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Sequential Injections of Amobarbital Sodium and Lidocaine for
Provocative Neurologic Testing in the External Carotid Circulation

John P. Deveikis

PURPOSE: To present the results of a protocol for embolization in the external carotid territory that
includes provocative testing with amobarbital sodium and lidocaine. METHODS: Provocative
testing with sequential intraarterial injections of amobarbital sodium and lidocaine was done before
embolization of 66 vascular pedicles in 26 patients with the following pathologic disorders: 8
meningiomas, 7 paragangliomas, 5 dural arteriovenous fistulas, 3 angiofibromas, 1 endolymphatic
sac carcinoma, 1 metastatic renal carcinoma, and 1 Rendu-Osler-Weber syndrome. Findings
during provocative testing and any postembolization deficits were recorded. RESULTS: Of the 66
vascular pedicles tested, only 1 showed positive findings on an amobarbital test, in which the
patient had transient numbness in the contralateral leg. Results of lidocaine tests were positive in
7 cases, in which cranial nerve deficits were suspected on the basis of anatomic findings. All deficits
resolved within 15 minutes. If results of amobarbital or lidocaine tests were positive, large particles
or coils were used for embolization. Otherwise, small particles or liquid agents were used. There
were no complications after embolization. CONCLUSIONS: Provocative testing with amobarbital
can reveal dangerous anastomoses. Testing with lidocaine can show vascular supply to the cranial
nerves. With the use of appropriate protocols, embolization in the external carotid territory can be
done with minimal risk.
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Endovascular therapy in the external carotid
territory requires a thorough understanding of
potential supply to the central and peripheral
nervous system in order to prevent neurologic
complications. Provocative testing, by injecting
anesthetic agents into the vessel to be embo-
lized, may indicate the neural tissue at risk and
make it possible to avoid damaging that tissue.
Horton and Kerber (1) have described a provoc-
ative test consisting of lidocaine injections into
external carotid branches to be embolized as a
means of predicting which patients might be at
risk for cranial nerve palsies after embolization
of those branches. However, it is uncertain
whether these lidocaine challenges can indicate
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the presence of dangerous external carotid to
internal carotid or vertebral artery anastomo-
ses. Moreover, there are serious questions re-
garding the safety of routinely injecting quanti-
ties of lidocaine into the cerebral circulation,
since even small doses injected into the head
and neck region have resulted in seizures and
cardiorespiratory arrest, presumably as a con-
sequence of intravascular injection (2).
Considerable experience with amobarbital

sodium injections in the cerebral circulation has
been amassed since the introduction of the
Wada test for determining speech and memory
dominance (3). It follows that amobarbital in-
jections might be used to help identify anasto-
moses to the cerebral circulation (4). However,
there have been no indications that amobarbital
injections can show vascular supply to the cra-
nial nerves. For these reasons, we developed a
protocol of provocative testing that involves the
use of both these agents in a sequential fashion.
We hypothesized that an initial test with amo-
barbital could theoretically exclude anastomo-
43
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ses to the cerebral circulation. Then, once those
dangerous anastomoses were ruled out, lido-
caine injections could be given to help exclude
cranial nerve supply. This article describes the
results of such a protocol for provocative testing
in the external carotid territory.

Materials and Methods
The protocol for embolization in the external carotid

territory requires that patients be awake and minimally
sedated. Baseline neurologic examinations are done to
determine whether there is any preexisting neurologic def-
icit. Guiding catheters (4F to 6F) are placed in the external
carotid artery and microcatheters (1.5F to 3F) are coaxi-
ally advanced in the vessel to be embolized. A superselec-
tive digital substraction study is performed and is carefully
evaluated to ascertain the presence of any dangerous
anastamoses to the cerebral circulation. If a dangerous
anastamosis is found, the catheter is placed distal to the
anastamosis, if possible, or the anastamosis is occluded
with a microcoil to divert flow away from the cerebral
circulation. This maneuver is done to minimize the poten-
tial entry of pharmacologic agents into the cerebral circu-
lation, particularly the vertebrobasilar system, where the
anesthetic agents may cause respiratory depression.

