
               
                                
                                     

Function-Preserving Therapy for Jugulotympanic
Paragangliomas: A Retrospective Analysis from 2000 to 2010
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Objectives/Hypothesis: Treatment for jugulotympanic paragangliomas (JTPs) is shifting from radical toward function-
preserving surgery. Alternative primary treatments are available, such as stereotactic radiotherapy (SRT) and radiosurgery.
The aim of this study was to analyze the results after primary function-preserving surgery with or without adjuvant radio-
therapy, or primary SRT, in the treatment of JTPs.

Study Design: Retrospective analysis.
Methods: From 2000 to 2010, 45 patients (mean age, 62.5 years) received function-preserving treatment for JTPs—four

type A paragangliomas (8.9%), 19 type B (42.2%), 13 type C (28.9%), and nine type D (20%) in the Fisch classification. The
patients were retrospectively assigned to three groups: primary function-preserving surgery, primary stereotactic radiother-
apy, and close follow-up. The end points for analysis were long-term tumor control, cranial nerve function, and hearing.

Results: A total of 64.4% of the patients (n ¼ 29) received primary surgery, with complete resection in 18. Eleven
patients had surgical tumor reduction, with fractionated postoperative radiotherapy (mean 53.5 Gy; range, 50–56 Gy) in five
cases and radiosurgery (18 Gy) in one case; five patients received close follow-up. Twelve patients (26.7%) underwent pri-
mary radiotherapy (11 with SRT [mean, 50 Gy]; one with radiosurgery [16 Gy]). Four patients (8.9%) received a wait-and-
scan strategy. The mean follow-up was 46.8 months. The overall tumor control rate was 97.2%.

Conclusions: With these high tumor control rates, consistent with the literature, function-preserving therapy for JTPs
currently appears to offer the greatest benefit for patients.

Key Words: Paraganglioma, glomus tumor, lateral skull base, foramen jugulare.
Level of Evidence: 2b.

                               

INTRODUCTION
Paragangliomas in the head and neck region are

highly vascularized tumors that in the majority of cases
are benign. The incidence is two to five times higher in
women. The age at manifestation is between 40 and
60.1,2 Paragangliomas only show histopathological signs
of malignancy or metastases to nonendocrine tissue in
approximately 3% of cases. The mean tumor doubling
rate is 4.2 years.3 Overall, the lesions represent 0.6% of
all tumors in the head and neck region and 80% of
tumors in the jugular foramen.4 Jugulotympanic para-
gangliomas (JTPs) are thus the most frequent
neoplasms in the middle ear and the second most fre-
quent in the region of the petrous bone.

There has been intensive debate over the various
treatment options ever since Rosenwasser’s first
description of JTPs as a carotid body tumor of the
middle ear.5 The treatment of choice is moving away
from radical resection toward surgical tumor reduction
aimed at preserving function.6,7 Local control of any
residual tumor can be achieved using postoperative
stereotactic radiotherapy (SRT), or conservatively with
a wait-and-scan strategy. Alternative primary treat-
ment options, depending on the individual situation
(e.g., age, comorbidity, multifocal lesions, and risk of
injury to cranial nerves [CNs]), include SRT (50–60
Gy) or radiosurgical procedures such as the gamma
knife or CyberKnife (Accuray, Sunnyvale, CA) (12–18
Gy).8,9 The complex anatomy of the skull base and the
highly vascularized nature of these tumors are a seri-
ous challenge for surgeons even today, although the
further development of microsurgical operating techni-
ques has also made complete removal of large JTPs
possible.10–13 Various surgical access routes have been
described in the literature, such as the widely used
infratemporal access route pioneered by Fisch
et al.7,14–20

