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Experience in 300

Carotid artery sacrifice is often required in the treat-
ment of skull base tumors, internal carotid artery (ICA)
aneurysms, and traumatic lesions involving the ICA.1 Pre-
therapeutic knowledge of carotid artery dependence is
essential in these patients, since vascular bypass or alter-
native surgical approaches may be necessary in patients
unable to tolerate ICA sacrifice. Carotid compression
combined with neurologic testing or contralateral carotid
angiography have been used to test for carotid artery
dependence.2,3 However, both of these methods have had

Cases

limitations.3 For example, it is difficult to be certain that
occlusion is complete during manual compression. Fur-
thermore, contralateral carotid angiography during ipsi-
lateral carotid compression only provides an anatomic
assessment of cross circulation, but provides no informa-
tion about the functional adequacy of cross circulation.

A method ofcombining balloon test occlusion (BTO)
of the ICA with stable xenon and computed tomography
cerebral blood flow (Xe/CT CBF) analysis to assess the
tolerability of permanent ICA occlusion has been de-
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scribed.4-6 Using this technique, we have examined 300
patients in the past 5 years. We present an analysis of the
complications that have occurred from the procedure.

PATIENTS AND METHODS

Between June 1985 and June 1990 a BTO of the ICA
was performed in 300 patients. The patients were being
evaluated prior to either surgical resection of a skull base
neoplasm in which the carotid artery was considered to be
at risk, carotid occlusion for the treatment ofan inoperable
aneurysm, or carotid occlusion for traumatic lesions in-
volving the carotid artery.

The BTO Xe/CT CBF technique has been described
previously.46 Briefly, an initial baseline neurologic exam-
ination is performed during which both hemispheres are
evaluated for motor, sensory, and higher cortical function.
Diagnostic angiography of both carotids and the vertebro-
basilar arterial systems is performed to provide informa-
tion regarding collateral vascular anatomy, tumor vascu-
larity, vascular encasement by tumor, and atherosclerotic
changes involving the ICA.

Following the diagnostic angiogram, the BTO is
performed. Either a 110 cm, 5 F double-lumen Swan-Ganz
catheter (Baxter Healthcare, Santa Anna, CA) or 110 cm 5
F steerable nondetachable double-lumen balloon catheter
(Meditech, Watertown, MA) was used for all of our cases.
The air within the nondetachable balloon is exchanged for
iohexol (150 mg I/ml) (Winthrop Pharmaceuticals, New
York, New York). The Swan-Ganz catheter is shaped over
steam, advanced into the femoral artery through a 6 F
introducer sheath, and flow directed into the appropriate
cervical ICA to the level of the arch of Cl. Alternatively,
the steerable 5 F nondetachable balloon catheter is ad-
vanced into the femoral artery through a 6 F introducer
sheath and positioned into the appropriate ICA over an
0.025 inch exchange wire.

Immediately prior to balloon inflation, 7000 U of
heparin are given intravenously. The balloon is inflated

under fluoroscopic control. A slight elongation of the
normally spherical-shaped balloon determines an occlu-
sive position. A constant drip of heparinized saline is
infused through the end-hole of the catheter. The patients'
neurologic status is assessed continuously following bal-
loon inflation. If there is a change in the neurologic status,
the balloon is immediately deflated and the procedure is
terminated. If there is no change in neurologic status, the
BTO is typically performed for 15 minutes.

In the group of patients who tolerate the 15-minute
clinical BTO, the balloon is deflated but the catheter posi-
tion in the ICA is maintained. A constant drip of heparin-
ized saline is continued through the end-hole. The patient
is transported to a CT scanner suite with careful attention
to limiting any head motion. After the patient is posi-
tioned, the balloon is reinflated with an identical amount
of contrast used during the clinical BTO. A digital scout
radiograph of the head and neck confirms adequate bal-
loon position and inflation. A Xe/CT CBF study is per-
formed with the balloon inflated (GE Medical Systems,
Milwaukee, WI). The Xe/CT CBF method has been de-
scribed previously.7-9 Following the inflated CBF study,
the balloon catheter is removed. After allowing 20 min-
utes for xenon washout, a subsequent uninflated baseline
Xe/CT CBF study is performed to allow assessment of
changes in local CBF induced by the BTO. Protamine
sulfate is used to reverse the heparinization.