When it is confirmed that no angiographically apparent
cerebral anastamoses are seen, amobarbital sodium
(Amytal, Eli Lilly, Indianapolis, Ind), reconstituted to 50
mg/mL with sterile water and mixed with nonionic contrast
material (Omnipaque 300, Sanofi Winthrop, NY) in a 1:1
ratio, is injected through the microcatheter, which is then
flushed with sterile saline. A dose of 30 mg of amobarbital
is injected for each test, and the injection is done under
real-time digital subtraction angiography at rates sufficient
to fill the vessel without reflux. A repeat neurologic exam-
ination is done, paying special attention to the cerebral
lobe or hemisphere that is expected to be at greatest risk,
given the vessel that is being tested. If no deficits occur
after amobarbital injection, the results of that test are con-
sidered negative, and a lidocaine test is then done. Two
percent cardiac lidocaine hydrochloride partially buffered
(to reduce pain on injection) with six drops of 4.2% sodium
bicarbonate injection per 10 mL of lidocaine, and mixed
with nonionic contrast material in a 1:1 ratio, is also in-
jected through the microcatheter. A dose of 20 mg of
lidocaine is given for each test, and is also injected under
real-time digital subtraction angiography. The patient is
reexamined, testing the cranial nerves, with particular at-
tention to the one considered at greatest risk. If no deficits
are encountered, the results of the lidocaine test are con-
sidered negative and the vessel is embolized using small
particles or liquid embolic agents. These tests are repeated
as necessary if obvious hemodynamic changes occur dur-
ing embolization or if the catheter is moved.

If neurologic changes occur with either amobarbital or
lidocaine injections, the test results are considered posi-
tive. With positive amobarbital test results, lidocaine test-
ing in that vessel is not done. The catheter may be repo-
sitioned to avoid the dangerous anastomosis to the
cerebral circulation, or the anastamosis may be occluded
by using a microcoil. Then the vessel is retested with
amobarbital. When positive results of a lidocaine test are
encountered, the catheter may be repositioned and the test
repeated, or embolization may be performed by using
particles large enough to avoid distal occlusion of the vasa
nervorum. Generally, polyvinyl alcohol particles (Contour
emboli, Interventional Therapeutics, South San Francisco,
Calif) at least 500 mm in diameter were used under these
circumstances.

This method was used for embolization of the external
carotid territory in 26 patients with the following pathologic
disorders: 8 meningiomas, 7 paragangliomas, 5 dural ar-
teriovenous fistulas, 3 juvenile angiofibromas, 1 endolym-
phatic sac carcinoma of the temporal bone, 1 maxillary
metastatic renal cell carcinoma, and 1 Rendu-Osler-We-
ber syndrome in which the patient had epistaxis. Twenty
patients had embolization preoperatively; the rest were
treated with embolization alone. In the 26 patients studied,
a total of 66 vascular pedicles were tested as part of the
embolization protocol. Patients requiring embolization un-
der general anesthesia, or who were comatose, severely
demented, or otherwise unable to cooperate for provoca-
tive testing, were not included in the study. Responses to
provocative testing were recorded, and patients were fol-
lowed up for a minimum of 24 hours to watch for any
postembolization deficits. Patients’ medical records were
also reviewed to determine whether any neurologic deficits
occurred after surgery in those who underwent surgery.

Results

Most patients reported mild to moderate dis-
comfort with lidocaine injections. Generally,
they experienced a burning and/or pressure
sensation somewhat greater than that produced
by nonionic contrast material alone. They re-
ported no significant discomfort with amytal in-
jections. No other appreciable problems were
related to the provocative testing.
Of the 66 vascular pedicles tested, only 1

showed positive findings on an amobarbital test.
In this case, the middle meningeal artery was
catheterized for embolization of a cavernous du-
ral arteriovenous fistula. Injection of amobarbi-
tal in this artery resulted in immediate numb-
ness in the contralateral lower extremity. This
deficit resolved in approximately 10 minutes.
Examination of the superselective angiogram
(Fig 1) showed that the sphenoidal branch filled
not only the fistula but also the ophthalmic ar-
tery via the meningo/ophthalmic collateral. Via
retrograde filling of the ophthalmic artery,
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Fig 1. Sixty-two year-old woman with
cavernous dural arteriovenous fistula in
whom results of amobarbital testing were
positive.

