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Glomus tympanicum and jugulare tumors arise within the middle ear and jugular 
fossa , respectively , but often extend into the adjacent areas of the skull base and 
posterior fossa . Multiple branches of the external carotid , internal carotid , and vertebral 
arteries may contribute to the vascular supply of these lesions. The arteriograms of 15 
patients with glomus tumors were correlated with the surgical findings to determine if 
selective arteriography could define precisely the involvement within the middle ear , 
jugular fossa , and mastoid. The arteriographic mapping correlated well with the surgical 
findings in nine of 13 cases that had surgery, but a few important limitations were 
found. Therefore, a new arteriographic projection , called a transcanalicular view, is 
proposed that separates the middle ear from the jugular fossa, allowing for better 
visualization and assessment of the tumor blush . 

Glomus tympanicum and jugulare tumors arise from paragang lioni c glomus 
tissue within the middle ear and jugular fossa. Improved microsurgi ca l techniques 
in association with preoperative embolization have allowed complete resection of 
these vascular tumors in many cases with minimal blood loss [1 , 2). Previous 
reports have described successful embolization of g lomus tumors [3-7). Selec
tive arteriography is mandatory to define prec isely the locati on and extent of 
these tumors for such treatment. In this report, we describe the arteriographic 
techniques, propose the optimum rad iographic positions, review the complex 
arterial anatomy of the region, and eval uate the arteri al pedicles of glomus 
tympanicum and jugulare tumors. 

Anatomy 

In 1953, Nager and Nager [8] made an elegant investigation of the arteri es of 
the middle ear by tracing the arteri es through serial microscopic sec ti ons (figs. 
1 A and 1 B) . Holgate et al. [9] also summarized the vascu lar supp ly to the 
temporal bone. Three arteries provide the major vascular supply to the midd le 
ear: (1) the inferior tympanic, (2) anterior tympanic, and (3) sty lomastoid. The 
superior tympanic , caroticotympanic, and the artery of the eustach ian tube also 
make significant contributions. The arteries of the middl e ear anastomose exten
sively with each other. The vascular territories of the various arteri es are illus
trated in figures 1 C and 1 D. 

The inferior tympanic artery is most often a branch of the ascend ing pharyngeal 
artery. On occasion it ari ses from the occ ipital artery or it may have a common 
origin with the posteri or auricular artery. 

The anterior tympanic and deep auric ular arteries most common ly arise from 
the internal maxillary artery just proximal to the superficial temporal artery, but 
may also arise from the middle meningeal, deep temporal, o r inferior alveolar 
arteries [10). These arteries may have a common origin and are very difficult to 
separate even on mag nification angiography. The deep au ri cu lar artery g ives a 
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1C 
Fig. 1 .-Arteries o f laleral (A) and media l (8) wa lls of middle ear and adjacen t masto id and jugular 

fossa (modified from [8]). C and D, Approx imate arteri al terri tories. 
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IX GLOSSOPHARYNGEAL 
SYMPATHETIC T RUNK 

Fig . 2.-Nerves and g lomus tissue in jugular fossa and middle ear. Glomus 
bodies ( solid areas ) concen trated in adven ti tia of jugular bulb , over prom
ontory in relation to Jacobson nerve and along nerve o f Arnold . 

significant vascular supply to the extern al auditory canal 
and outer vascular ring of the tympanic membrane . A small 
branch courses medially beneath the tympanic membrane 
to supply the lateral floor of the middle ear cavity . It mayor 
may not contribute to the inner vascular ring of the tympanic 
membrane. The deep auricular artery also anastamoses with 
the anterior tympanic artery anterior to the tympanic mem
brane [8). 

The stylomastoid artery arises from the occ ipital artery in 
60% of cases and from the posterior auricular artery in 40% 
[10). Within the facial canal, it gives rise to the posterior 
tympanic artery , whi ch follows the chorda tympani nerve 
into the middle ear. The superior tympanic and petrosal 
arteri es ari se from the middle meningeal artery just above 
the foramen spinosum and run with the greater and lesser 
petrosal nerves, respectively , to reach the middle ear [8). 

