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Early and long-term results of the treatment of jugular paragangliomas
using different ranges of surgical approach

Bezposrednie i odlegfe wyniki leczenia przyzwojakéw otworu szyjnego
Z wykorzystaniem rdznych zakresow dostepu operacyjnego
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Abstract

Background and purpose: The applied approach to the jugu-
lar foramen is a combination of the juxtacondylar approach with
the subtemporal fossa approach type A. The purpose of this stu-
dy is to present our results of treatment of jugular paraganglio-
mas using the aforementioned approach.

Material and methods: Twenty-one patients (15 women,
6 men) with jugular paragangliomas were included in the stu-
dy. The neurological status of the patients was assessed before
and after surgery as well as at the conclusion of treatment.
The approximate volume of the tumour, its relation to large
blood vessels, cranial nerves and brainstem, as well as consi-
stency and vascularity were also assessed.

Results: The duration of symptoms ranged from 3 to 74 mon-
ths. In 86% of patients hearing loss was the predominant symp-
tom. The less frequent symptoms included pulsatile tinnitus in
the head, dysphagia and dizziness. Approximate volume of the
tumours ranged from 2 to 109 cm3. A gross total resection was
achieved in 71.5% of patients. The postoperative performance
status improved in 38% of patients, did not change in 38% and
deteriorated in 24% of patients.

Conclusions: A proper selection of the range of the approach
to jugular foramen paragangliomas based on their topography
and volume reduces perioperative injury without negative con-
sequences for the radicality of the resection.

Key words: jugular foramen, paraganglioma, microsurgery, skull
base surgery.

Streszczenie

Wistep i cel pracy: Stosowany dostep do otworu szyjnego to
polaczenie dostepu okotoklykciowego 1 dostepu podskronio-
wego typu A. Celem niniejszej pracy jest przedstawienie was-
nych wynikéw leczenia przyzwojakdw otworu szyjnego z wyko-
rzystaniem powyzszego dostepu.

Materiat i metody: Analizie poddano grupe 21 chorych z przy-
zwojakami otworu szyjnego (15 kobiet 1 6 mezczyzn). U 10 cho-
rych wykorzystano pierwszy, u 7 — drugi, a u 4 — trzeci zakres
dostepu do otworu szyjnego. Ocenie podlegaly stan neurolo-
giczny chorych przed rozpoczeciem leczenia, po operacji i po
zakonczeniu leczenia oraz zmiany ich aktywnosci zyciowe;.
Okreslano przyblizong objeto$¢ operowanych guzéw, ich sto-
sunek do duzych naczyn, nerwéw czaszkowych i pnia mézgu.
Wyniki: Diugos$¢ wywiadu wahata sie od 3 do 74 miesiecy
(mediana wyniosla 6 miesiecy). W 86% przypadkéw wiodacym
objawem byt niedostuch. Rzadziej wystepowaly pulsujacy
szum w glowie oraz zburzenia polykania i réwnowagi. Przy-
blizona objetos¢ usunietych guzéw wahata si¢ od 2 do 109 cm?.
W 71,5% przypadkéw przeprowadzone resekcje byly doszezet-
ne. Aktywno$¢ zyciowa u 38% pacjentéw poprawila sie, u 38%
nie zmienila si¢, a u 24% ulegta pogorszeniu.

Whioski: Dobér zakresu dostepu do otworu szyjnego, podyk-
towany topografig i rozmiarami przyzwojaka rozwijajacego si¢
w tym otworze 1 jego otoczeniu, pozwala na ograniczenie ura-
zu operacyjnego bez negatywnego wplywu na radykalnosé
resekcji.

Stowa kluczowe: otwér szyjny, przyzwojak, mikrochirurgia,
chirurgia podstawy czaszki.
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Introduction

A dilemma that arises from the proclivity toward
highly radical resection on one hand while maintaining
relatively low disability on the other is an unavoidable
part of surgical treatment of tumours of the jugular fora-
men and its vicinity, particularly paragangliomas. The
very quintessence of this dilemma arises from the fact that
the tendency toward a radical resection of highly vascu-
lar tumours such as paragangliomas that present multi-
directional growth and encase important anatomical struc-
tures forces the extension of the surgical approach.

Anatomical boundaries of the vicinity of the jugular
foramen, however, render surgical approach extension
in this region prone to permanent neurological sequelae.
The authors see the solution of this dilemma in the pro-
per choice of the surgical approach that is flexible and
allows intraoperative modification. Our cohort of patients
treated for jugular foramen paragangliomas underwent
surgery with a single surgical approach that was imple-
mented in three various ranges dependent on the size and
direction of tumour growth.

Material and methods

The jugular foramen approach has been used in the
Department of Neurosurgery in Sosnowiec since 2000.
Thirty-one cases have been treated with this approach;
they include 21 patients treated for paragangliomas.
A retrospective analysis of this particular group that in-
cludes 15 women and 6 men aged 24 to 70 years was
performed. Ten cases treated via the jugular foramen
approach for tumours other than paragangliomas in-
cluded: meningioma, neurinoma, haemangiopericyto-
ma, chondrofibroma, chondrosarcoma and undifferen-
tiated malignant tumour. These patients, due to the
histopathology of their tumours, were excluded from
the cohort that was analysed in this study.

The authors perform the surgical approach to the
jugular foramen and its vicinity in three ranges depen-
ding on the tumour topography within the petrous part
of the temporal bone assessed on preoperative magne-
tic resonance imaging (IMRI). The first range that opens
an approach to the posterior aspects of the foramen is
implemented in order to remove tumours that encom-
pass the jugular foramen and hypotympanum. The se-
cond range approach in addition to the aforementioned
visualizes the superior margin of the foramen, thus faci-
litating the removal of tumours that invade the tympa-
nic cavity. Further extension of the approach to the third
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range makes it possible to access the anterior bounda-
ries of the foramen, which consequently allows the dis-
section of tumours that encase the carotid artery and
penetrate the petrous apex.