The aim of the present study was to analyze our
own results with primary function-preserving surgery
with or without adjuvant radiotherapy or primary SRT
in the treatment of JTPs.
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MATERIALS AND METHODS
A total of 45 patients with JTPs were treated with func-

tion-preserving intent in the Department of Ear, Nose and
Throat Medicine and the Department of Radiotherapy at Erlan-
gen–Nuremberg University Hospital between 2000 and 2010.
The patients consisted of 10 males (22.3%) and 35 females
(77.7%), with an average age of 62.5 years (range, 35–85 years).
The JTPs were categorized in accordance with the Fisch classi-
fication as follows: type A, 8.8% (n ¼ 4); type B, 42.2% (n ¼ 19);
type C1, 24.4% (n ¼ 11); type C3, 4.4% (n ¼ 2); type De1, 6.6%
(n ¼ 3); type De2, 6.6% (n ¼ 3); type Di1, 2.2% (n ¼ 1); and
type Di2, 4.4% (n ¼ 2) (Tables I and II).

Clinical examinations of the CNs were carried out both
before and after treatment, in addition to endoscopic examina-
tions and pure-tone audiography. Before the start of treatment,
all of the patients underwent detailed vestibular nerve diagno-
sis. Facial nerve function was classified in accordance with the
House-Brackmann system.21 For further diagnosis, computed
tomography (CT) and magnetic resonance imaging (MRI) of the
head and neck region were carried out in addition to ultraso-
nography. Preoperatively, digital subtraction angiography was
carried out in most cases in JTPs that were size B or larger.
Embolization of the afferent vessels was carried out during this
procedure when possible. Preoperative catecholamine analyses
were not part of the routine diagnostic program. No clinical
signs of increased secretion of neuropeptides or vasoactive
amines were present in any of the cases.

For further analysis, the patients were retrospectively
assigned to three groups relative to the different treatment proce-
dures used. The first group consisted of patients in whom a
surgical procedure was basically indicated with the aim of achiev-
ing resection of the JTP with healthy margins. When CN paresis
was already evident preoperatively, the surgical procedure was
more radical than when the caudal CNs were still intact. Follow-
ing function-preserving tumor reduction, postoperative SRT was
indicated depending on other factors present, such as the patient’s
age, comorbid conditions, and the size of the tumor.

The second group consisted of patients in whom primary
SRT was carried out. The indication for primary radiotherapy
was established particularly when a surgical procedure was

likely to involve a high risk of damage to intact CNs. In addi-
tion, the indication depended on the patient’s age and
concomitant diseases, and the patient’s wishes and preferences
were also taken into account.

The third group consisted of patients with smaller type A
or B JTPs, who were reluctant to undergo treatment in view of
their general lack of symptoms. They were initially assigned to a
tight follow-up schedule representing a wait-and-scan strategy.

MRIs were carried out at annual check-ups. In addition to free-
dom from recurrences, criteria for successful tumor control following
primary surgical procedures included a postoperatively stable resid-
ual tumor or a progression-free primary lesion following primary
SRT. Group 3 was not included in the tumor control analysis.

Auditory function analysis was carried out by calculating
the medians of differences at four frequencies (500 Hz, 1,000
Hz, 2,000 Hz, and 4,000 Hz) between the preoperative and post-
operative air-conduction and bone-conduction audiograms.

Statistical analysis was carried out using SPSS Statistics
version 19.0.0.1 (IBM, Armonk, NY). Group comparisons relative
to a target variable were carried out using the Pearson v2 test
and the Kruskal-Wallis test. The significance level was P � .05.

Surgical Access Routes
Three different surgical access routes were basically used.

Depending on the location and size of the JTP, a classic tym-
panic access route was used for types A and B, with additional
mastoidectomy and tympanotomy if necessary. In type C and D
JTPs, or when CN pareses were already present preoperatively,
the standard approach used was a transmastoid–transcervical
(TMTC) route. In the procedure described by Glasscock et al.,
this involved enlarging the retroauricular–transmastoid access.
As well as making it possible to check structures in the jugular
foramen and posterior cranial fossa, this also makes it possible
to expose the internal carotid artery, internal jugular vein, and
the cervical course of the caudal CNs.22 A Fisch anterior trans-
position of the mastoid part of the facial nerve was carried out
in two cases.23 Finally, depending on the intraoperative find-
ings, combinations or modifications of the surgical access routes
described by Fisch and Al-Mefty et al. (types A–D) were used
when needed.7,10 If reconstruction of the facial nerve was neces-
sary, it was done in the same session using a bridging graft
from the great auricular nerve.