The origin of the artery of the eustachian tube is more 
complex . At least four arteri es anastomase near the pharyn
geal end of the auditory tube, inc luding the ascending 
pharyngeal artery , accessory meningeal artery , vidi an ar
tery , and pharyngeal branch of the d istal inte rn al maxi llary 
artery . One or more of these vessels may contribute to the 
artery of the eustachian tube [10-1 3). 

The blood supply to the facial nerve is derived from the 
styl omastoid , petrosal, and internal auditory arteries (fig . 
1 B). The superior tympanic artery may suppl ement or re
place the contribution of the petrosal artery [8 , 14, 15). 

In a careful anatomic study of 88 ears in 1953, Guild [16] 
found the glomus bod ies c lose ly assoc iated with the Jacob
son nerve (tympanic branch of the glossopharyngeal nerve) 
in 54% and the Arnold nerve (auricular branch of the vag us 
nerve) in 4 6% (fig . 2). Both nerves are supplied by the 
inferi or tympanic artery , a branch of the ascending pharyn
geal artery (fig . 1 B) . The inferior tympanic artery travels with 
the Jacobson nerve through Jacobson canal to reach the 

Fig. 3 .- Transcanalicular view. Lateral projection with head rotated 20° 
contralateral and tilted 20° away from side of lesion. Middle ear of side of 
interest ( dotted oval) projected slightly anterior and superi or to jugular fossa 
(dashed line ). R = right pet rous bone; L = left petrous bone. 

middle ear [8). Guild also noted that some or all of the 
glomus bodies along the Arnold nerve were actually innerv
ated by an anastomotic branch from the inferior ganglion of 
the glossopharyngeal nerve . One-half of the glomus bodies 
were located within the adventitia of the jugular bulb in the 
posterior lateral part of the jugular fossa [1 6). Of note is that 
this is close to the stylomastoid foramen and stylomastoid 
artery. 

Materials and Methods 

Th e arteriograms of 15 patients with glomus tympanicum and 
jugulare tumors at Massachusetts General Hospital and Massachu
setts Eye and Ear Infirmary were reviewed to determine the arterial 
supply of these lesions. Selective arteriography was performed in 
10 cases. Several radiographic projections were used to determine 
th e best views for identifying the feed ing arteries and the tumor 
blush. The arteriog rams were correlated with th e surgical findings 
to see if the arteriog rams could define prec isely the involvement 
within the middle ear, jugular fossa, and mastoid reg ions. Two 
patients did not have operative intervention. 

Technique. To permit selecti ve catheterization of small feeding 
arteries, we prefer a 4 French polyethylene catheter with a slight 
bend in the distal 1 cm to aid in directing the tip . With a Seldinger 
technique, a 4 Frenc h Tefl on thick wall dilato r is introduced into the 
femoral artery using a 20 gauge Potts-Cournand needle (Becton
Dic kin son, Ruth erford , N.J.) and a 0 .064 cm guide wire (TSFNB , 
Cook, Inc., Bloomington, Ind .). The dilator is exchanged for a thin 
wall 4 French polye thylene d ilator, and the guide wire is exchanged 
for one of a 0.08 1 c m size (TSFNB) . Th e d ilator is removed and the 
4 French polyethylene curved catheter is inserted. This techn ique 
allows fo r minimum trauma to th e artery and the delicate catheter. 
An alternative method is to use a coax ial sheath introducer. After 
the catheter is manipulated into the external carotid artery , only a 
very fl ex ible guide wire (TSFB, Cook) is used for further selec ti ve 
catheteri zation of the external carotid artery branc hes. 
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Initially, ex ternal carotid arteriog raphy is performed in two pro
jec tions to identify the arterial feeders to th e tumor. For the lateral 
projection, the head is rotated 20° contra laterally . This projects the 
petrous bone in a window between the superfi c ial temporal and 
occipital arteries. The anterior tympanic, inferior tympanic, and 
stylomastoid arteries are best separated on this view. The superfi
c ial temporal artery is also projec ted an terio r to the middle menin
geal artery, giving an unobstruc tured view of the middle meningeal 
branches to th e petrous bone . Th e proximal ascending pharyngeal 
artery is part ly obscured by the external carotid artery , but the 
ascending pharyngeal artery is seen well on the anteroposterior 
oblique view, which is made with the head rotated 45° contralat-