Neurological status of the patients at the beginning
of the treatment, immediately after surgery and at the
end of the treatment (Tables 1 and 2), along with the
changes of everyday performance assessed with the Kar-
nofsky scale (Table 3), were analysed. The volumes of
the tumours were approximated with the formula for
a rotational ellipsoid [volume = I1/6 (x X y X 2)],
based on MRI. The extent of resection was assessed
based on pre- and postoperative MRI examinations.
The relationship of tumours to large vessels, cranial
nerves, brain stem, as well as their consistency and
vascularity, were also analysed.

The distribution of variables, i.e. average times of
catamnesis and postoperative follow-up and tumour
volume, were analysed with the Shapiro-Wilk test. Based
on the fact that all the variables were normally distribu-
ted, they were presented as means with standard devia-

tions (SD).

Results

Ten patients out of 21 treated for paragangliomas of
the jugular foramen were operated using the first range
approach. These tumours on top of the jugular foramen
encompass the hypotympanum and upper parts of the
jugular neurovascular bundle (Fig. 1). Even though
some of these tumours penetrated the posterior fossa,
they did not cross the dura. Their volumes varied from
2.31t0 6.3 cm3 (mean 4.1 cm3, SD 1.1 cm?). The second
range approach was used in the treatment of 7 patients.
Their tumours, aside from the jugular foramen, hypo-
tympanum and the jugular neurovascular bundle, infil-
trated the tympanic cavity, the petrous apex and the
mastoid process (Fig. 2). Some of these tumours infil-
trated the intradural space in the posterior fossa. Tumour
volumes varied from 13.4 to §3.6 cm3 (mean 26.0 cm3;
SD 14.1 ecm3). Four cases forced the surgeon to extend the
approach to the third range. Above and beyond the ana-
tomical areas shared by the tumours from the first two
groups, the latter invaded the subtemporal fossa and exten-
sively encased the internal carotid artery (Fig. 3). Their
volumes varied from 82.4 to 109.3 cm3 (mean 98.1 cm3,
SD 12.1 cmd).

The time of catamnesis for all the patients analysed
varied from 3 to 74 months (mean 32 months; SD
22 months). Hearing deficits present at admission in
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Table 1. Changes in neurological abnormalities that occurred before surgical
treatment of jugular foramen paraganglioma (21 cases)

Treatment of jugular paragangliomas

Table 2. Neurological abnormalities that occurred s side effects of surgical
treatment of jugular foramen paraganglioma (21 cases)

Neurological Examination  Examination  Follow-up
abnormality on admission on discharge examination
Hypoacusis 18 18 17
Disequilibrium 10 8 5
Seventh nerve 7 5 5

palsy or paresis

Dysphagia 12 10 4
Dysarthria 5 4 4
Eleventh nerve 6 6 6
palsy or paresis

Ninth nerve palsy 8 8 8
or paresis

Pulsatile hum 17 0 0
in the head

Hemiparesis 2 0 0
Wasting S 4 0

88% of cases at the end of the treatment either remain-
ed level or deteriorated. Conversely, swallowing dis-
turbances, present in 57% of patients, improved with
rehabilitation in the majority of cases. A significant
improvement of disequilibrium that had been present
in 48% of cases was noted as well. Facial nerve paresis
was present at admission in 33% of patients and varied
from grade II to V on the House-Brackmann scale. Fol-
lowing treatment, it was still present in the majority of
these patients. However, in some of them it regressed
while in the others it intensified.

Hemiatrophy of the tongue subsequent to hypo-
glossal nerve injury was present in 38% of cases, with
no significant improvement following treatment. Con-
versely, all the patients who reported a pulsatile hum in
the head noticed that the symptom disappeared after
surgery. Complete symptomatology at admission and its
changes following treatment are summarized in Table 1.
Some of the patients whose tumours required the first
or second range approach to the jugular foramen pre-
sented scarcely any while others showed a plethora of
symptoms. All of the patients who required the third
range approach presented the full clinical syndrome
of jugular paraganglioma.

Tumours were adjacent to the facial nerve within
the petrous part of the temporal bone in 43% of cases.
This contact varied from adhesion of the tumour to the
nerve to the complete encasement of the nerve within
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Neurological Examination Examination Follow-up

abnormality on the 1stday on discharge examination
post op

Hypoacusis or 3 3 1

deafness

Disequilibrium not assessed 4 0

Seventh nerve 6 6 5

palsy or paresis

Dysphagia 9 8 4

Dysarthria 7 6 2

Eleventh nerve S S 4

palsy or paresis

Ninth nerve palsy 4 4 4

or paresis

Hemiparesis 1 0 0

Wasting 3 3 1

Table 3. An assessment of the daily activities of patients treated surgically
because of jugular foramen paragangliomas (Karnofsky scale)

Patient Examination = Examination Follow-up
no. and sex on admission on discharge examination
1(F) 70 70 80
2(F) 50 70 80
3(F) 70 70 80
4 (M) 80 60 70
5(F) 80 50 60
6 (F) 90 70 90
7(F) 80 70 90
8 (M) 90 80 80
9 (F) 90 90 90
10 (F) 60 70 80
11 (F) 80 80 80
12 (F) 80 80 80
13 (M) 60 50 80
14 (F) 90 70 90
15 (M) 80 60 70
16 (F) 60 70 80
17 (F) 80 70 80
18 (M) 80 70 80
19 (M) 90 80 90
20 (F) 80 70 90
21 (F) 80 70 80
F — female; M — male
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Fig. 1. Jugular foramen paraganglioma spreading into hypotympanum on the right side (patient no. 7, 70-year-old female). The patient developed dysphagia and
pulsatile hum in the head within 6 months. Tumour volume was assessed as 3 cm3. She underwent surgical treatment with the first range approach implemented.
The tumour did not reach the neural compartment of the foramen. Dysphagia diminished following surgery.

