Valsalva manoeuvre the simpleshoaefor the routine evaluation of Eustachian tulrecfion.
Our experience suggests that children are capdblmaerstanding and performing the Valsalva manoeuv
since the age of 5.

Earlier studies report poor outcomes of the tympéasiies of cleft patients. The low number of mogeent
studies published on this topic reflects a morénaigtic view.

Our audiological results were analysed in detaildomparison. Although the preoperative ABG waglgly
worse in the ‘Cleft’ group, the difference was sanificant. Considering audiological outcomes,significant
difference was found between the two groups inother examined parameters including the best pesitipe
ABG, the last postoperative ABG, postoperative detation and final hearing improvement.

The average follow-up time of our last ABG valuesswl and 4.1 years. No significant difference veagaled
in the ‘final’ hearing improvement achieved so the values were 11.29 dB and 13.9 dB in favouhefCleft’

group.



We found residual cholesteatoma in 33% of ‘NoClefitd in 27% of ‘Cleft’ patients during ‘second léok
surgeries and revisions. For the complete patiettérial these percentages were 18.6% and 20%.

On the other hand, explicit difference was foundhia rates of recurrent cholesteatoma betweenmbetoups.
During revision, recurrent processes were fourisPinof ‘NoCleft’ and 13% of ‘Cleft’ patients (p=0,2L

Significant difference was revealed in the necgdsit grommet insertion between the two groupssTheans
an 8-fold difference in the rate of grommet ing@r§ (p=0,00000068).

Similarly, the need for the application of openhtigiques showed significant differences betweertwiregroups
(p=0,000069).

We should consider the fact that after the tymp&astp of patients with cleft palate Eustachian tobsetruction
may develop rapidly even after years of adequatdehnian tube function and good anatomical andtimal
results, which immediately destroys the achievettamues and we have to resort to revision with open
techniques.

The facts that in the majority of patients withftlpalate and cholesteatoma Eustachian tube fumctém be
restored and closed techniques applied in the genmmapulation usually lead to definitive recoverythw
advantageous ‘swim-proof’ ears, give reason fomaigm.

5. Conclusion / Summary

Considering the original question of our study, @@ conclude that the expectable audiological onésoof
tympanoplasty in children with cleft palate do s@nificantly differ from those of patients withocieft palate
regarding mesotympanic and cholesteatomatous meses

However, the ‘price’ of these results is the sigaifitly more frequent grommet insertion.

The main advantage of patient management in theensorks of the ‘Cleft Palate Team’ is that this wagft
patients are ‘more visible’ due to the common su&n of different disciplines than patients withccleft
palate. This allows for the earlier and more frequetection of new Eustachian tube dysfunctiord t#ueir
adequate prevention as well.

We have to accept that in some cases Eustachiardzgfunction caused by the underlying diseasdt (zddate)
‘takes over’ and we have to resort to open tectesqu

We would like to underline that in patients witleftlpalate, Eustachian tube obstruction may oceen after
long years of normal functioning after tympanopfastd we have to resort to open techniques.

Summary of novel results

e Surgical and audiological outcomes of cholesteatoma and non-cholesteatoma cases are discussed
separately (previously published articles, with a few exceptions, discuss these issues together).

¢ Not only the audiological results are evaluated and compared, but also some other, associated clinical
references: grommet demand, prevalence of residual and recurrent cholesteatomas, need for another
surgery type; i.e. a complex approach of evaluation is aimed at.

e Regarding the audiological results, interventions associated with intact ossicular chain and different
types of ossicular chain reconstruction are discusses separately.

e Detailed (average, deviation, distribution), well-demonstrated and clear-cut results are shown, due to
the Pytel SoftWare, primarily.

¢ Results of surgeries performed on cleft patients with ear disorders are demonstrated in a significantly
higher number than those published in previous articles.

e Advantages of treating cleft patients in a “Cleft Palate Team” are emphasised.

* No significant differences have been detected in the short and long-term audiological outcomes of
cleft and non-cleft patients regarding tympanoplastic surgeries performed in children.

e To reach this aim, more frequent grommet insertion is needed in vulnerable cleft patients in
mesotympanic cases and cholesteatomas.
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