Planning and Implementation of Radiotherapy
The radiotherapy methods used involved either fractio-

nated SRT or radiosurgery. All but one of the patients received

TABLE I.
The Fisch Classification of Jugulotympanic Paragangliomas.

Class Characteristics

A Limited to mesotympanum (glomus tympanicum)

B Limited to hypotympanum, mesotympanum, and
mastoid with/without erosion of the jugular bulb
(glomus hypotympanicum)

C Involvement and destruction of infralabyrinthine and
apical compartments

C1 No invasion of vertical carotid canal; destruction of
the jugular foramen

C2 Invasion of vertical carotid canal between foramen and
bend

C3 Invasion along horizontal carotid canal

C4 Invasion of foramen lacerum and along carotid canal
into cavernous sinus

D Intracranial extension

De1 �2-cm dural displacement

De2 >2-cm dural displacement

Di1 �2-cm intradural extension

Di2 >2-cm intradural extension

Di3 Inoperable intracranial invasion

TABLE II.
The Fisch Classification of Jugulotympanic Paragangliomas for

the Individual Groups in the Present Study.

Fisch
Classification

Group 1,
Surgery, n ¼ 29,

No. (%)

Group 2,
SRT, n ¼ 12,

No. (%)

Group 3,
Wait and Scan,
n ¼ 4, No. (%)

A 2 (6.9) 1 (8.3) 1 (25)

B 13 (44.8) 3 (25) 3 (75)

C1 4 (13.8) 7 (58.3) —

C3 2 (6.9) — —

De1 3 (10.3) — —

De2 3 (10.3) — —

Di1 1 (3.4) — —

Di2 1 (3.4) 1 (8.3) —

SRT ¼ stereotactic radiotherapy.
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radiotherapy in a Novalis Shaped Beam Surgery Center (Brain-
lab Ltd., Feldkirchen, Germany). Another patient underwent
gamma-knife irradiation at an outside radiotherapy department
at his own request. For radiotherapy planning, all of the
patients underwent contrast MRI (with a slice thickness of 1–3
mm) as well as receiving individually prepared thermoplastic
stereotactic masks and a planning CT with a slice thickness of
1 to 2 mm. Using the Novalis Brain Scan planning system, MRI
and CT data were fused for contouring of the target volume
(a macroscopic tumor with a safety margin of 2–3 mm). The
dosage was standardized to the reference point (in accordance
with the International Commission on Radiation Units & Meas-
urements Report No. 50); individual doses of 1.8 to 2.0 Gy,
conventionally fractionated, were administered up to a final
dosage of 50 to 56 Gy. Dosages of 12 to 18 Gy were adminis-
tered in radiosurgery.

RESULTS
A reddish, gleaming, or pulsating space-occupying

lesion in a hypotympanic location was seen on otoscopy
in 95.5% of cases (n ¼ 43). The most frequent symptoms
reported were pulsatile tinnitus in 91.1% of cases (n ¼
41) and hypoacusis in 75.5% of cases (n ¼ 34). Facial
nerve paresis was seen before treatment in 4.4% of the
patients (n ¼ 2) and paresis of the glossopharyngeal
nerve (CN IX) in 6.6% (n ¼ 3). Paresis of the vagus
nerve (CN X) and of the hypoglossal nerve (CN XII)
were each present in 11.1% (n ¼ 5).