A) preoperative axial MRI, B) preoperative coronal MRI, C) postoperative axial MRI, D) postoperative coronal MRI

the tumour. In two cases, the tumour connected with the
facial nerve simultaneously within the petrous part of
the temporal bone as well as within the cerebelloponti-
ne angle. All patients with preoperative facial paresis
presented with the aforementioned contact. Two patients,
however, did not show any deficits despite the presence
of adhesions between the tumour and the nerve. In seven
cases, anterior mobilization of the facial nerve without
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the need for reconstruction was performed. Three cases
in which preoperative facial nerve palsy had been pre-
sent and the nerve required dissection from the tumour
postoperatively developed permanent paralysis. On the
other hand, four other cases with facial nerve palsy, fol-
lowing the period of full paralysis, finally stabilized
between the second and the third grade on the House-
Brackmann scale. Four cases required reconstruction of
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Fig. 2. Jugular foramen paraganglioma spreading info hypotympanum and tympanic cavity on the left side (patient no. 4, 24-year-old man). The patient developed
hypoacusis, dysphagia and pulsatile hum in the head within 5 months. Tumour volume was assessed as 23 cm3. He underwent surgical freatment with the second
range approach implemented. Prior to tumour resection, anterior reposition of the facial nerve was performed. Still the patient developed permanent facial palsy.

Dysphagia and hypoacusis did not change following surgery.

A) preoperative axial MRI, B) preoperative coronal MR, C) postoperative axial MRI, D) postoperative coronal MRI

the infiltrated facial nerve with either the great auricu-
lar nerve or the sural nerve.

In 85% of cases, tumours were adherent to the ner-
ves that transverse the jugular foramen, i.e. the glos-
sopharyngeal, vagus and accessory nerve. Interestin-
gly, at admission a third of the patients had no
neurological deficits that could be related to it. None-
theless, penetration of the tumour into the neural com-
partment in those cases where the tumour was adhe-
rent to the aforesaid nerves within the jugular foramen,
even in patients without preoperative deficits, resulted
in full paralysis after surgery. A more favourable out-
come, especially after rehabilitation, was achieved in
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patients who had similar adhesions in the cerebello-
pontine angle or upper parts of the jugular neurova-
scular bundle.

In 76% of cases, tumours were adherent to the hypo-
glossal nerve, usually in the upper parts of the jugular
neurovascular bundle. Still, only half of the patients pre-
sented with hemiatrophy of the tongue. In 19% of cases,
this sign appeared as a new, permanent deficit.

Contact or adhesion to the brain stem was found in
38% of cases. Fortunately it caused no intraoperative
complications and had no effect on the final outcome.
Table 2 contains a full description of neurological defi-
cits rendered as side effects of the surgery.
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Fig. 3. Jugular foramen paraganglioma spreading within the skull base |nTo the mlddle and postenor fossa on The right side (patient no. 2, 35-year-old female). W|th|n
5 years of follow-up the patient developed hypoacusis, disequilibrium and dysarthria with facial nerve palsy, left-sided hemiparesis and pulsatile hum in the head.
Severe dysphagia resulted in wasting. Tumour volume was assessed as 95 cm3. She underwent surgical treatment with the third range approach implemented in com-
bination with an extended subtemporal approach. After surgery and rehabilitation, the only permanent deficits are right-sided deafness and dysarthria. Since cable
anastomosis of the facial nerve was futile, it was followed by an anastomosis with the hypoglossal nerve that resulted in improvement from full palsy to facial nerve
paresis. Three years after surgery the patient delivered a healthy child and returned to her previous profession. Two years later a small recurrence in the subtemporal
fossa was found; the patient underwent radiotherapy. The follow-up is ongoing.

A) preoperative axial MR, B) preoperative coronal MRI, C) preoperative sagittal MRI, D) external carotid artery in antero-posterior projection, E) external carotid arte-
ry in lateral projection, F) external carotid artery following embolisation in antero-posterior projection, G) external carotid artery following embolisation in lateral pro-
jection, H) postoperative axial MRI, 1) postoperative coronal MRI, J) postoperative sagittal MRI
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Since all of the tumours infiltrated the venous com-
partment of the jugular foramen, it required opening
during surgery. Each patient had the sigmoid sinus and
internal jugular vein obliterated. In three cases, the flow
throughout these vessels prior to their closure was pre-
served. In one of these cases the residual flow was so
high that prior to permanent closure of the sigmoid sinus
it was closed temporarily in order to assess a possible
significant increase of the pressure in the proximal part
of the sinus. In one case, the tumour grew into the sig-
moid sinus to its full extent, thus forming a loose cast
of it. Conversely, excision of this part of the tumour pre-
ceded obliteration of the sinus.

In three cases (14%), tumours grew around the inter-
nal carotid artery, one of them (Fig. 4) 4 cm lengthwise.
In another four cases (19%), tumours were adherent to
the artery. Still, identification of the proper layer enabled
safe dissection of the vessel from the tumour.
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Radical resection was achieved in 71.5% of cases.
TLack of radicality usually arose from the tendency to avo-
id deficits from the lower group of the cranial nerves in
the cerebellopontine angle. In four patients who under-
went non-radical resection, a local recurrence was found.
These patients were subsequently treated with stereotac-
tic radiosurgery. None of the irradiated tumours have
shown any signs of progression so far.