RESU LTS

Of the 300 patients in whom BTO Xe/CT was per-
formed (Fig. 1), complications related to the procedure
occurred in 11 patients (3.7%). Six patients (2%) experi-
enced asymptomatic carotid artery dissections that were
presumed to be related to the BTO procedure (Figs. 2, 3).
These asymptomatic subintimal hematomas were either
discovered during surgical exposure of the cervical carotid
artery performed within 1 week of the BTO (three pa-
tients) or during routine postsurgical angiography (three
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Figure 2. Lateral angiographic view of a common
carotid artery angiogram. The internal carotid artery is
completely occluded. The tapered narrowing (arrows) is
characteristic of a dissection. This angiogram was ob-
tained after skull base surgery. The vascular injury was not
symptomatic and had not been suspected. Presumably, it
occurred as a result of the preoperative balloon test oc-
clusion.
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Figure 3. Lateral angiographic view of a common
carotid artery angiogram. Two well-defined short seg-
ments of narrowing (arrows) can be identified in the inter-
nal carotid artery. The intervening vessel is slightly narrow
also when compared to the high cervical portion. This
injury probably represents a subintimal hematoma with-
out complete occlusion, was not symptomatic, and was
only discovered on routine follow-up angiography post-
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patients). In one of these six patients the dissected carotid
was resected at surgery due to tumor encasement. In
another patient who remained asymptomatic but showed
an asymmetrical decreased blood flow on the Xe/CT CBF
study, the dissected segment was bypassed and the carotid
was resected due to tumor encasement. Two patients dem-
onstrated healing of the dissected segment during follow-
up angiography. No follow-up angiography data were ob-
tained in the other two patients.

Five patients (1.7%) experienced neurologic deficits
that persisted beyond the BTO procedure. Of these five,
one patient had a carotid dissection and hemiparesis. The
patient's neurologic deficit resolved within 24 hours. A
second patient had a course similar to the first, but re-
quired one week to recover fully. Another patient who in
retrospect had minimal atherosclerotic plaques involving
the ipsilateral proximal ICA developed aphasia and hemi-
paresis during balloon positioning, which improved but
did not completely resolve over a 2-week follow-up pe-
riod. One patient required emergency middle cerebral
artery embolectomy and repair of a carotid dissection
following the BTO. This patient's neurologic deficit was
resolved immediately following surgery. Another patient
with a persistent deficit required emergency surgery for
reasons unrelated to the BTO and her neurologic course
was therefore difficult to assess.

There were no groin hematomas that required surgi-
cal evacuation. Likewise, there were no peripheral vascu-
lar injuries requiring surgery. No deaths occurred.

DISCUSSION

Although most patients can tolerate permanent ca-
rotid occlusion, there is a subset of approximately 15 to
20% who are unable to do so.5,6 If possible, it is important
to identify this subset prior to any therapeutic intervention
during which the ICA may be at risk for occlusion. The
risk of complications from permanent carotid occlusion
depends on several factors. One is the state of the systemic
circulation at the time of occlusion. Correctable factors
such as hypovolemia, shock, and anemia increase the risk
of neurologic complications following ICA ligation. 10 The
risk of embolic complications can be minimized by oc-
cluding the ICA as far distally as possible, thereby de-
creasing the length of the distal stump.11,12 Finally, the
adequacy of collateral blood flow through the circle of
Willis or via leptomeningeal collaterals is an important
factor determining adequate hemispheric perfusion fol-
lowing ICA sacrifice.

The main rationale for preligation (BTO) testing is
the evaluation of adequacy of hemispheric collaterals.
Although contralateral carotid angiography using ipsi-
lateral carotid comparison or temporary occlusion pro-
vides anatomic assessment of collateral circulation, it does
not provide accurate functional information regarding the
adequacy of cross circulation.13 Similarly, intra-arterial
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pressure measurements and electroencephalographic re-
cordings during temporary occlusions may give mislead-
ing results.6,13-15

Combining endovascular BTO techniques with CBF
analysis provides a detailed predictive examination of the
effect on cerebral hemodynamics of carotid occlusion.4-6
Approximately 9% of patients will fail the clinical portion
of the BTO and will inevitably experience a stroke if the
carotid is permanently occluded.6 Similarly, approx-
imately 11% of patients will clinically tolerate temporary
ICA occlusion during the BTO, but demonstrate an ipsi-
lateral drop in CBF below approximately 30 cc/100 gm/
min. These patients are at significant risk for delayed
neurologic deterioration following permanent ICA sacri-
fice due to limited vascular reserve.6 The 15 to 20% of the
population who comprise these two groups is significantly
greater than the 3.7% complication rate from the BTO
procedure documented in our series.