Tumor resection was carried out via a classic tym-
panic access route in 41.4% of cases (n ¼ 12), via an
additional mastoidectomy with anterior and posterior
tympanotomy in 13.8% of cases (n ¼ 4), and via a TMTC
access route in 44.8% of cases (n ¼ 13). Overall, anterior
transposition of the facial nerve was only carried out in
6.8% of cases (n ¼ 2). Procedure-related tracheotomy
was not required in any cases. An intraoperative cere-
brospinal fluid fistula occurred in seven cases (type B, n
¼ 1; type D, n ¼ 6), and was treated directly with mus-
cle, fascia, or fat transplants in each case. Temporary
cerebrospinal fluid drains were also placed in five of
these patients. In one case, a mastoid revision was car-
ried out during the course of treatment to close a
persistent cerebrospinal fluid fistula.

Preoperatively, 11 cranial nerve deficiencies (CNDs)
were present in a total of six patients. Postoperatively,

this figure increased to 18 CNDs in a total of seven
patients. Five of these patients had peripheral facial
nerve paresis (House II, n ¼ 2; House IV, n ¼ 1; House
VI, n ¼ 2). The surgical procedure thus led to an
increase in CNDs by 63.3%. In one patient with pareses
in the jugular CN group, temporary nutrition via a per-
cutaneous endoscopy gastrostomy became necessary due
to marked dysphagia. The precise distribution of JTPs in
accordance with the Fisch classification in the individual
groups and the frequencies of preoperative and postoper-
ative clinical symptoms are shown in Tables II and III.
A detailed listing of pretreatment and post-treatment
CN function and its course is presented in Tables IV
and V.

Primary Surgical Therapy
Complete tumor removal. A total of 29 patients

(64.4%; seven males, 22 females) underwent primary
surgery, with macroscopically complete tumor removal
in 18 cases (mean age, 58.7 years; range, 38–80 years).
The mean follow-up period was 56.5 months (range, 3–
107 months), although three patients were lost to follow-
up. In one female patient with a progressive recurrence,
neither a revision procedure nor postoperative SRT have
yet been carried out, due to progressive Alzheimer’s dis-
ease. In another case, surgical revision due to a
progressive recurrence was carried out. A recurrence-

TABLE III.
The Frequencies of Preoperative and Postoperative Symptoms Relative to the Individual Groups.

Group 1, Surgery, No. (%) Group 2, SRT, No. (%)

Preoperative Postoperative Preoperative Postoperative
Group 3, Wait and Scan,

No. (%)

Tinnitus 25 (86.2) 7 (24.1) 12 (100) 9 (75) 4 (100)

Hypoacusis 21 (72.4) 19 (65.5) 11 (91.6) 10 (83.3) 2 (50)

Vertigo 6 (20.7) 2 (6.9) 4 (33.3) 3 (25) —

Dysphagia 2 (6.9) 3 (10.3) — 1 (8.3) —

Dysphonia 3 (10.3) 5 (17.2) — — —

Ear pressure 6 (20.7) 5 (17.2) — — 3 (75)

Otalgia 3 (10.3) — 2 (16.6) — —

SRT ¼ stereotactic radiotherapy.

TABLE IV.

Distribution of Preoperative and Postoperative Cranial Nerve Defi-
cits in the Two Treatment Arms.

CND

Group 1, Surgery Group 2, SRT

Preoperative Postoperative Preoperative Postoperative

CN VII 2 5 — 1

CN IX 2 3 1 2

CN X 4 5 1 1

CN XI — 2 — —

CN XII 3 3 2 2

Total 11 18 4 6

CND ¼ cranial nerve deficit; SRT ¼ stereotactic radiotherapy; CN ¼
cranial nerve.
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free course has since been observed in this patient for 6
years. All of the other patients remained free of recur-
rences up to the time of data collection. The tumor
control rate following complete resection was thus
93.3%.