The follow-up period for the entire group varied from
9 to 106 months (mean 48 months; SD 22 months). It
was long enough to observe either a gradual reduction of
postoperative neurological deficits in some of the cases or
adaptation of the patients to the permanent disabilities.
Comparison of the functional capacities of the patients on
admission and during the follow-up as measured with the
Karnofsky performance scale revealed improvement in
38%, unchanged condition in 38% and deterioration in
24% of patients, with a clear discrepancy between the
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assessments immediately after surgery and subsequent to
rehabilitation and convalescence. None of the patients in
our cohort died during follow-up.

Discussion

Paraganglioma, neurinoma and meningioma repre-
sent the three most common histopathological subtypes
of tumours related to the jugular foramen [1-3]. Due
to their abundant vascularity and the capacity for mul-
tidirectional growth, paragangliomas are the most
challenging ones. They originate from parasympathetic
glomus bodies, which localize within the walls of the
jugular vein (glomus jugulare) [4]. Rarely tumours that
originate from glomus bodies within the tympanic cavi-
ty (glomus tympanicum) or adjacent to the lower gan-
glion of the vagal nerve (glomus vagale) spread toward
the jugular foramen and require treatment modalities
similar to paragangliomas of the jugular foramen [5,6].
Along with the Arnold nerve, i.e. a branch from the
upper ganglion of the vagal nerve that anastomoses to
the mastoid part of the facial nerve, parasympathetic glo-
mus bodies reach the facial canal. These glomus bodies
may be the origin of the tumour that expands toward
the jugular foramen as well [7]. Facial canal paragan-
gliomas deform this canal, penetrate toward the parotid
gland and secondarily reach the tympanic cavity along
with the jugular bulb, which relatively early evokes either
facial paresis or paralysis [7].

Paragangliomas might occur as part of von Hippel-
Lindau syndrome, type 1 neurofibromatosis (NF1) or

0
St

-

of multiple endocrine neoplasia type 2 (MEN2) [8-10].
Familial occurrence of paragangliomas has been obser-
ved in 10 to 50% of cases [11]. Their inheritance has an
autosomal dominant pattern and is related, among
others, to the mutation of a gene for a D subunit of suc-
cinate dehydrogenase (SDHD). This gene is located on
the short arm of chromosome 11 [10]. An affected male
has a 50% chance of having a sick child while a female
does not. Nonetheless, she transmits the inactive, muta-
ted gene to her progeny. A male child who inherits such
a gene has a 50% chance of having an affected offspring
[11]. The aforementioned information has a measur-
able practical value for it may prompt a diagnostic
screening of persons at risk in order to diagnose small,
clinically silent tumours that are relatively easy to treat.

The most common signs and symptoms of jugular
foramen paragangliomas include hearing disturbances
or loss, dysphagia, disequilibrium, facial paresis or para-
lysis, hemiatrophy of the tongue and pulsatile hum in
the head [9,12-14]. Symptomatology of paraganglio-
mas in our cohort was similar. What is worth mentio-
ning, however, is wasting seen in § patients with dys-
phagia.

Diagnostic imaging of jugular foramen paragan-
gliomas includes computed tomography (CT), MRI
and angiography. CT in the bone window is of particu-
lar importance for it can visualize the destruction of bony
margins of the jugular foramen along with loss of airi-
ness of the petrous part of the temporal bone. It was
clearly visible in 8 cases in our cohort. On the other
hand, MRI provides information on the progress of

Fig. 4. Intraoperative view of jugular foramen paraganglioma (patient no. 2, 35-year-old female). Extradural part of the tumour was removed and complete ampu-
tation of the petrous part of the temporal bone was already performed (right side); a — petrous part of the internal carotid arfery, b — facial nerve fully mobilized,
infiltrated by tumour, ¢ — obliterated sigmoid sinus, d — dura infiltrated by tumour between superior and inferior petrous sinus, & — dura in the suboccipital region,

f— dura in the temporal region, g — parotid gland, h — temporal muscle
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the tumour. Paragangliomas significantly enhance after
gadolinium injection in T1-weighted sequences [4,9,13].
Notably, angiography of internal and external carotid
arteries along with vertebral arteries is necessary in order
to achieve exhaustive assessment of vascular disturban-
ces related to jugular foramen paragangliomas. Patho-
logical vascularity might originate from any of the afore-
said arteries. It is of particular importance to notice
a displacement and narrowing of the internal carotid
artery encased in the tumour. Occasionally, a vertebral
artery might be similarly involved as well. Obliteration
of the sigmoid sinus and internal jugular vein along with
the presence of arteriovenous fistulas can also be found
[12]. Additionally, angiography aids in the appraisal of
indications as well as feasibility of tumour embolisation.
Virtually all of the jugular foramen paragangliomas have
indications for embolisation. It drastically reduces intra-
operative blood loss and facilitates reduction of the time
of the procedure [14]. In most cases, tumour feeders
that originate from the external carotid artery, such as
the ascending pharyngeal artery, occipital artery or poste-
rior auricular artery, are feasible for selective catheteri-
zation [4]. Cases from our cohort fully confirmed this.
Even though elective embolisation of vessels that can be
easily and with impunity litigated is problematic, every
attempt to reduce intraoperative blood loss is advisable
[15]. Abolition of vascularity that originates from the
external carotid artery results in increased circulation
in other vessels that feed the tumour, which originate
from the internal carotid artery or vertebral artery [16].
This explains the lack of justification for embolisation
as a separate therapeutic modality on one hand and sup-
ports the limitation of time between embolisation and
surgery on the other [12]. The authors performed sur-
gery no later than four days after embolisation. Impor-
tantly, recent advances have enabled intraoperative
embolisation of paragangliomas via direct injections of
their tissue.