B 

Fig . 4. - Glomus jugulare: jugular fossa, facial canal, internal aud ito ry 
canal, hypotympanum. A, External ca rot id art eriogram, lateral view with 20° 
contralateral head rotation . Tumor blush positioned between middle menin
geal and occip ital arteries. Superficial temporal artery has rotated anteri or 10 
middle meningeal artery. Arteri al feeders include ascending pharyngeal , 
stylomastoid, and anterior tympanic arteries. Anteroposterior oblique (6 ) and 
transcanalicular (e ) views of selective ascending pharyngea l injec ti on. En
larged inferior tympani c artery. Transcanalicu lar view projects tympanic 
cav ity above jugular fossa . Vascu lar ring (arrowheads) witllin middle ear. 
Artery o f eustachian tube opacified even though tumor does not involve 
protympanum . 1 = inferior tympanic artery, 2 = anterior trunk of ascending 
pharyngeal artery, 3 = stylomastoid artery, 4 = occipital artery , 5 = an lerior 
tympan ic / deep auricu lar artery, 6 = middle meningeal art ery, 7 = draining 
vein, 8 = vid ian artery, 9 = accessory meningeal art ery, 10 = artery of 
eustach ian tube, small circ le = vascu lar ri ng about pharyngeal end of 
eustachian tube. 

erall y and the central ray parallel to Reid baseline. The contralateral 
head rotation moves th e teeth away from the ascending pharyngeal 
artery . Th e external carotid , occ ipital, and poster ior auricu lar art er
ies may be superimposed on this view. Alternate biplane filming is 
possible with a C-arm ang iographic unit. After positioning for th e 
lateral project ion, the C-arm is rotated 35 ° in the appropriate 
direction to achieve the 45° anteroposterior oblique view. 

For the selec tive injections the same views are used except on 
the lateral view th e head is also tilted 20° away from the side of the 
lesion. This can also be done by ang ling the lateral tu be and 
c hanger. On this view, the middle ear cav ity is projected slightl y 
above and anterior to th e jugular fossa . In add iti on , the midd le ear 
is viewed through the external auditory canal (transcanalicular view) 
(figs . 3 and 4) . 

The ascending pharyngeal , occipi tal, and posterior auricular 
arteries can usually be cathe terized se lec ti ve ly with little technica l 
difficulty . Th e injecti on rate and volume of co ntrast material are 
adjusted according to the size of the artery. Selec ti ve middle 
meningeal injec tion is usually necessary to visualize the superior 
tympanic and petrosal arteries. The an terior tympanic and artery of 
the eustachian tube usually cannot be selec tively ca theterized . To 
better visualize these arteries, th e catheter is posi tioned just prox
imal to the origin of the superficia l temporal artery. 
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TABLE 1: Relative Importance of Arterial Pedicles 

Arterial Pedic le 

Inferior tympanic 
Meningeal branch of ascending pharyngeal 
Stylomastoid 
Mastoid branc hes of occipital 
Anterior tympanic / deep auricular 
Superior tympanic 
Petrosal branch of middle meningeal 
Artery of eustachian tube 
Carotico tympanic 
Vertebra l 
Posterior inferior cerebellar 
Anterior inferior cerebellar 

No. Cases (n = ' 5) 
in which it : 

Supplied Was Major 
the Tumor Contributo r 

13 
6 

12 
5 
3 
2 
3 
1 
3 

12 
1 
9 
2 

1 
o 
o 
o 
o 
o 

A selec tive internal carotid arteriogram is essential to detect any 
contribution from the carotiocotympanic artery . A vertebral arterio
gram also must be obtained to rule out posterior fossa extension. 
Furthermore, th e vertebral artery may occasionally assume part o f 
th e territo ry normally supplied by the ascending ph aryngeal artery. 

Results 

Our ex perience is summarized in table 1. Good or excel
lent arteriograms were obtained in 11 of 15 cases . Three of 
the other four arteriograms were obtained before 1975, 
when the speci al technique was developed. In the other 
case, tortuous arterioscleroti c arteries precluded a selective 
study. 