Tumor reduction with or without postoperative
SRT. Maximum tumor reduction was achieved in 11
patients (mean age, 58.2 years; range, 35–75 years). In
most cases, these were older patients in whom a small
amount of residual tumor in the area of the internal
carotid artery or jugular cranial nerve group was left
in order to preserve function. Postoperative SRT was
indicated in six patients (mean age, 62 years; range, 37–
75 years). In a 37-year-old female patient with unremark-
able neurologic findings, postoperative SRT was carried
out at the patient’s own urgent request, following a macro-
scopic resection with healthy margins for a size B JTP.
Postoperative SRT was administered in fractionated doses
in five cases (mean, 53.5 Gy; range, 50–56 Gy) and in one
case with radiosurgery (18 Gy). The mean follow-up period
was 42.7 months (range, 11–95 months). A total of five
patients (mean age, 53.6 years; range, 35–71 years)
declined the postoperative radiotherapy offered, and tight
check-up examinations were agreed for the follow-up pe-
riod. In these patients, the mean follow-up period was 49.4
months (range, 3–116 months). Independently of whether
or not postoperative radiotherapy was carried out, imag-
ing findings have shown progression-free residual tumors
in all cases to date. The tumor control rate in these
patients was thus 100%.

Primary Radiotherapy
Primary SRT was indicated in 26.7% of the patients

(n ¼ 12; two males, 10 females). Their average age was
70 years (range, 38–85 years). SRT was carried out on a
fractionated basis in 91.6% of these patients (n ¼ 11).
The mean radiation dose administered was 50 Gy
(range, 32–54 Gy). Radiosurgical treatment was admin-
istered in one case (gamma knife, 16 Gy). Before
treatment, four CNDs were identified in a total of two

patients. Pareses in the jugular cranial nerve group
were found in one patient with a type C1 lesion before
the start of treatment. This female patient declined sur-
gery. During the course of SRT, acute dyspnea
developed, requiring tracheotomy, so that the SRT had
to be interrupted at a total dosage of 32 Gy. This patient
also withdrew from follow-up. However, it can be
assumed that the existing CNDs persisted even after
treatment was interrupted. In summary, six CNDs were
seen after treatment in a total of four patients. The
number of CNDs observed thus increased overall by
33.3% (Tables IV and V). Two patients withdrew from
follow-up. In 10 patients, the mean follow-up period was
37.5 months (range, 4–85 months). A stable primary
lesion was seen in 70% of cases during the course, and
regression in the size of the primary lesion was seen in
30%. The tumor control rate following primary radio-
therapy was thus 100%.

Patients Without Therapy (Wait and Scan)
A wait-and-scan strategy was followed in four

patients (8.9%; one male, three females). The patients’
mean age was 69 years (range, 50–81 years). No CNDs
were present at the time of diagnosis. All of the patients
were largely free of symptoms and have so far declined
treatment. One patient died independently of the tumor,
with no evidence of tumor progression. No tumor pro-
gression was seen in this group up to the time of data
collection, with a mean follow-up period of 35.6 months.

In summary, the median follow-up period in all
groups was 46.8 months (range, 3–116 months),
although five patients were lost to follow-up. The overall
tumor control rate in the study patients was 97.2%.

Hearing
For assessment of hearing after the completion of

each treatment in groups 1 and 2, the medians of differ-
ences (D) between the pretreatment and post-treatment
bone-conduction and air-conduction audiograms at four
frequencies from 500 Hz to 4 kHz were calculated. The

TABLE V.
Course in Patients With Post-Treatment Cranial Nerve Deficits.

