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ABSTRACT

As it became clear that patients with paraganglioma (PGL) syndromes had a
higher risk of multifocal tumors, we changed our surgical strategy to avoid the
possibility of bilateral cranial nerve paralysis. The juxtacondylar approach offers
advantages for some jugular foramen tumors, including types C and D temporal
PGLs. This approach allows exposure of the jugular foramen without skeletonizing or
transposing the facial nerve. It improves the surgeon’s ability to distinguish between
the pars vascularis and the pars nervosa at the jugular foramen, and it helps to save
functioning of the lower cranial nerves. There is already considerable experience using
the juxtacondylar approach for patients suffering from schwannomas and meningi-
omas involving the jugular foramen. Some limitations have been noted for using the
juxtacondylar approach with jugular PGLs that are related to their vascular nature. In
this article we demonstrate its use for the management of eight patients with locally
advanced temporal PGLs and how it can be combined with an infratemporal fossa
approach.
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The genes responsible for hereditary head

and neck paragangliomas (PGLs) were identified in

2000.1,2 Patients with inherited disease have a

higher risk of multifocal disease3 than those with

sporadic tumors. For these patients, it is very

important to consider the implications of surgical

management. In particular, the possibility of inflict-

ing simultaneous or consecutive lower cranial nerve

deficits and their consequences must be discussed.4

The infratemporal fossa type A approach (and

occasionally the type B approach), as described by

Fisch,5,6 is recommended for stages C and D

temporal PGLs.7 These approaches give an excel-

lent view of the pars vascularis and pars nervosa of

the jugular foramen and the jugular bulb but at

the expense of the middle ear and with the need to

1Department of Oto-Rhino-Laryngology, Head and Neck
Surgery, University of Freiburg, Germany; 2Department of Neu-
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reroute of the facial nerve. In our hands and those

of others,8–10 transposition of the facial nerve is

associated with significant morbidity despite main-

taining anatomical continuity. Modifications to the

infratemporal fossa type A approach have been

suggested to avoid facial nerve transposition.11 We

have employed the juxtacondylar approach for the

removal of jugular foramen tumors, including types

C and D temporal PGLs. In some, it has been

combined with an infratemporal approach. The

juxtacondylar approach is familiar to neurosurgeons

who use it for the resection of intra- and extracranial

tumors of the lateral posterior fossa by uncovering

the vertebral artery and reducing the bony con-

dyle.12–15

PATIENTS AND METHODS

We started our program with several cadaver stud-

ies, assisted by an experienced neurosurgeon. In this

way we learned the anatomical landmarks of the

course of the vertebral artery, of the first and second

cervical nerve, and of the bony condyle as described

by Day et al.16 We evaluated the different surgical

steps for the juxtacondylar approach, which in-

cluded:

� Sigmoid course of the skin incision

� Soft tissue preparation to uncover the occipital

artery and the adjacent venous plexus

� Uncovering the first and second cervical nerve

� Uncovering the bony course of the vertebral artery

and its course to the vertebral angle

� Reducing the bony condyle

� Uncovering the sigmoid sinus down to the jugular

bulb by preserving the labyrinth and the mastoid

course of the facial nerve

After this cadaver study, we felt competent to

begin our clinical trial supported by experienced

neurosurgeons.

Since the year 2000, we have treated eight

patients with jugular PGLs by a juxtacondylar

approach or by a combined juxtacondylar and Fisch

infratemporal fossa type A approach (Table 1). All

tumors were staged as a type C or D temporal

PGL.6 Every patient underwent genetic evaluation

by means of a blood test. Tumors were staged on the

basis of computed tomography (CT), magnetic

resonance imaging (MRI) and magnetic resonance

angiography (MRA). The possibility of secreting

tumors was excluded by urine analysis for products

of vanillylmandelic acid (VMA) metabolism. Be-

cause this approach is performed with the patient in

a sitting position, it was important to make sure that

the patient did not have a patent septal defect.

Preoperative embolization using resorbable particles

was performed for all stage C and D tumors.