The deep auricular artery could not be identified sepa
rately on the arteriograms and was therefore grouped with 
the anterior tympanic artery . However , these two arteries 
may have a common origin . The anterior tympanic artery 
can be distinguished if the chorda tympani branch is iden
tifi ed . 

Four glomus tumors were supplied by a single arterial 
pedicle, three by the inferior tympanic artery and one by the 
stylomastoid artery . Two of the three tumors supplied by the 
inferi or tympanic artery were glomus tympanicum tumors 
confined to the middle ear. The other was a glomus jugulare 
tumor that extended deep into the petro us bone . There 
probably were other arteri al pedic les that were not identified 
on the arteriogram, which was not of good quality . The 
tumor supplied by the stylomastoid artery was centered 
around the stylomastoid foramen, vertical facial canal, pos
terior middle ear, and adjacent jugular fossa. The other 11 
tumors had two or more arterial pedicl es. 

In the two cases that had no contribution from the inferior 
tympanic artery, the stylomastoid artery was the major ar
teri al feeder (fig . 5) . One was assoc iated with a facial nerve 
palsy. 

There was good correlation between the surg ical findings 
and the arteriographic mapping in nine cases. In two of 
these cases, extension to the carotid canal could not be 
evaluated because the internal carotid artery was not stud
ied . Of the four cases with some discrepancy, one had an 
inadequate surgical desc ription , two had poor or fa ir arter io-

Fig. 5 .-Glomus jugulare: jugular fossa , masto id tip , posterior middle ear, 
fac ial canal. External ca rotid arteriogram. Markedly enlarged stylomastoid 
artery supplies tumor (arrowheads ) in jugular fossa reg ion. No arterial supply 
evident from ascending pharyngeal artery. 3 = styl omasto id artery, 11 = 
posteri or auricular artery. Tumor stain we ll seen on thi s obli que lateral view , 
but middle ear cannot be separated from jugular fossa. 

grams, and in the other an injection of the middle meningeal 
artery with the catheter in a wedged position resulted in 
collateral filling of multiple arteries of the middle ear (fig. 6) . 

Nine of the 13 patients who had surgery had glomous 
jugulare tumors. Si x of these extended into the midd le ear, 
five involved the mastoid, and one extended into the poste
rior cranial fossa. Of the four glomus tympanicum tumors, 
one extended outs ide the middle ear and one was associ
ated with multiple glomus tumors. 

Discussion 

Guild [16] first coined the term " glomus jugulare" for 
vascular tumors arising from the glomus tissue within the 
jugular fossa. After further investigation by Rosenwasser 
[17], the term glomus tympanicum was introduced for those 
tumors arising within the middle ear. The symptoms and 
clinical findings of these tumors have been thoroughly de
scribed in the literature [18, 19]. Conventional radiographic 
findings have also been reviewed [20]. A number of glomus 
tumors examined by selective arteriography have been re
ported [4-6 , 9 - 11 , 21 , 22]. 

Preoperative localization is essential because the opti
mum surgical approach, particularly for glomus tympani
cum , depends on the location and extent of the tumor. If the 
tumor is confined to the mesotympanum , a transcanalicular 
approach (through the external auditory canal) can be used. 
A hypotympanic approach is used if the tumor involves the 
mesotympanum and hypotympanum , but siJares the protym
panum . If there is posterolateral extension into the region of 
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A 
Fig . 6. -Glomus tympanicum : promontory, hypo tympanum . A , Selective 

middle meningeal arteriogram. Small g lom us tumor (arrowheads) within 
middle ear supplied by superior tympanic and petrosal arteries. Retrograde 
fill ing of inferior tympanic and stylomastoid arteries. B , Select ive posterior 

Fig . 7.-Glomus jugulare: mesotympanum , protympanum , jugular fossa. 
Selective ascending pharyngeal injec ti on. Marked ly en larged inferior tym
panic artery and additional supply from meningeal branch. Contribution from 
artery of eustachian tube indicates ex tension to protympanum . 1 = inferior 
tympan ic artery , 2 = anterior trun k of ascending pharyngeal artery, 10 = 

artery of eustach ian tube, 14 = meningeal branch. 

