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Trigeminal-Cavernous Fistula: Saltzman Anatomy Revisited

John D. McKenzie, Bruce L. Dean, and Richard A. Flom
Summary: We report a case of a carotid-cavernous fistula
through a persistent trigeminal artery with endovascular treat-
ment, and discuss the Saltzman classification of persistent tri-
geminal artery anatomy and its importance in treatment of this
lesion.

Index terms: Arteries, trigeminal; Fistula, carotid-cavernous;
Interventional neuroradiology

Carotid-cavernous fistulas are abnormal
communications between the carotid artery and
the cavernous sinus. They have been classified
depending on their pathogenesis or on the arte-
rial origin (1, 2). We present a case of a trau-
matic carotid-cavernous fistula originating
through a persistent trigeminal artery. We re-
view the Saltzman classification scheme and its
pertinent functional implications regarding en-
dovascular therapy.

Case Report
A 36-year-old man presented with proptosis and che-

mosis of the left eye, a left sixth cranial nerve palsy, and an
audible bruit 6 months after a motor vehicle accident.
Angiography was requested and performed using cut-film
and digital subtraction techniques. The diagnostic angio-
gram demonstrated a fistula between a persistent trigem-
inal artery off the left internal carotid artery and the cav-
ernous sinus (Fig 1A). This was confirmed with the
vertebral artery injection and concomitant left common
carotid artery compression.

The exact location of the fistula was determined by
superselective arteriography through a Tracker-18 cathe-
ter (Target Therapeutics, Fremont, Calif). A 1505M de-
tachable silicone balloon was mounted on a steamed and
preshaped Hieshema taper select delivery system (ITC,
South San Francisco, Calif) and placed into the venous
chamber of the fistula (Fig 1B). Under fluoroscopic con-
trol, the balloon was inflated and detached at this position
(Fig 1C). Postembolization angiography demonstrated

nonfilling of the arteriovenous fistula and preservation of
the internal carotid artery and persistent trigeminal artery
(Fig 1D). At 6-month follow-up, the bruit was absent,
proptosis and chemosis had resolved, and the left sixth
cranial nerve palsy improved.

Discussion

The persistence into adulthood of the preseg-
mental dorsal artery that accompanies the first
division of the trigeminal nerve was described
by Quain in 1844. The angiographic anatomy
and classification were described by Saltzman
in 1959 (3) and Wollschlaeger in 1964 (4). The
fetal anatomy was reported by Khodadad in
1976 (5). Aneurysms may form at the origin of
the primitive trigeminal artery (6, 7). These pa-
tients also may have other associated vascular
anomalies (8). Rupture of persistent trigeminal
artery aneurysms can result in subarachnoid
hemorrhage or carotid-cavernous fistulas (9,
10). Treatment of these arterial fistulas has
evolved from internal carotid artery ligation to
endovascular occlusion with a detachable bal-
loon (11–13).
The trigeminal artery is the most frequent

persisting carotid-basilar anastomosis and is
seen in 0.3% of angiograms (6, 8, 14). We
present the preferred therapy of a trigeminal
artery–cavernous fistula with detachable sili-
cone balloon occlusion. Emphasis is placed on
an understanding of the Saltzman anatomy and
its two predominant variants.
In Saltzman type 1 anatomy, the basilar ar-

tery proximal to the insertion of the persistent
trigeminal artery may be hypoplastic, and the
posterior communicating artery may be absent
(Fig 2A). Thus, the persistent trigeminal artery
is the main supply to the distal basilar artery,
posterior cerebral artery, and superior cerebel-
lar artery territories. The posterior communicat-
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Fig 1. A, Left internal carotid artery arteriogram, lateral projection, showing carot-
id-cavernous fistula via persistent trigeminal artery. The posterior cerebral artery fills
from the posterior communicating artery (Saltzman type 2).

B, Detachable silicone balloon manipulated into the venous chamber.
C, Balloon inflated, obliterating the arteriovenous fistula.
D, Postembolization arteriogram with obliteration of arteriovenous fistula and pres-

ervation of the internal carotid artery and trigeminal artery.
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ing artery may be hypoplastic or aplastic. This
patient exhibits an example of Saltzman type 2
anatomy in which the persistent trigeminal ar-
tery joins the basilar artery below the origin of
the superior cerebellar arteries, and the poste-
rior cerebral arteries receive their blood supply
predominantly through patent posterior com-
municating arteries (3) (Fig 2B). The relative
incidence of these two main types is equal. Nu-
merous Saltzman variants, sometimes called
Saltzman type 3, have been described (15–17).
An understanding of this arterial anatomy is
important, especially when the parent artery
(the persistent trigeminal artery) is sacrificed
during treatment (14).
Traumatic carotid-cavernous fistula occurs in

the cavernous portion of the internal carotid
artery as a result of an arterial tear. The persis-
tent trigeminal artery, not an uncommon inci-
dental finding, may be the site of fistulization as
in this case. As with the classic form of an
arteriocavernous fistula, a trigeminal-cavernous



Fig 2. A, Saltzman type 1. The persis-
tent trigeminal artery supplies the posterior
cerebral and superior cerebellar territories.
Midbasilar and posterior communicating ar-
teries are hypoplastic.

B, Saltzman type 2. The patent posterior
communicating artery supplies posterior ce-
rebral artery territory, and the persistent tri-
geminal artery joins the basilar artery at the
level of the superior cerebellar artery.
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fistula may be treated successfully through an
endovascular approach with minimal morbidity.
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