An increased level of catecholamines was reported
in 3 to 4% of patients with paragangliomas [11,16,17].
Levels of their metabolites, i.e. vanillylmandelic acid,
hydroxyindoleacetic acid and metanephrine, should be
routinely assessed then [4,16,17]. None of the patients
in our group proved positive when evaluated accordin-
gly. One- or twofold increase of metabolite levels in uri-
ne has no clinical manifestation. Four- or fivefold incre-
ase might present as increased blood pressure and
dangerous blood pressure variability during surgery
[13]. Patients with the aforesaid disturbances require
two weeks of preparation with alpha- and beta-blockers
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[13,16]. Patients with paragangliomas with increased
excretion of catecholamines are prone to complications
following embolisation and radiotherapy as well, which
are explained by the release of these substances from
necrotic tumour tissues into the blood stream [17,18].

Paragangliomas are considered benign tumours that
double their volume within 4.2 years [19]. The clinical
basis necessary to confirm their malignant transforma-
tion, which occurs in 4 to 6% of cases, if distinct histo-
pathological features are lacking, consists of the presence
of metastases to organs that are endocrinologically silent,
mainly the lymph nodes [11].

Classifications of paragangliomas are based on their
multidirectional growth along with related difficulty to
dissect them. Glasscock and Jackson created the first
classification [20]. They separately analysed paraganglio-
mas of the tympanic cavity and jugular foramen. The lat-
ter ones were classified as follows: grade I — tumour invol-
ving the jugular bulb, middle ear and mastoid process;
grade II — tumour extending under the internal audito-
ry canal that may have intracranial extension; grade 111
— tumour extending into the petrous apex that may have
intracranial extension; grade IV — tumour extending
beyond the petrous apex into the clivus or infratempo-
ral fossa that may have intracranial extension. Fisch
described the most renowned classification of paragan-
gliomas of temporal bone [21]: class A — tumours limi-
ted to the tympanic cavity; class B — tumours limited to
the middle ear or mastoid without involvement of the
jugular foramen and carotid canal; class C — tumours that
originate from the jugular foramen with variable exten-
sion toward the middle ear, inner ear and cranial cavi-
ty along the sigmoid sinus, internal jugular vein, lower
complex of the cranial nerves in the cerebellopontine
angle and internal carotid artery. Within class C, the de-
gree of extension along the internal carotid artery is defi-
ned with the following numbers: 1 — tumour with limi-
ted involvement of the vertical portion of the carotid
canal — it destroys the wall of the carotid canal but does
not invade it; 2 — tumour invading the vertical portion
of the carotid canal; 3 — tumour encasing the internal
carotid artery in its vertical and horizontal portion but
not reaching the foramen lacerum, i.e. not encasing the
paratrigeminal part of the internal carotid artery;
4 — tumours encasing the internal carotid artery beyond
the foramen lacerum toward the cavernous sinus.
The last class, D, has a complementary role for the
whole classification and defines the range of intracranial
extension of these tumours. Class De tumours show an
intracranial, extradural penetration. Number 1 signifies
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intracranial extension of less than 2 ¢m in diameter.
Number 2 pertains to intracranial extension greater than
2 cm in diameter. Class Di encompasses tumours with
intradural cranial cavity penetration. Within this class
number 1 indicates penetration of less than 2 cm in dia-
meter, number 2 indicates penetration greater than 2 cm
in diameter, while number 3 describes extensive intra-
cranial penetration that renders these tumours inoper-
able. Patel ez a/. [4], on the other hand, proposed
a descriptive classification of jugular foramen paragan-
gliomas that takes into account the range of tumour
penetration into structures and regions of the skull base,
its relation to the large arteries, brain stem and the pre-
sence of hydrocephalus. The Fisch classification has
a considerable practical value due to its explicitness.
Every attempt to frame a biological phenomenon that is
based on variability is made at the cost of accuracy of
the phenomenon’s description. This is relevant to the
Fisch classification as well. A certain lack of informa-
tion that it provides is complemented by the descripti-
ve system of Patel ez al. A description of Di3 class in the
Fisch classification that is inoperable due to the extent
of its intracranial penetration is particularly controver-
sial. The discussed classification as cited above was
published in 1998. Significant progress that resulted
from the introduction of extended surgical techniques
in skull base surgery has been made since. A tumour
considered inoperable by one surgical team might not
be inoperable for another one. The objective inopera-
bleness of benign skull base tumours that include the
vast majority of paragangliomas, if it exists at all, arises
from the combination of the burdens that are related to
the neoplasm and its treatment on one hand and gene-
ral condition of the patient on the other. Extensive para-
gangliomas require a combination of one of the trans-
petrosal approaches with an extended subtemporal
approach as well as a transcondylar approach. It seems
to the authors of this paper that the Di3 class should be
reserved for paragangliomas whose dissection requires
approaches to the skull base different from the afore-
mentioned ones.

Surgical treatment of jugular foramen paraganglio-
mas has its own distinct specificity. The standing rule is
that en route to the tumour it is obligatory to reveal as
much of the tumour as possible before one even starts
the resection. While visualizing a tumour one should
identify as much as possible of the anatomical structu-
res that either enter or exit it. These include cranial
nerves, the sigmoid sinus, the internal jugular vein and,
most importantly, the internal carotid artery. Based on
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paraganglioma size and topography, various approaches
should be implemented in order to carry out the afore-
said assumptions. It is worth mentioning however that,
omitting detailed solutions proposed by various authors,
two concepts of surgical approach to the jugular fora-
men exist. Fisch is the author of the first one [21]. Itis
called a subtemporal approach type A and involves
getting control over the neurovascular bundle, amputa-
tion of the external auditory canal and temporal cavity
content, anterior reposition of the facial nerve and expo-
sure of the petrous part of the internal carotid artery.
George has propagated the other concept [1]. It is
named a juxtacondylar approach and similarly to the
previous one it initially encompasses identification of
the neurovascular jugular bundle and on top of that
identification of the distal part of the V, section of the
vertebral artery. Subsequently, the posteroinferior part
of the mastoid is resected along with the jugular process
of the occipital bone and the posterolateral part of the
occipital condyle. Both concepts are used alternatively
in the surgical treatment of jugular foramen paragan-
gliomas [8,22-24].