the facial canal , a radical mastoidectomy must be done 
along with the hypotympanic resection . The faci al nerve 
may be surrounded by tumor without a resulting paralysis , 
and it is still possible in such cases to surgically exteriorize 
the facial nerve and achieve a complete resection [2 , 20]. If 

B 
auri cular injection. Fain t blush (arrowheads) supplied by stylomastoid artery . 
There was retrograde filli ng of pe rosal artery on lateral view . Tumor was 
confined to promontory and hypotympanum. 1 = inferior tympanic artery, 3 
= stylomastoid artery. 12 = superi or tympanic artery , 13 = petrosal artery. 

Fig. 8. - Glomus jugulare: no surgery. Extern al ca rotid arteriog ram . Com
mon orig in of posteri or trunk o f ascending pharyngeal and occ ipital and 
posterior auricular arteries. Inferior tympanic and stylomastoid arteri es are 
major contribu to rs to g lomus tumor w ithin jugular fossa. Tumor blush also 
seen within tympanic cavity (arrowheads) . Supply from anterior tympanic 
artery indicates extension to lateral wa ll of middle ear . 1 = inferior tympanic 
artery, 3 = stylomastoid artery, 5 = anterior tympan ic artery . 

the tumor extends into the protympanum or carotid cana l, it 
is very likely unresectable [ 1]. 

Since the arteri al supply to the middl e ear, jugul ar fossa, 
and mastoid has been prec ise ly mapped out [8] , the extent 
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A 
Fig. g. -Glomus jugulare: jugular fossa, masloid , basisphenoid , foramen 

magnum, middle ear. A, Seleclive occipilal arleriog ram. Prominenl arterial 
supply 10 lumor and CI collalerallo verl ebral arlery. B, Verl ebral arleriogram. 
Conlribulions from anlerior inferior cerebellar (AICA) and poslerior inferior 
ce rebellar (PICA) arteries indicale ex lension into poslerior fossa. Prominenl 

of a glomus tumor can be determined by the arteries that 
supply the tumor. Since the glomus tissue is located along 
the Jacobson and Arnold nerves and since the inferior 
tympanic artery supplies both of these nerves, it is not 
surprising that the inferior tympanic artery is the most com
mon arteri al feeder to glomus tympanojugular tumors (figs. 
4, 7, and 8). The vascular territory of the inferior tympanic 
artery inc ludes the jugular bulb and fossa and the hypo- and 
mesotympanum. The meningeal branch of the ascending 
pharyngeal artery may also contribute as it passes through 
the jugu lar foramen (fig . 7) . Glomus jugul are tumors readily 
parasitize the stylomastoid artery (figs. 4 and 8). This also 
is not unexpected since the glomus tissue is concentrated 
in the adventitia of the posterolateral jugular bulb c lose to 
the stylomastoid foramen [8]. With further posterolateral 
extension into the mastoid , the mastoid branches of the 
occ ipital artery may give additional supply (fig . 9A). The 
anterior inferior and posterior inferior cerebe llar arteries 
contribute if there is superior extension through the jugular 
foram en into the posterior fossa (fig. 98). 

Glomus tympanicum tumors arise over the promontory 
and are supplied predominantly by the inferior tympanic 
artery. Posterior extension involves the territory of the sty
lomastoid artery . Glomus jugulare tumors usually enter the 
tympanic cav ity through the hypotympanum and first involve 
the arterial territories of the inferior tympanic and stylomas
toid arteries. Superior extension within the middle ear is 
indicated by arteri al supply from the superior tympanic and 
petrosal arteri es. Contribution from the caroti cotympanic 
artery or artery of the eustachian tube (fig . 7) indicates 
involvement of the protympanum . The anterior tympanic 

B 
arteri al supply was also seen from stylomastoid, inferior tympanic , and 
meningeal branches of ascend ing pharyngeal arteries. Tumor blush (arrow
heads ). 4 = occipital artery, 15 = muscular branch and CI collaleral between 
occ ipital and vertebral arteri es, 16 = vertebral artery , 17 branch of AICA, 18 
= hemispheric branch of PICA . 

arterial territory becomes involved by erosion of the ossic les 
or extension of tumor to the lateral wall of the middle ear 
and aditus (figs . 4 and 8). The deep auricular artery be
comes a factor when there is extension of tumor into the 
external aud itory canal. 