Fisch Classification Age, yr Preoperative Status Treatment Postoperative Status

B 66 CN VII (House IV) TMTC, great auricular nerve CN VII (House II)

B 73 Asymptomatic SRT CN IX

C1 45 CN X TMTC, anterior transposition CN X, IX, XI, XII

C1 69 CN IX, CN X, CN XII SRT CN IX, X, XII

C1 69 Asymptomatic TMTC þ gamma knife CN XI

C1 38 Asymptomatic Gamma knife CN VII (House IV)

De1 70 CN VII (House IV), CN X TMTC þ SRT CN VII (House VI), X

De2 64 CN IX, X, XII TMTC CN VII (House II), IX, X, XII; PEG

De2 35 CN XII TMTC, great auricular nerve CN VII (House VI with eyelid weight), X, XII

Di2 78 CN XII SRT CN XII

Di2 71 CN IX, X, XII TMTC, anterior transposition CN VII (House IV), IX, X, XII

CN ¼ cranial nerve; TMTC ¼ transmastoid–transcervical (route); SRT ¼ stereotactic radiotherapy.
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results are shown in the graphs in Figures 1 and 2.
Overall, 32 patients (71.1%) reported subjective hypoacu-
sis before treatment (Table III). Following primary
surgery, three of 18 patients with preoperative hypoacu-
sis reported subjective hearing improvement, ranging up
to normal hearing. Only one patient, in group 1,
reported a newly developed impairment of hearing. After
the completion of primary SRT, only one patient
reported subjective hearing improvement.

Due to the small sizes of the groups and above all the
difference in sizes between the two treatment groups, it
was not possible to carry out any statistical tests assuming
a normal distribution. However, a nonparametric test (the
Kruskal-Wallis test) showed no significant differences with
regard to auditory function between groups 1 and 2.

DISCUSSION
Treatment for JTPs should ensure a high level of

tumor control and should maintain function in CNs VII
to XII. As far as possible, an attempt should also be
made to preserve hearing. During treatment planning,
the risks of surgery have to be weighed critically in com-
parison with the natural growth behavior of JTPs. To
date, various surgical access routes in the lateral skull
base have been developed to reduce the morbidity associ-
ated with the operation.15,18,23–25 Jackson et al. and
Watkins et al. report mortality rates of 0% to 4% after
surgical treatment.26,27 It is generally accepted that
there is an absolute indication for a primary surgical
procedure when patients are suffering from neurological
effects of expansive tumor growth such as raised intra-
cranial pressure or hydrocephalus.28 The degree of long-
term tumor control achieved with radiotherapy has often
been questioned, on the assumption that it causes tumor
necrosis not by directly destroying tumor cells, but
rather through fibrosis and occlusion of the tumor’s ves-
sels.27,29 According to Mumber and Greven, vital tumor
cells can lead to recurrences even 10 years after the
completion of radiotherapy.30 On the other hand, Spector
et al. and Hawthorne et al., among others, have demon-
strated good local control after radiotherapy.31,32 Several

studies in recent years have shown that SRT is effective
in postoperative and also in primary therapy for
JTPs.2,33,34 In general, SRT is considered to be indicated
in older symptomatic patients or in situations in which
there is a high risk of damaging intact CNs. Various
authors have reported tumor control rates of 76% to
100% after SRT.9,35–37 Despite the good results obtained
with radiotherapeutic procedures, limitations of the
method have also been reported in the literature. These
include unclear tumor histology, the need for rapid reduc-
tion of the tumor mass when there are CN symptoms,
tumor sizes larger than 3 cm, and tumor spread to below
the base of the skull.2,37 It has also been reported that
there is a risk of rare but severe radiation-induced long-
term sequelae, such as osteoradionecroses and radiogenic
secondary malignancies in the irradiation field.38

In the patients included in the present study, a com-
bined procedure with limited surgery and postoperative
SRT was used in six cases to preserve nerve function. This
achieved a reduction in symptoms while maintaining a low
risk to major CNs. Miller et al. also regard the combination
of surgery and postoperative radiotherapy as highly promis-
ing for treatment of JTPs in the future.34,39

Ivan et al. and Springate et al. report tumor control
rates of 86% with a primary surgical procedure,40,41 69%
with subtotal tumor resection,40 71%40 to 90%41 with a
combined procedure involving subtotal resection and ad-
juvant SRT, and 93%41 to 95%40 with primary SRT. The
results of the present study are quite comparable with
these data, with local control in 93% to 100% of cases,
taking into account the relevant follow-up intervals and
heterogeneous tumor sizes.