In our opinion, a starting point for the treatment of
jugular foramen paragangliomas should be an approach
that is the least harmful and brings the lowest possible
risk of complications. The juxtacondylar approach ful-
fils most of these conditions. It preserves the external
auditory canal, facial nerve canal and tympanic cavity.
In our understanding this approach meets the require-
ments of the first range approach to the jugular foramen
and its vicinity. It opens the access to the posterior limi-
tations of the foramen. If an obtained access is not suf-
ficient for radical tumour removal, which can be deter-
mined during surgery, it is possible to modify it to the
second range approach that is an equivalent to the sub-
temporal type A approach in most of the stages. An ac-
cess to the posterior as well as superior edges of the jugu-
lar foramen is open upon completion of the first and
second range approach. Provided that the obtained entry
is still insufficient, it is possible to modify it to the third
range approach that opens a route toward the anterior
edge of the jugular foramen. The third range approach
is an equivalent to the final stages of the subtemporal
type A approach and involves exposure of the petrous
part of the internal carotid artery. However, in selected
cases, despite the fact that a full approach (i.e. in all three
ranges) to the jugular foramen has been performed
a total resection of the paraganglioma is still not fea-
sible. These circumstances usually are related to extensi-
ve, intradural tumour penetration, which requires a com-

Neurologia i Neurochirurgia Polska 2011; 45, 3



bination of the jugular foramen approach with either
a partial, transcondylar approach or an extended, sub-
temporal approach [25]. Ten patients out of 21 treated
for paragangliomas of the jugular foramen in our cohort
were operated using the first range approach, seven with
the second range approach and four with the third range
approach. In two cases, additional surgical approaches
were implemented. In one case we used an extended,
subtemporal approach and partial transcondylar in the
other.

The selected paraganglioma cases, even though they
require all three approach ranges to the jugular foramen
and its vicinity, are amenable to gross total resection
without infringement of the anterior boundaries of
the venous compartment of the jugular foramen. Con-
sequently, there is no need to breach the neural com-
partment, thus avoiding a conflict with cranial nerves
within the jugular foramen [8,16].

Resection of a jugular foramen paraganglioma usu-
ally forces the surgeon to sacrifice the sigmoid sinus
before and the internal jugular vein after the tumour. As
the sigmoid sinus might be obliterated relatively early
during surgery, an internal jugular vein should remain
patent up to the final stages of resection in order to
drain blood from the tumour [16]. It is important to
advise the anaesthetist to seek central venous access,
for example a subclavian vein catheterization on the tu-
mour side. The contralateral side upon obliteration of
the sigmoid sinus and internal jugular vein has to carry
the full burden of the venous drainage and should not
have any obstacles en route.

Paragangliomas rarely force the surgeon to dissect
and reconstruct the internal carotid artery, even though
they often encase it [12,16]. It is feasible with the micro-
scope to find a layer that enables safe preparation of
the vessel from the tumour. It is of particular importan-
ce to systematically coagulate and cut internal carotid
artery branches in the petrous part where they feed
the tumour [16].

It is still a matter of discussion whether the resection
of large jugular foramen paragangliomas should take
place in two stages: an extradural and intradural one.
This concept has its supporters [21] as well as oppo-
nents [16]. The authors staged paraganglioma resec-
tion into two stages once with a favourable outcome.

Treatment planning for jugular foramen paragan-
gliomas has to take into account age, general condition
of the patient, size and location of the tumour, signs and
symptoms with hormonal activity assessment included,
as well as possible complications [11]. The risk of com-
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plications increases with the size of the tumour. This fact
emphasizes the importance of early diagnosis. Treatment
of small tumours with a clear tendency for growth
should be considered as a prevention of potential defi-
cits [8]. Contemporary surgical treatment of jugular fora-
men paragangliomas aims at curing the patient of the
disease with simultaneous minimization of permanent
deficits that arise from injuries to the cranial nerves,
brain stem and large vessels [4]. Importantly, the main
problems arise from cranial nerve injuries. Jackson ez a/.
[26] reported, based on their series of 152 cases, that
complete resection of jugular foramen paragangliomas
without cranial nerve injuries is feasible in 31% of cases.
The authors achieved similar results in 24% of cases,
which pertained to tumours removed via the first range
of approach to the jugular foramen. The frequency of
preoperative deficits of the lower group of cranial nerves
is as high as 40%; postoperative deficits may reach 40%
as well [26,27]. Preoperative deficits of cranial nerves
are closely related to the intracranial expansion of the tu-
mour [16]. We are inclined to relate them to penetra-
tion of tumour into the neural compartment of the jugu-
lar foramen. Paraganglioma cases that qualify for the
first or second range of approach to the jugular foramen
might present with or without cranial nerve deficits.
Tumours that qualify for the third range of approach
always present with such deficits. Preoperative dyspha-
gia, dysarthria and disequilibrium have a tendency to
subside after surgery despite the fact that they might
temporarily intensify in the early postoperative period
[12,16]. The improvement of swallowing and phona-
tion seen in our patients following the rehabilitation
period resulted mainly from adaptation to the use of
the contralateral structures. Facial palsy and hearing loss,
on the other hand, are usually permanent [12,16]. In our
opinion, this pertains to hypoglossal nerve injuries as
well. Another significant problem relates to facial pal-
sies following surgery. According to the literature, no
less than 70% of patients who undergo anterior reposi-
tion of the facial nerve within a year after surgery are in
the first three grades of the House-Brackmann scale,
and only occasionally in the fourth one [4,8,11,28,29].
We performed anterior mobilization of the facial nerve
seven times, without the need for its reconstruction.
The final outcome seemed to be closely related to the
preoperative status of the nerve; however, the small num-
ber of cases rules out any definite conclusions. All the
cases with initial facial paresis after reposition develo-
ped full palsy with no subsequent recovery. All the other
cases who had had no facial nerve deficits preoperati-

