
The scope of endovascular contributions to the
management of intracranial pathology continues to
expand. Achieving stable endovascular access is rarely
a concern due to intracranial anastomoses and innova-
tion of techniques and devices. Occasionally, however,
an intracranial artery may be inaccessible due to
proximal occlusion or tortuosity, which would prevent
endovascular management. Direct cervical puncture
can overcome the occlusion of the proximal internal or
the common carotid arteries (CCA) [1, 2], but it is
possible depending on the point of arterial obstruction
and the available length of artery to be punctured.
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Purpose: Sometimes, intracranial pathology in the distal vasculature cannot be accessed by standard
endovascular techniques because of occlusion or insurmountable tortuosity of theinternal carotid
artery (ICA). A trans-sphenoidal surgical approach can follow a similar trajectory to the course of
the supraclinoid ICA. This study evaluates the feasibility of a trans-sphenoidal approach to the supr-
aclinoid ICA for endovascular access.

Materials and Methods: In a fresh cadaver head, the sphenoid sinus was dissected through a trans-sphe-
noidal route. Bone over the carotid prominence was removed to expose the ICA. The artery was
catheterized using the Seldinger technique, and three-dimensional digital subtraction angiography
was performed to evaluate the procedure.

Results: The catheter was successfully inserted into the supraclinoid ICA via the trans-sphenoidal route.
Three-dimensional radiographic reconstruction confirmed placement of the catheter and the tra-
jectory of the sheath into the supraclinoid ICA.

Conclusion: While the trans-sphenoidal route has innumerable disadvantages over the standard
endovascular access techniques, this route could be considered when other treatment options are
too risky or impractical.
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Distal access can be obtained through craniotomy, but
puncture of intracranial vessels and endovascular
navigation beyond the puncture site has not been
described to our knowledge.

Trans-sphenoidal surgery generally requires
avoidance of the anterior bend of the carotid siphon.
During pituitary surgery, the sella is identified between
the usual bony prominences overlying this segment of
the ICA. Anatomical studies have shown that the
superior-most aspect of the carotid prominence into the
sphenoid sinus, the presellar bony segment, can be
visualized in 98% of specimens [3]. Behind this
segment, the carotid artery often travels between the
lower and the upper dural rings before entering the
subarachnoid space. The relationship of the trans-
sphenoidal approach and the ICA provides two key

features aiding catheterization of the supraclinoid ICA.
First, the anterior bend of the ICA allows puncture of
the artery at an obtuse angle under direct visualization.
Second, the supraclinoid ICA travels posteriorly and
superolaterally in a trajectory quite similar to that
between the contralateral naris and this segment of the
ICA. In this study, we catheterized the supraclinoid
ICA of a human cadaver through a trans-sphenoidal
approach and assessed the viability of the technique
radiographically.

MATERIALS AND METHODS

The sphenoid sinus was accessed via trans-nasal,
microscope-assisted dissection of a fresh cadaver. The
sphenoid sinus was opened at both ostia and widened
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Fig. 1. (A) Microscopic view through the right naris into the left
superolateral sphenoid sinus demonstrates the lateral optico-
carotid recess (OCR) and bony prominences over the optic nerve
(ON) and internal carotid artery (ICA), (B) wire access from the left
naris into the left ICAprior to the cannulation with the access
catheter, (C) dual volume three-dimensional reconstruction image
of skull base and vessels shows the entrance of the catheter into
the left supraclinoid ICA and the origin of ophthalmic artery (*),
which was not visualized during dissection.

A B



anterolaterally. The microscope viewing angle was
directed through the right naris toward the left lateral
opticocarotid recess (Fig. 1A). The bony presellar
carotid prominence overlying the cavernous carotid
artery was drilled to expose the artery (Fig. 1B). The
Seldinger technique was used to gain access to the left
supraclinoid ICA with a needle that punctured the
visualized ICA from the left naris (Fig. 1C). A 4 Fr, 11
cm Avanti introducer sheath with dilator (Cordis,
Miami Lakes, FL, USA) was advanced along a wire,
and the wire and dilator were removed. The sheath, the
tip of which was previously marked with ink, was
inserted to a depth of 8-10 mm. After placement, the
sheath was sutured to the cartilaginous nasal septum. 

To confirm adequate placement of the sheath, the
cadaver was then examined with DynaCT (Siemens,
Erlangen, Germany). Eight second three-dimensional
digital subtraction angiography with injection of 24 mL
of 50% Isovue-250 through the sheath was performed.
Vascular access, relationship between ICA and sheath
trajectory were then analyzed using the Siemens
Leonardo workstation with InSpace three-dimensional
reconstruction.

RESULTS

Access to the supraclinoid ICA was successfully
achieved with the trans-sphenoidal approach. Dual
volume reconstruction showed the sheath, skull base,
and arteries with no apparent contrast extravasation
into the nasal sinuses or subarachnoid space. 

Dual volume images clipped parallel to the sheath

demonstrated excellent alignment in the sagittal plane
(Fig. 2A). An oblique axial slab showed adequate
alignment (Fig. 2B). Reconstruction also revealed the
origin of the ophthalmic artery, which was not seen
during dissection and vessel catheterization.