Ivan et al. analyzed the data from 46 publications,
in which the great majority of JTPs treated were size C
and D, with regard to the rate of post-treatment CNDs
after surgical treatment or SRT. Increases in paresis
postoperatively were seen in CN IX in 38% of cases, in
CN X in 26%, in CN XI in 40%, and in CN XII in 18%.
After SRT, the rates were much lower, at 9% to 12%.
The authors concluded that the higher morbidity in the
caudal CNs following surgical treatment is not associ-
ated with increased tumor control, and that SRT thus

Fig. 1. Medians of differences in pretreatment and post-treatment
bone conduction (sensorineural hearing loss [DSHL]) from 500 Hz
to 4 kHz (x-axis) relative to the different treatment methods used.
OP (blue) ¼ surgery; RT (green) ¼ radiotherapy). [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary. com.]

Fig. 2. Medians of differences between pretreatment and post-
treatment air conduction (conductive hearing loss [DCHL]) from
500 Hz to 4 kHz (x-axis) relative to the different treatment meth-
ods used. OP (blue) ¼ surgery; RT (green) ¼ radiotherapy). [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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appears to be superior to primary surgical treatment,
taking the current follow-up intervals into account.40 In
the present study, an increase in CNDs of 64% was
observed after surgical procedures in comparison with
the preoperative status, although in contrast to Ivan
et al., facial nerve pareses are also included in that fig-
ure. When only the caudal cranial nerve group is
included, the postoperative increase in pareses observed
was 30.8%, which again is quite comparable with the lit-
erature data mentioned above. The number of pareses
observed in the caudal CN group increased by 25% after
SRT. There was thus a trend in the present group of
patients toward less CN morbidity after SRT in compari-
son with a primary surgical procedure, with a similar
degree of tumor control.

A study by Cosetti et al. reports on three patients
who showed no tumor growth over periods of up to 33
years without therapy.42 Particularly in largely asymp-
tomatic patients with small JTPs who are reluctant to
undergo treatment, or in patients at an advanced age, a
wait-and-scan’’ strategy may be justifiable. Four of the
patients in the present study have not so far had any tu-
mor progression during a mean follow-up period of 36
months.

Only a few studies to date have given special atten-
tion to the preservation of hearing in the context of
treatment for JTPs.43–45 The infratemporal access route
described by Fisch, with closure of the external auditory
canal and removal of the middle ear structures, is
regarded in many institutions as the standard approach,
although it is always associated with severe conductive
hearing loss.7 The present analysis shows no statistically
significant differences between primary surgery and pri-
mary radiotherapy with regard to postoperative auditory
function. This makes it clear that it is possible to pre-
serve hearing in the context of surgical treatment for
JTPs, with good tumor control at the same time.

CONCLUSION
Almost without exception, smaller JTPs of sizes A

and B can be resected completely using a diversified sur-
gical approach. Larger JTPs of sizes C and D can be
treated either with primary surgery or stereotactic
radiotherapy with function-preserving intent and with a
comparable degree of tumor control. Particularly in
young patients with unilateral tumors and evident CN
pareses, the authors regard a primary surgical proce-
dure aiming for resection with healthy margins as the
treatment of choice. Especially in older patients with
normal cranial nerve function and acceptable auditory
function, radical surgery should be regarded particularly
critically, as a loss of function in the major cranial
nerves is usually followed by a difficult and stressful
rehabilitation process. The extent of the surgery should
therefore be based on the intraoperative findings. In
many situations, reducing the size of the tumor while
preserving function represents an adequate treatment
option. On the basis of the results presented here, the
question arises of whether postoperative radiotherapy

may in general only be indicated when there is objective
evidence of tumor progression.
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