223



Piotr tadziriski, Henryk Majchrzak, Wojciech Kaspera, Mariusz Maliszewski, Kizysztof Majchrzak, Michat Tymowski, Piotr Adamczyk

vely after surgery developed full palsy that within six
months after surgery recovered to paresis equivalent to
grade two or three on the House-Brackmann scale. Out
of four cases that required cable anastomosis of the facial
nerve, one has not regained any function. In this parti-
cular case, a very severe preoperative facial paresis had
been present, which could have affected the unfavour-
able outcome of the reconstruction. The remaining three
cases eventually improved to grade four on the House-
Brackmann scale, which can hardly be recognized as
a favourable outcome.

Radicality of the resection of jugular foramen para-
gangliomas varies from 70 to 90% [8,11,28,29], while
the recurrence rate was reported as 5 to 25% [8,11,28].
Our radicality reached 71%, while the recurrence rate
was 19%.

Routine use of tracheotomy in patients treated for
jugular foramen tumours, including paragangliomas, is
rarely advocated [30]. Nonetheless, it is being advised
to perform an elective tracheotomy postoperatively in
cases with severe dysphagia [4,20]. These patients usu-
ally have gastrostomy performed as well. Patients with
impaired articulation subsequently might qualify for sur-
gical vocal cord reposition [11,28,31].

According to Al-Mefty and Teixeira [16] it is pru-
dent to distinguish a subgroup of “complicated jugular
foramen paragangliomas”. In order to assign a given
case to this subgroup it ought to fulfil at least one of
the following criteria: large size, multiple localizations
unior bilaterally, malignant transformation, increased
levels of catecholamines, coincidence with other patho-
logies such as arteriovenous malformations, adrenal
gland tumours and previous, unsuccessful treatment.
In their opinion, treatment of complicated jugular fora-
men paragangliomas poses a real challenge for the sur-
geon and these tumours should be carefully distingu-
ished from the others, i.e. typical jugular foramen
paragangliomas.

One should not neglect stereotactic radiosurgery as
a therapeutic modality in the treatment of paraganglio-
mas. Indications for its use are: tumour size less than 3 cm
in diameter, infiltration of internal carotid artery with unfa-
vourable results of balloon obturation test, presence of
contralateral tumour with cranial nerve dysfunctions and
venous circulation impairment, poor general condition of
the patient or denial of surgical treatment consent, non-
serviceable hearing contralateral to the tumour, or lack of
clinical signs of the tumour that would validate surgical
intervention [8,12,15,28,32]. Radiotherapy results in
tumour necrosis and loss of its proliferative abilities. It
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should not be identified as a cure. Neither the range of
control achieved nor its duration can be predicted [4].
Radiotherapy is more beneficial in older people. More-
over, it is not free of complications. They appear late after
irradiation and usually include necrosis and demyeliza-
tion [33]. In patients with jugular foramen paraganglio-
mas, these changes might involve the brain stem, cranial
nerves and temporal lobe [34]. In the context of the afo-
rementioned indications for radiotherapy of jugular fora-
men paragangliomas, it is necessary to specify indications
for surgical treatment of these tumours. They include:
age below 45 years, persistent cranial nerve deficits, tu-
mour with a low risk of postoperative complications, intra-
cranial expansion, paragangliomas in other locations on
the same side, malignant transformation signs, internal
carotid artery infiltration with favourable results of bal-
loon obturation test, and recurrent tumour following pre-
vious radiotherapy [28]. An elective combination of sur-
gery and radiotherapy is also feasible. Initially, a large
tumour is surgically reduced to the approximate size of
3 cm without any permanent deficits evoked. Radiothe-
rapy follows as a next step of the therapeutic protocol
either obligatorily or implemented in the case of pro-
gression of the remaining tumour [28].

The question arises whether to forbear the treatment
of jugular foramen paragangliomas in favour of obser-
vation with systematically performed neuroimaging
studies. In our opinion, the answer is yes, but in those
cases where tumours are found accidentally without
any clinical signs. Tumours with discrete signs might
be followed as well, up to the point where radiological
or clinical signs of progression occur. The only group
of tumours that requires immediate attention constitu-
tes those that are hormonally active [11]. The decision
to wait and see becomes easier with the growing age of
the patient.

Conclusions

1. A proper choice of a jugular foramen approach based
on topography and size of paraganglioma that deve-
lops within the jugular foramen and its vicinity faci-
litates reduction of perioperative injury without
a negative influence on the resection radicality.

2. Lack of radicality in the surgical treatment of para-
gangliomas of the jugular foramen and its vicinity
arises from the effort to avoid postoperative deficits
of the lower complex of the cranial nerves within the
cerebellopontine angle.

3. The vast complex of disorders resulting from surgi-
cal treatment of paragangliomas of the jugular fora-
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men and its vicinity that includes both persistent signs
and symptoms from the tumour and adverse effects
of the treatment is significantly limited and mitigated
by rehabilitation and convalescence.

Disclosure

The authors report no conflict of interest.