The arteriographic mapping correlated well with the sur
gical findings in nine of 13 cases that had surgery. However, 
there are a few important limitations to the technique of 
determining the extent of the g lomus tumor solely on the 
basis of the arterial supply. The inferior tympanic artery 
supplies both the middle ear and the jugular fossa. There
fore, extension of a tumor from the jugular fossa to the 
middle ear or vice versa cannot be determ ined from the 
arterial ped icle alone. A similar problem exists with the 
stylomasto id artery because it supplies the middle ear, facial 
cana l, and mastoid . Furthermore, a glomus jugulare tumor 
may extend anteriorly to involve the carotid canal and car
oticotympanic artery territory without involving the middle 
ear . Finally , there are extensive arterial anastomoses within 
the middle ear, and a wedge injection of a sing le feeder may 
result in collateral fi ll ing of other arterial territories (figs. 4C 
and 6). 

For these reasons , the information about the arterial pe
dicles must be correlated with the location and extent of the 
vascu lar blush. To do this, the middle ear cavity must be 
separated from the jugular fossa. We have found the trans
canalicular view the best to accomplish this (fig. 3). This 
view projects the middle ear cavity slightly anterior and 
superior to the jugular fossa . Also the middle ear is viewed 
through the window of the external auditory canal. The 
subtraction artifact from the base of the skull is diminished. 
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Other views are less useful. A straight lateral view pro
duces profound petro us subtraction artifacts. Ipsilateral ro
tation on the lateral view often projects the superficial tem
pora l artery over the middle ear and jugu lar fossa. We have 
not found a base view very helpful. 

Most glomus jugu lare tumors involve multip le arterial ter
ritories by the time they are detected, whereas glomus 
tympanicum tumors are seen earlier and may have a single 
arterial pedicle . In two of the glomus tumors, the major 
arterial pedicle was the stylomastoid artery, and there was 
no contribution from the inferior tympanic artery (fig . 5). 
Both tumors involved the posterior middle ear, vertical part 
of the facial canal, and adjacent jugular fossa. These tumors 
probably arose from the glomus tissue associated with the 
nerve of Arnold w ithin the petrous bone or wtihin the fac ial 
canal (fig . 2) . 

These observations bring up two important points. First, 
although both tumors were called glomus jugulare , this is 
really a misnomer, since they very likely did not arise within 
the jugular fossa or bulb . Second, it is interesting that the 
inferior tympanic artery did not supply either of these tumors 
even though the classical anatomists state that the inferior 
tympanic artery supplies both the Jacobson nerve and the 
nerve of Arnold [1 6]. The data from these two cases suggest 
that although the inferior tympanic artery supplies the nerve 
of Arnold within the adventitia of the jugular bu lb and jugular 
fossa, when the nerve enters the petro us bone and facial 
canal, its blood supply is assumed by the stylomastoid 
artery. It is known that the stylomasto id artery supplies both 
the vertical part of the facial nerve and the adjacent petrous 
bone [8]. 

An understanding of the arterial anatomy reveals some 
clinical implications for embolization of glomus tympanicum 
and jugulare tumors . Since the petrosal and stylomastoid 
arteries supply the facial nerve, there is a higher risk of 
producing a facial nerve paralysis when embolizing these 
arteries, particu larly when using liquid embolic agents. Also, 
due to the rich anastamoses between arteries within the 
midd le ear, over- injection of liquid embolic agents into any 
one artery with a wedged catheter or balloon occ lusion 
could resu lt in compromise of the facial nerve. If an occipi
tovertebral anastamosis exists and the stylomastoid artery 
arises from the occipital artery, selective catheterization of 
the stylomastoid artery or temporary occlusion proxi mal to 
the anastamosis is imperative for safe embolization. 
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