DISCUSSION

The trans-sphenoidal route provided viable access to
the left supraclinoid ICA in this study. We inserted an
introducer sheath through the left naris during the
direct microscope visualization through the contralat-
eral right naris. It would be better to align the sheath
trajectory to the left supraclinoid ICA through the right
naris; this contralateral approach may be easier using
endoscopic visualization through either naris. In
comparison to transfemoral access, placement of a
sheath directly into the supraclinoid ICA has
advantages of maximum device stability for endovas-
cular intervention and minimum arterial tortuosity to
optimize responsiveness of microwires and other
endovascular devices. A 4 Fr sheath would both
provide greater access than the largest distal access
catheters because there is no need for the guiding
catheters with larger diameter and minimize the size of
the puncture. However, the technique could be
expanded to larger catheters if needed. 

Very rarely, this approach may be the only option.
Endovascular treatment of a recurrent ICA aneurysm
previously treated with incomplete trapping could be
accomplished through this route. An acute ischemic
stroke caused by a middle cerebral artery (MCA)
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Fig. 2. Dual volume reconstruction images of skull base and vessels after contrast injection into the trans-sphenoidal catheter (A) sagittal
embedded multiplanar reconstruction shows the trajectory of the catheter (black arrow) entering the left ICA (*) in its supraclinoid
segment from the ipsilateral naris. (B) Access through the contralateral naris might improve axial trajectory (orange arrow).



thromboembolus often requires distal access with large
catheters for thrombectomy. If a stenotic, diseased
cervical carotid artery and small communicating
arteries prevent access through standard methods, the
trans-sphenoidal route may be considered for the MCA
access. Any situation where the carotid siphon is too
tortuous to navigate with a larger device, the trans-
sphenoidal route would allow direct, minimally
convoluted access to the supraclinoid ICA and
proximal MCA. Finally, during skull base surgery for a
tumor that has invaded the internal carotid artery, injury
to the petrous or cavernous segments may be difficult
to manage. These procedures often provide access to
the sphenoid sinus, and puncture of the clinoidal ICA
may be a fast maneuver to provide distal arterial
control, thus allowing the surgeon to attempt repair of
the internal carotid artery instead of sacrificing it.

Disadvantages to trans-sphenoidal endovascular
access make it an option in only rare circumstances.
First, neurointerventionalists not trained in skull base
surgery would require an access surgeon, and there is
morbidity and discomfort associated with any
transsphenoidal surgery. Second, endonasal surgery is
not sterile, and compared to transfemoral access, there
is a theoretical risk of infection seeding to the carotid
arterial distribution, cavernous sinus, or meninges.
However, endonasal surgery has not been shown to
have an increased infection risk compared to open
surgeries including craniotomy [4], though this 1.8%
infection rate is certainly significant compared to the
negligible rate of standard transfemoral endovascular
access.

Specific anatomical concerns include the ophthalmic
artery origin and location of the dural rings. The
ophthalmic artery has a cavernous origin in 8% of cases
[5], and puncture or avulsion could lead to ipsilateral
blindness and challenging bleeding. The length of the
extracavernous-prearachnoid or clinoid ICA segment
between the dural rings, the ideal puncture site, is
approximately 3.1 mm in length but varies from 0.5-
6.5 mm [6]. Puncture above the upper dural ring
superior to the clinoid segment of the ICA could
produce a cerebrospinal fluid leak or subarachnoid
hemorrhage, and puncture below the inferior dural ring
could produce a carotidcavernous fistula. But consistent
localization of the segment between the dural rings with
preoperative imaging may not be realistic. 

The biggest concern with trans-sphenoidal endovas-
cular access is closure of the puncture site, assessment
of which was not possible in our cadaver study. Beyond
initial closure, more insidious complications of

pseudoaneurysm or carotid-cavernous fistula formation
increase the overall morbidity risk. The technique does
offer two advantages over trans-femoral access related
to closure. First, the actual puncture is smaller in
diameter and performed under direct visualization;
second, direct endoscopic or microscopic visualization
of the puncture site can help focal manual compression
with a thrombotic agent. An intravascular balloon-
extravascular thrombostatic plug mechanism similar to
that employed by the Mynx closure device
(AccessClosure, Mountain View, CA, USA) would
potentially be effective for arteriotomy closure under
direct visualization. Until a punctured internal carotid
artery can be safely and consistently sealed after a
trans-sphenoidal endovascular procedure, use of this
route for endovascular access should be limited to
extreme circumstances.

One additional complication could be unexpected
loss of access due to sheath pullout. Access depth of
approximately one centimeter and a suture in the naris
were adequate for securing the sheath during manipula-
tion in the current study. However, the neurointerven-
tionalists must be aware that an inadvertent move could
leave a gushing hole in the artery if the sheath comes
out.

There were several limitations to the current study.
Endoscopy rather than surgical microscopy would have
facilitated operative access to the lateral optico-carotid
recess. Three dimensional image guidance could assist
in optimizing both entry point and trajectory of catheter
placement. These tools would help any attempt of this
procedure. A single cadaver was investigated, and
while the trajectory and landmarks were excellent, the
study does not account for anatomical variation. The
magnitude of bleeding issues from both the cavernous
sinus and carotid artery could not be appreciated.

In conclusion, trans-sphenoidal approach to the
supraclinoid ICA is unlikely to become a common
endovascular practice, but it may provide the only
probable access for a patient with difficult proximal
anatomy when alternative options are too risky or
impractical.
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