The complication rate in our series of patients under-
going BTO with Xe/CT CBF analysis compares favorably
with other series examining complication rates of routine
diagnostic cerebral angiography. In our series of 300 pa-
tients 3.7% experienced complications. The occurrence of
neurologic complications was 1.7%. The occurrence of
permanent neurologic complications (lasting greater than
2 weeks) was 0.33%. A prospective analysis of 1517 cere-
bral angiographic procedures by Earnest et all6 yielded an
8.5% incidence of all complications, a 2.6% incidence of
all neurologic complications, and a 0.33% incidence of
permanent neurologic complications. The incidence of
permanent neurologic complications in other series exam-
ining routine cerebral angiography has varied from 0%
to 5.4%.17-21

Our incidence of neurologic complications is based
on multiple thorough clinical assessments and is therefore
likely to be accurate. The asymptomatic cases of dissec-
tions and intimal tears were detected either angiographi-
cally on follow-up examinations or by direct observation at
surgery. Most patients in the series have had follow-up
angiography postoperatively. Nevertheless, some patients
may have had intimal tears or dissections that have gone
unnoticed. Thus, the true incidence of asymptomatic dis-
section related to the BTO procedure may be underesti-
mated in our series.

There are several technical factors during the BTO
procedure that may minimize the risk of complications. It
is imperative to examine the ipsilateral as well as the
contralateral carotid artery prior to attempting the BTO.
Occlusion or severe stenosis of the contralateral carotid
artery is a contraindication to performing the BTO. Sim-
ilarly, atherosclerotic involvement ofthe ipsilateral carotid
is a contraindication to BTO due to the risk of embolic
complications during balloon positioning. Care must be
taken in patients with a tortuous cervical ICA during
balloon catheter placement either over an exchange wire or
by flow-directed means. The tortuousity can increase the
risk of either the exchange wire or the tip of the catheter

distal to the balloon inducing a dissection. Prior to balloon
inflation in the carotid artery, the patient should be system-
ically anticoagulated to prevent embolic complications
when the balloon is deflated. Also, care must be taken to
prevent overinflation of the balloon in the ICA, since this
may result in arterial dissection or pseudoaneurysm for-
mation. Normally when unrestricted during inflation, the
balloon on either the Swan-Ganz or the Meditech system
assumes a spherical configuration. Slight elongation of
this spherical configuration indicates that the balloon is in
an occlusive position. No additional inflation is required.
If the patient is to be transported from the angiographic
suite with the catheter retained in the ICA for CBF studies,
adequate personnel must accompany the patient to ensure
no head motion during transport or positioning.

An alternative CBF method for preoperative assess-
ment that might decrease the complications related to the
BTO procedure by decreasing catheter time is single photon
emission CT (SPECT) with technetium 99m(99mTc) hexa-
methylpropyleneamineoxime (HMPAO).22,23 The agent,
99mTc HMPAO, can be injected intravenously at the time
of the clinical BTO. Since 99mTc HMPAO is a first-pass
agent, its distribution reflects blood flow at the time of
BTO. This negates the need to reinflate the balloon during
the CBF study and may allow a shorter period of balloon
inflation during the clinical portion of the examination.
The main disadvantage of 99mTc HMPAO SPECT CBF
analysis is the inability to quantitate blood flow.

In summary, we have found that the occurrence of
complications in relation to the endovascular BTO tech-
nique combined with Xe/CT CBF analysis is less than 4%.
In our series the risk of BTO procedure was no greater
than that of routine cerebral angiography. In patients
whose therapeutic options may necessitate ICA sacrifice
the information gained regarding carotid artery depen-
dency appears to justify the minimal risk involved with the
BTO procedure.
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