Intraoperative monitoring of the facial and lower

cranial nerves was undertaken using a multichannel

neuromonitoring system (Inomed). At the begin-

ning of our program, we felt more comfortable

Table 1 Data of Patients with Temporal Paragangliomas; Tumor Classification According to Fisch, 1988

No.

Patient, Sex,

Age

Tumor

Stage

Surgical

Procedure

Patient’s Position

during Surgery

Postsurgical Nerve Function

N. VII N. VIII N. IX N. X N. XI N. XII

1 W.G., f, 59 C1 jc, vat Sitting o o o o o o

2 W.A., f, 32 Di2 jc, vat Sitting o o o o o o

3 M.G., f, 63 B jc Laying o o o o o o

4 B.R., f, 72 C2 jc, vat Sitting o o o o o o

5 K.E., f, 58 C1 jc, vat Sitting o o o o o o

6 S.B., f, 47 C3 jc/it Laying – o – o – –

7 D.G., f. 63 C1 jc Laying o o o o o o

8 S.E., m, 60 C2 jc Laying o o o o o o

jc, juxtacondylar approach; vat, vertebral artery transposition; it, combined with Fisch infratemporal fossa type A approach; o, normal;
-, palsy.
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when using a navigation system for a controlled

reduction of the bony condyle to avoid an unstable

craniocervical junction.

RESULTS

In the first five cases, we performed an exclusively

juxtacondylar approach. Four of these patients had a

type C (C1, C2) PGL, and one had a type Di2

temporal PGL (Table 1). Three of them were

surgically treated in a sitting position to reduce

blood loss when opening the jugular bulb to remove

the tumor. In these first three cases, a navigation

tool was used to control our reduction of the bony

condyle. The surgical steps of the juxtacondylar

approach have been described in detail by George

et al.17,18 We found it useful to ligate the occipital

artery as this reduced tumor blood flow for several

hours before new shunts opened. Troublesome

bleeding could be encountered close to the occipital

artery from a venous plexus, and this could be

controlled by electrocoagulation. We also mobilized

the internal and external carotid arteries, the jugular

vein, and the lower cranial nerves but did not have

to ligate the external carotid artery or its branches.

The course of the vertebral artery is subject to

variation. In all our patients, the vertebral artery

was incompletely covered by bone and this simpli-

fied its identification. In some cases (Table 1), it had

to be displaced in order not to obstruct access to the

jugular bulb (Fig. 1). This allowed us to reduce the

condyle sufficiently to expose the jugular bulb and

the entire sigmoid sinus. A small part of the anterior

and posterior bony wall of the jugular bulb remains.

Ligation of the jugular bulb is not possible via the

juxtacondylar approach, so after opening the jugular

bulb and removing the tumor the vessel has to be

closed as quickly as possible by inserting oxidized

regenerated cellulose. In one case of a recurrence of

an advanced temporal PGL restaged as C3, we used

a combination infratemporal and juxtacondylar ap-

proach (patient 6, Table 1). The advantage of this

combined approach was that in this patient the

corridor to the juxtacondylar approach had not

been used before. In this case, part of the lower

cranial nerves (VII, IX, XI, XII) had already been

sacrificed or damaged by previous surgery. In all

other cases, the lower cranial nerve functions and

the facial nerves functions were completely pre-

served (Table 1).

DISCUSSION

The juxtacondylar approach was first described in

1976 by Friedrich and Seeger12 as the ‘‘transcondylar

approach’’ and was advocated for the surgical

Figure 1 Intrasurgical view of right-sided juxtacondylar

approach with patient in sitting position (patient No. 2 in

Table 1). x, bony covered course of the facial nerve; o,

course of the sigmoid sinus; *, lower cranial nerves;þ ,

internal carotid artery; small dotted line, former course of

the vertebral artery; large dotted line, current course of the

vertebral artery following its transposition.
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removal of tumors in the foramen magnum and

posterior fossa. Several modifications of the juxta-

condylar approach have been suggested, such as the

supracondylar approach, extreme far lateral trans-

condylar approach, variations of the extreme lateral

craniocervical approach, and others.19–21 In 1993,

Fukushima,22 and later in 1995, George et al,17,18

described a surgical technique using the juxtacondy-

lar corridor for the resection of temporal PGLs.