A, Lateral digital subtraction angio-
gram (DSA) of proximal right middle men-
ingeal artery. Sphenoidal branch (arrows)
fills the cavernous sinus (CS).

B, Lateral DSA of sphenoidal branch
injection again shows supply to fistula
(small arrows), but ophthalmic artery also
fills (large arrow).

C, Lateral DSA of a more forceful hand
injection fills ophthalmic artery (arrow),
which then fills the anterior cerebral artery
(arrowheads) via the supraclinoid internal
carotid artery.

D, Lateral DSA of right common carotid
arteriogram. Compare appearance of an-
terior cerebral artery (arrowheads) with
that in C.
the supraclinoid carotid and anterior cerebral
arteries could be seen to fill after a fairly forceful
hand injection of contrast material through the
microcatheter (Fig 1C). This collateral flow to
the anterior cerebral territory was believed to
explain the patients’ symptoms associated with
the amobarbital injection. The middle menin-
geal supply was later embolized with microcoils
(Target Therapeutics, Fremont, Calif) without
complications. This, and additional emboliza-
tions, resulted in complete angiographic and
clinical cure of the lesion.
The one vessel that produced positive results

on an amobarbital test was not tested with lido-
caine because of concerns about the effect of
lidocaine on the central nervous system. Of the
remaining 65 vessels tested with lidocaine,
there were 7 positive test results. Two proximal
middle meningeal tests caused maxillary nerve
deficits. A terminal internal maxillary test
caused numbness in the ipsilateral maxillary
division of the trigeminal nerve. An angular ar-
tery test caused numbness in the maxillary and
mandibular divisions. An accessory meningeal
artery test caused mandibular nerve deficit. A
test of the stylomastoid branch of the posterior
auricular artery caused ipsilateral facial nerve
paralysis. When a neuromeningeal branch of
the ascending pharyngeal artery was tested with
lidocaine, the patient had difficulty swallowing
and pharyngeal anesthesia, indicating glosso-
pharyngeal and/or vagus nerve deficits.
Most of these deficits resolved within 5 min-

utes of the injection; all resolved within 15 min-
utes. Three of these positive lidocaine test re-
sults were repeated 20 minutes after the first
test. The results of the lidocaine test were re-
peatable, with identical neurologic findings on
the repeat tests. Negative lidocaine test results
were also found to be repeatable in four of the
vessels tested. In those cases, an additional 60
to 80 mg of lidocaine was injected to lessen the
pain of alcohol embolizations in these vessels.
These additional doses of lidocaine similarly
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produced no neurologic deficits when the initial
test result was negative.
When both the amobarbital and lidocaine test

results were negative, the vessels were embo-
lized with small particles (under 300 mm in di-
ameter) or liquid embolic agents, such as alco-
hol or cyanoacrylates. There were no
complications following embolization. Of the 20
patients who later underwent surgery, 3 had
persistent postoperative complications. One
patient with a tumor of the carotid body and
another with a glomus vagale tumor (paragan-
glioma) suffered vagus neuropathies after sur-
gery, with hoarseness and dysphagia, requiring
long-term tube feedings. Another patient with a
clival meningioma had postoperative aphasia
related to left temporal lobe retraction injury.

