ORIGINAL ARTICLE

Possibility of Middle Meningeal

Artery-to-Petrous Internal Carotid Artery
Bypass: An Anatomic Study

Mehmet Erkan Ustiin, M.D.,' Mustafa Biiyilkmumcu, Ph.D.,>
Muzaffer Seker, Ph.D.,”? Ahmet Kagan Karabulut, M.D.,>
ismihan ilknur Uysal, M.D.,2 and Taner Ziylan, Ph.D.2

ABSTRACT

The possibility of creating a middle meningeal artery (MMA)-to-petrous
internal carotid artery (ICA) bypass was investigated in six cadavers (bilaterally).
Such a procedure could be used to treat patients with high cervical vascular lesions
and those with tumors of the infratemporal fossa invading the high cervical ICA.
After a frontotemporal craniotomy, the foramen spinosum and foramen ovale were
exposed extradurally. Immediately posterior to the foramen ovale and medial to the
foramen spinosum, the petrous portion of the ICA was exposed with a diamond-
tipped drill. The MMA was lifted from its groove, and a sufficient length was
transected to perform a bypass with the petrous ICA medially. The mean width of
the MMA at the site of anastomosis was 2.3 £0.35 mm. The mean length of
MMA from the foramen spinosum to the site of the anastomosis was 9.6
1.7 mm. Based on these measurements, width and length of MMA appear to be
sufficient for a bypass with petrous ICA.
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High cervical vascular lesions or tumors that
invade the high cervical internal carotid artery
(ICA) may be treated with a bypass procedure.
Ideally, the bypass graft should be long enough
and should provide enough blood flow to approxi-
mate that of the bypassed ICA. To obtain adequate

blood flow, the diameter of the donor artery must be
sufficient. Miyazaki et al' described a cervical-to-
petrous ICA bypass procedure using a saphenous
vein graft to reconstruct the ICA during removal of
tumors. Fitzpatrick et al® described a similar proce-
dure for the treatment of high cervical or skull base
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ICA aneurysms or dissections. The patency of a
bypass with a vein graft, however, is less than that of
a direct arterial-to-arterial bypass.>* Therefore, we
studied whether the caliber and length of the mid-
dle meningeal artery (MMA) would be suitable for
a bypass with the petrous ICA.

METHODS

Six adult cadaveric heads were dissected bilaterally.
In the supine position, the heads were turned
70 degrees from the side of dissection. A preauric-
ular frontotemporal skin incision was used. After
interfascial dissection and downward reflection of
the temporal muscle, a frontotemporal craniotomy
was performed.

The dura mater of the temporal lobe was
carefully separated from the temporal fossa and
elevated along the course of the MMA to the
foramen spinosum. The exposure was continued
medially and anteriorly to the foramen ovale. Just
posterior to the foramen ovale and medial to the
foramen spinosum, the petrous portion of the ICA
was exposed with a diamond-tipped drill. The
MMA lies in a groove after it emerges from the
foramen spinosum. The MMA was lifted from its
groove and carefully separated from the middle
meningeal veins. The greater petrosal nerve was
identified and sectioned.

The floor of the middle fossa was drilled, and
the petrous ICA was exposed from the level of the
trigeminal ganglion to the vertical segment of the
intrapetrous ICA. The Eustachian tube was opened
to obtain unobstructed access to the ICA and to
allow a vascular loop to be secured around it.
Caution was taken to avoid injury to the geniculate
ganglion of the facial nerve and cochlea. The carotid
artery was mobilized and secured with a no. 1 nylon
vascular loop passed through a small silastic tube
with a flanged tip. Thus, a segment of the intra-
petrous ICA, averaging 15 mm long, was exposed
and used as described by Al-Mefty.” A sufficient
length of the MMA was transected to perform an

Figure 1 End-to-side bypass of the middle meningeal
artery (MMA)-to-petrous internal carotid artery (ICA).

end-to-side bypass with the petrous ICA using an
interrupted 7-0 prolene suture medially (Figs. 1, 2).