From the neurosurgical perspective, George and

colleagues favored the juxtacondylar approach as an

alternative for patients with temporal PGLs18 be-

cause it was possible to combine intra- and/or

extradural approaches without skeletonizing or

transposing the facial nerve. Furthermore, the pos-

terior lateral view to the jugular foramen afforded a

good view and allowed differentiation between

the pars vascularis and the pars nervosa. We feel

that this facilitates removal of the intravascular part

of a temporal PGL and aids preservation of lower

cranial nerve function. In contrast, when using the

infratemporal approach, the surgeon only sees the

pars nervosa of the jugular foramen after the tumor

has been removed.

Preservation of vaga function has always been

important but has been brought into sharp focus

with the recognition of hereditary mutations in

the SDH gene.1–3 Patients with a PGL syndrome

have a higher incidence of simultaneous or consec-

utive ipsi- or contralateral craniocervical PGLs.

These patients also have a high risk of acquired

bilateral vagal paralysis with its implications—a

permanent tracheostomy and a percutaneous endo-

scopic gastrostomy (PEG). For these patients, alter-

native solutions must be sought, and consideration

of the juxtacondylar approach may help preserve the

lower cranial nerves and facial nerve functions. But it

has its limitations, which are imposed by preserva-

tion of the fallopian canal. Tumors with significant

extension anteriorly around the internal carotid

artery or those with an anteriorly enlarged jugular

bulb are not suitable for this approach.

Another problem is that closure of the sig-

moid sinus with oxidized regenerated cellulose is

definitely inferior to that obtained by double ligation

as described in the infratemporal approach.23 It

should be noted that the infratemporal approach

can also be modified, and in this respect an inferior

mastoidectomy-hypotympanic approach without

skeletonizing or transposing the facial nerve can be

useful.24 Such an approach is recommended in cases

of type B and some particular cases of type C tumors.

In our study, we used the juxtacondylar approach in

one patient with a type B temporal PGL (patient 3,

Table 1) because the tumor was small, was closely

applied to the jugular bulb, and had good access

through the mastoid. This approach allowed a good

overview to the lateral part of the jugular foramen

and the jugular bulb without sacrifice of the middle

ear or the need to uncover the facial or lower cranial

nerves. Patient 2 (Table 1) demonstrated how one

could use the juxtacondylar approach alone for the

resection of an extra- and intradural tumor, or in

combination with an infratemporal approach to

enlarge the surgeon’s view and operate through

virgin territory, thus avoiding scar tissue.

The use of the juxtacondylar approach re-

quires a degree of experience when preparing the

vertebral artery, and this should include manage-

ment of complications such as damage to the

vessel. Our preparation by cadaver dissection, to-

gether with the assistance of an experienced neuro-

surgeon, helped us to become more and more

comfortable with the preparation of the vertebral

artery and the first and second cervical nerve. The

sitting position of the patient for the juxtacondylar

approach is not obligatory. The sitting position

creates a higher risk of air embolism than a laying

position when the surgeon opens the jugular bulb.

The anesthetist must be aware of this and prepare

accordingly.25 Our surgical outcomes bear testi-

mony to the facility of this approach; consequently,

we recommend it to the majority of head and neck

surgeons.

REFERENCES

1. Neumann HP, Bausch B, McWhinney SR, et al.
Freiburg-Warsaw-Columbus Pheochromocytoma Study
Group. Germ-line mutations in nonsyndromic pheochro-
mocytoma. N Engl J Med 2002;346:1459–1466

46 SKULL BASE/VOLUME 19, NUMBER 1 2009



2. Neumann HP, Pawlu C, Peçzkowska M, et al. European-
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