Discussion

Embolization of the external carotid circula-
tion is not without risk. Significant neurologic
complications have been reported, including
cerebrovascular ischemia related to external
carotid to internal carotid or vertebral collaterals
(5) (M. L. Thomas, H. L. Walters, “Hemiplegia
as a Complication of Therapeutic Embolization
of the Internal Maxillary Artery,” AJNR Am J
Neuroradiol 1980;1:283, abstract) as well as
cranial nerve damage related to disruption of
neural blood supply (6, 7). One potential way to
reduce these neurologic complications is to
catheterize superselectively the vessel distal to
any potential extracranial-to-intracranial anas-
tomosis or to a potential cranial nerve supply.
However, it may not be technically feasible to
do so in every case, and, furthermore, there
may be dangerous anastomoses that, for what-
ever reason, are not visible on the preemboliza-
tion angiographic studies. One could also em-
bolize the lesions using only large particulate
agents that could not pass through either the
anastomic channels to the cerebral circulations
or through the small vasa nervorum supplying
the cranial nerves. However, even though there
have been few controlled studies comparing the
efficacy of different embolic agents, there is ev-
idence that larger particulate agents are more
likely to lodge proximally in the vessel and less
likely to reach the target lesion and, hence, less
effective as devascularizing agents (8–10).
In the protocol presented here, the aim was to

use the smallest particulate agents possible
while avoiding neurologic complications by the
use of provocative testing. Superselective cath-
eterization and superselective angiography cer-
tainly play a major role in allowing one to avoid
inadvertent embolization of dangerous anasta-
moses. The one positive amobarbital test result
in this series showed that the use of provocative
testing can reveal at least some extracranial-to-
intracranial anastamotic channels. The seven
positive lidocaine test results showed that at
least some cranial nerve vascular supply can be
demonstrated. Whether all potential dangerous
anastamoses or cranial nerve vascular supplies
are revealed by this testing remains unknown.
The fact that these lidocaine tests were done
only in the face of a negative amobarbital test
result shows that, at least at the doses used
here, amobarbital injections do not establish
cranial nerve supply. Despite the one positive
amobarbital test result and the seven positive
lidocaine test results, at least in this series, all
vessels could be embolized in some fashion
without resultant neurologic complications.
It may be true that the effectiveness of the

embolization is reduced by the larger particulate
agents used in the cases of positive provocative
test results. However, it was decided from the
outset that no neurologic deficits resulting from
the embolization procedure would be accept-
able. It could be argued that some of these
deficits would inevitably result from the later
surgical procedures. However, postoperative
deficits occurred in only 3 of the 20 patients in
our series who had surgery, and these postop-
erative deficits were not necessarily predictable
even when the lidocaine test result was positive.
Any additional deficits produced by the embo-
lization procedure could also have an additive
effect with postoperative injury to produce sig-
nificant impairment of functional outcome.
An evaluation of this study provokes a num-

ber of unanswered questions. Would a perma-
nent deficit inevitably result from embolization
of a vessel with small particles or liquid agents
in the face of a positive amytal or lidocaine test
result? The controlled study needed to answer
that question would most likely be ethically de-
fensible only in an animal study, since, intu-
itively, one would expect that the number of
neurologic deficits produced by embolization of
positive-testing vessels would be unacceptably
high. Are amobarbital sodium and lidocaine the
ideal agents for such provocative testing? There
is some evidence that sodium methohexital
may have advantages over amobarbital be-
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cause of its shorter action time (11). We chose
amobarbital for our protocol only because of the
greater experience with its use for Wada testing
and preembolization provocative testing of
brain arteriovenous malformation feeders. Can
a similar protocol be applied to brain and spinal
cord embolization procedures? Further study
would be needed to determine whether lido-
caine testing contributes any useful information
as compared with amobarbital testing alone for
embolizations in the central nervous system.
Finally, there are a number of potential com-

plications that provocative testing cannot pre-
dict, such as those resulting from hemodynamic
changes occurring during embolization, reflux
of embolic material into unwanted territories,
propagation of thrombus after embolization,
postprocedural edema and swelling of target
lesions, or complications related to catheteriza-
tion of vessels. Prevention of these complica-
tions requires extensive experience, knowledge
of the related anatomy and physiology, and me-
ticulous attention to detail.
In summary, we presented a protocol for em-

bolization in the external carotid territory that
includes provocative testing with sequential in-
traarterial amobarbital sodium and lidocaine in-
jections, which can reveal some dangerous
anastamoses and vascular supply to the cranial
nerves. With the use of appropriate protocols,
external carotid territory embolizations can be
performed with relative little risk of neurologic
complications.
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