The diameter of the MMA at the site of
anastomosis and the length of the MMA from the
foramen spinosum to the site of anastomosis were
measured with an electronic caliper.

Figure 2 Schematic illustration of middle meningeal
artery (MMA)-to-petrous internal carotid artery (ICA)
bypass. ON, optic nerve; TN, trigeminal nerve.
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RESULTS

The mean diameter + SD of the MMA at the site of
anastomosis was 2.3 = 0.35 mm (range, 1.9 to 2.6).
The mean length of the MMA from the foramen
spinosum to the site of anastomosis was 9.6+
1.7 mm (range, 7 to 12 mm).

DISCUSSION

Numerous techniques to expose the distal cervical
ICA for the direct repair of dissections or aneurysms
have been described.?®"'? However, all direct ap-
proaches are limited by the proximity of the lesion
to the skull base.”!*1314

Four bypass procedures have been used to
treat distal cervical/skull base ICA vascular lesions
and skull base neoplasms: the superficial temporal-
to-middle cerebral artery (STA-MCA), cervical-to-
supraclinoid ICA, maxillary-to-supraclinoid ICA,
and cervical-to-petrous ICA anastomosis. 2121516
The first three procedures require intradural expo-
sure of either the MCA or the supraclinoid
ICA. An STA-MCA bypass does not isolate the
damaged ICA from the circulation, and the patient
is left at risk for thrombosis and ischemia from
emboli. At least initially, the small diameter of the
STA does not supply blood flow equivalent to
the damaged ICA. The loss of blood flow may be
clinically significant in patients who already suffer
from ischemia caused by hypoperfusion.? Cervical-
to-supraclinoid ICA and cervical-to-petrous ICA
bypasses require long vein grafts that require more
time to perform because a double anastomosis is
necessary. Although these are high-flow grafts,
their patency rate at 18 months is only ~76%."

Other revascularization techniques, such as
external carotid artery-to-MCA saphenous vein
grafts, yield high-flow grafts but have even lower
rates of patency (~60%).> Virionis et al'? described
a new bypass graft to the supraclinoid ICA using the
maxillary artery with a width of 2.2 mm at the
anastomosic site. The procedure, however, is diffi-

cult and time consuming, and an extensive low
temporal craniotomy with a zygomatic arch osteot-
omy is necessary.

A bypass between the MMA and petrous
ICA has five theoretical advantages. First, it seems
to be a more simple procedure than a cervical-to-
supraclinoid ICA, cervical-to-petrous ICA, and
maxillary-to-supraclinoid ICA anastomosis. Second,
it provides more blood flow than an STA-to-MCA
bypass; the mean outer diameter of the frontal
branch of the STA and of the parietal branch
when both are less than 2 mm long is 1.65 and
1.44 mm, respectively.17 Third, an MMA-to-
petrous ICA bypass requires a single anastomosis,
which reduces the length of the operation. Fourth,
it has a higher patency rate than venous bypasses
because it is an artery-to-artery bypass. In the
cooperative extracranial-intracranial bypass study,
patency rates were 96%.'%'® Finally, the length of
the MMA required for the bypass is ~1 cm. There-
fore, separating the middle meningeal veins caused
little difficulty.

Two technical points should be considered.
The range of the diameter of the MMA varied
between 1.9 and 2.6 mm in our study. Before
performing such a bypass in patients, preoperative
angiography to assess the diameter of MMA may
be helpful. Because the clip proximal to the anasto-
mosis site is permanent, monitoring the EEG and
evoked potentials, applying awake sedation as an
anesthetic technique, or both may help determine
the adequacy of the bypass.

The results of this cadaveric study suggest
that the MMA-to-petrous ICA bypass may be a
reasonable alternative to previously described bypass
procedures used to manage high cervical or skull
base vascular lesions and infratemporal fossa tumors

invading high cervical ICA.
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