References

1. George B., Lot G., Huy T. The juxtacondylar approach to the
jugular foramen (without petrous bone drilling). Surg Neurol
1995; 44: 279-284.
2. Jackson G., Glasscock III M., McKennan K., et al. The surgical
treatment of skull-base tumors with intracranial extension.
Otolaryngol Head Neck Surg 1987; 96: 175-185.
3. Poe D., Jackson G., Glasscock M., et al. Long-term results after
lateral cranial base surgery. Laryngoscope 19915 101: 372-378.
4. Patel S., Sekhar L., Cass S., et al. Combined approaches for
resection of extensive glomus jugulare tumors. J Newurosurg 1994;
80: 1026-1038.
5. Mischke R., Balkany T. Skull base approach to glomus jugulare.
Laryngoscope 1980; 90: 89-94.
6. Miyazaki S., Fukushima T., Fujimaki T. Resection of high-
cervical paraganglioma with cervical-to-petrous internal carotid
artery saphenous vein bypass. J Neurosurg 19905 73: 141-146.
7. Bartels L., Pennington J., Kamerer D., et al. Primary fallopian
canal glomus tumors. Otolaryngol Head Neck Surg 19905 102:
101-110.

. Suarez C., Sevilla ML.A., Llorente J.L.. Temporal paragangliomas.
Eur Arch Otorhinolaryngol 2007; 264: 719-731.

9. Gjuric M., Gleeson M. Consensus statement and guidelines on

oo

the management of paragangliomas of the head and neck. Sku//
Base 2009; 19: 109-116.

10. Boedeker C.C., Neumann H.P, Ridder G.J., et al. Para-
gangliomas in patients with mutations of the SDHD gene.
Orolaryngol Head Neck Surg 20055 132: 467-470.

11. Pellitteri PK., Rinaldo A., Myssiorek D., et al. Paragangliomas
of the head and neck. Oral Oncology 2004; 40: 563-575.

12. Anand V,, Al-Mefty O. Surgical treatment of intracranial glomus
tumors. In: Torrens M., Al-Mefty O., Kobayashi S. [eds.].
Operative skull base surgery. Churchill Livingstone, New York
1997, pp. 295-312.

13. Jackson G., Harris P, Glasscock IIT M., et al. Diagnosis and
management of paragangliomas of the skull base. Am J Surg
1990; 159: 389-393.

14. Murphy T., Brackmann D. Effects of preoperative emboliza-
tion on glomus jugulare tumors. Laryngoscope 1989; 99: 1244-
1247.

15. Pellet W., Cannoni M., Pech A. The widened transcochlear
approach to jugular foramen tumors. J Newrosurg 1988; 69:
887-894.

16. Al-Mefty O., Teixeira A. Complex tumors of the glomus
jugulare: criteria, treatment, and outcome. J Newrosurg 2002; 97:
1356-1366.

Neurologia i Neurochirurgia Polska 2011; 45, 3

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

Treatment of jugular paragangliomas

Colen TY.,, Mihm EG., Mason T, et al. Catecholamine-
secreting paragangliomas: recent progress in diagnosis and
perioperative management. Skx// Base 2009; 19: 377-385.
Poznanovic S.A., Cass S.P, Kavanagh B.D. Short-term tumor
control and acute toxicity after stereotactic radiosurgery for
glomus jugulare tumors. Orlaryngol Head Neck Surg 20065 134:
437-442.

Jansen J.C., van der Berg R., Kuiper A., et al. Estimation
on growth rate in patients with head and neck paraganglio-
mas influences the treatment proposal. Cancer 2000; 88: 2811-
2816.

Jackson G., Glasscock III M., Harris P. Glomus tumors. Arc/
Ortolaryngol 1982; 108: 401-406.

Fisch U., Mattox D. Microsurgery of the skull base. Georg
Thieme Verlag, Stuttgart 1988, pp. 136-413.

Schipper J., Spetzger U., Tatagiba M., et al. Juxtacondylar
approach in temporal paraganglioma surgery: when and why?
Skull Base 20095 19: 43-47.

David C.A. Preoperative planning and surgical approaches to
tumors of the jugular foramen. Operative Techn Neurosurg 2005,
8: 19-24.

Mazzoni A. The petro-occipital trans-sigmoid approach for
lesion of the jugular foramen. Skull Base 2009; 19: 48-56.
Tadzinski P, Majchrzak H., Szymczyk C., et al. Direct and
remote outcome after treatment of tumors involving the
subtemporal fossa and related structures with the extended
subtemporal approach. Neurol Neurochir Pol 20105 44: 148-158.
Jackson C.G. Globus tympanicum and globus jugulare tumors.
Orolaryngol Clin N Am 2001; 43: 941-970.

Sanna M., Jain Y., De Donato G., et al. Management of jugular
paragangliomas: the Gruppo Otologico experience. Otol Neurotol
2004; 25: 797-804.

Tran Ba Huy P, Kania R., Duet M., et al. Evolving concepts
in the management of jugular paraganglioma: a comparison
of radiotherapy and surgery in 88 cases. Sku// Base 2009; 19:
83-91.

Gjuric M., Bilic M. Transmastoid-infralabyrinthine tailored
surgery of jugular paragangliomas. Sku// Base 2009; 19: 75-82.
Anand V., Leonetti J., Al-Mefty O. Neurovascular con-
siderations in surgery of glomus tumors with intracranial
extensions. Laryngoscope 1993; 103: 722-728.

. Cheesman A.D., Kelly A., App B. Rehabilitation after treatment

for jugular foramen lesions. Sku/l Base 2009; 19: 99-108.
Fayad J.N., Schwartz M.S., Brackmann D.E. Treatment of
recurrent and residual glomus jugulare tumors. Sku/l Base 2009;
19: 92-98.

Al-Mefty O., Kersh J., Routh A., et al. The long-term side
effects of radiation therapy for benign brain tumors in adults.
J Neurosurg 1990; 73: 502-512.

Jackson C.G., Haynes D.S., Walker PA., et al. Hearing
conservation in surgery for glomus jugulare tumors. Am J Orol
19965 17: 425-437.

225



	Early and long-term results of the treatment of jugular paragangliomas using different ranges of surgical approach

	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Disclosure
	References


