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Balloon Test Occlusion of the Internal Carotid Artery with
Hypotensive Challenge

Scott C. Standard, Arvind Ahuja, Lee R. Guterman, Tamerla D. Chavis, Kevin J. Gibbons, Adrienne P. Barth, and
L. N. Hopkins

PURPOSE: To evaluate the usefulness of provocative testing with hypotensive challenge during
balloon test occlusion of the internal carotid artery before carotid sacrifice and to correlate
tolerance of balloon test occlusion with clinical outcome after carotid artery sacrifice. METHODS:
Forty-seven consecutive cases of balloon test occlusions performed at our institution during the
past 4 years were retrospectively reviewed. Occlusion was performed under normotensive condi-
tions with distal perfusion of heparinized saline for 20 minutes, or until a deficit was perceived. If 20
minutes of normotension was tolerated, hypotension was induced to two thirds of mean arterial
pressure for 20 minutes, or until a deficit was perceived. RESULTS: Of 47 patients, 4 (9%) had
deficits at normotension. Of the remaining 43 patients, 9 (21%) had deficits at hypotension. One
patient with a positive hypotensive test occlusion underwent carotid artery sacrifice after extracra-
nial-intracranial bypass without sequelae. In one of the 19 patients who clinically tolerated test
occlusion with hypotension and had carotid sacrifice (surgical ligation of the intracranial carotid
artery), a mild embolic stroke developed, probably from the giant carotid wall aneurysm. This
patient fully recovered; MR imaging showed mild changes consistent with emboli distal to the
aneurysm. Symptomatic complications were noted in 2 (4%) patients, and asymptomatic arterial
dissections were noted in 3 (6%) patients. CONCLUSION: Balloon test occlusion with hypotensive
challenge is safe, economical, and greatly increases the sensitivity of balloon test occlusion. The
predictive value of a negative test is high. However, to determine the test’s specificity compared
with quantitative imaging, controlled trials will be necessary.
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Endovascular techniques for balloon test oc-
clusion (BTO) of parent vessels have been de-
veloped to assess the vascular reserve of a par-
ticular vascular territory with neurologic
monitoring before arterial sacrifice. The endo-
vascular approach also offers the ability to per-
form permanent occlusion within surgically in-
accessible portions of the carotid artery to
reduce the column of thrombus that may prop-
agate and subsequently embolize (1).
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Abrupt carotid artery occlusion is associated
with a neurologic ischemic rate of 49% for in-
ternal carotid artery (ICA) ligation and 28% for
common carotid artery occlusion, as reported in
the Cooperative Study of Intracranial Aneu-
rysms and Subarachnoid Hemorrhage (2–4),
whereas after a clinically tolerated test occlu-
sion, the rate varies from 5% to 20% (5, 6). In an
effort to reduce this morbidity, several investi-
gators have used sophisticated measurements
of cerebral blood flow, such as 99mTc hexa-
methylpropylene-amine oxime (HMPAO) and
xenon-133 single-photon emission computed
tomography (SPECT) (5, 7, 8), during BTO.
However, these techniques require specialized
equipment and add to the overall cost of patient
treatment. Furthermore, although these tech-
niques have further defined patients at highest
and lowest risk for carotid artery occlusion and
reduced the risk of stroke to 5% to 8%, they have
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failed to reliably identify patients with limited
reserve (5, 7, 8). Recently, Origitano et al (9)
reported a rate as high as 22% for delayed neu-
rologic deficits after negative BTO with SPECT
imaging. In addition, the need to transport pa-
tients with balloons in the ICA and to inflate and
deflate balloons without constant fluoroscopic
control may increase the risk of complications.
To identify those patients at highest risk for

vascular compromise after carotid sacrifice, we
developed a protocol for test occlusion of the
internal carotid artery with the adjunct of hypo-
tensive challenge to two thirds of mean arterial
pressure. We retrospectively reviewed 47 con-
secutive cases of BTO from 1989 to the present
and compared the test results with clinical out-
come after carotid artery sacrifice.

Materials and Methods
Forty-seven patients (34 women and 13 men; 32 to 74

years old) were referred for BTO of the ICA from March
1989 to April 1994, and each patient was included in the
study protocol. Diagnoses at the time of test occlusion
were aneurysms (36 patients), intracranial tumors (5 pa-
tients), and head and neck carcinomas (6 patients). Pre-
existing neurologic deficits of oculomotor nerve paresis
were observed in 2 (4%) patients with intracranial aneu-
rysms. Four of the patients with aneurysms and 2 of the
patients with head and neck carcinoma had a history of
cardiovascular or pulmonary disease.

Patients were admitted on the day of the procedure and
received vigorous hydration therapy with normal saline
(150 mL every hour for at least 4 hours). They were
premedicated with dexamethazone (4 mg every 6 hours
intravenously) and nimodipine (60 mg every 4 hours
orally) for the cerebroprotective effect (10, 11). During
test occlusion procedures, patients were maintained under
neuroleptanalgesia with hydromorphone hydrochloride
(1 to 3 mg every hour intravenously), or fentanyl (50 to 70
mm every hour) and midazolam hydrochloride (2 to 4 mg
every hour intravenously). A Foley catheter was placed for
patient comfort and to monitor urinary output. Mean arte-
rial pressure was transduced through a femoral cannula in
10 patients and with an automated blood pressure cuff
(Dynamap, Johnson & Johnson Critikon, New Brunswick,
NJ) in all 47 patients.

An 8F femoral introducer catheter was inserted, and
cervical and cerebral angiography of both carotid arteries
was performed. Superselective angiography also was per-
formed as appropriate to evaluate complex aneurysms. All
patients were systemically heparinized to maintain acti-
vated clotting times above 300 seconds (2 to 3 times
baseline) using an intravenous bolus injection of 5000 U
initially and additional boluses (1000 to 3000 U every hour
intravenously) to maintain the targeted activated clotting
time values. Selective catheterization of the appropriate
ICA was performed by flow direction of a Swan-Ganz bal-
loon catheter (125 cm in length) in 43 patients and a
nondetachable silicone balloon catheter (150 cm in
length, 1.5-mm noninflated diameter) in 4 patients. The
Swan-Ganz catheter was the preferred catheter unless it
could not be flow directed into the appropriate location
because of tortuous proximal vascular anatomy. The distal
port of the Swan-Ganz catheter was perfused with hepa-
rinized saline (1 U/mL at 1 mL/min). The silicone balloon
catheters do not have distal ports. Angiography was used
to confirm carotid artery occlusion.

Tolerance to test occlusion was assessed by a detailed
neurologic examination consisting of evaluation of cranial
nerve function, muscle strength, and language ability ev-
ery 5 minutes or when a deficit was perceived. A test
occlusion was considered positive if any new neurologic
deficit occurred, with the exception of decreased acuity in
the ipsilateral eye. The latter resulted from perfusion of the
distal port with saline solution in eight patients and re-
solved in all cases when the rate of saline infusion was
decreased.

If the patient tolerated 20 minutes of normotension,
hypotension was induced by the infusion of sodium nitro-
prusside (2.5 to 7.5 mm/kg body weight per minute) or
labetalol (total dose, 5 to 20 mg). After the mean arterial
pressure was reduced to two thirds of baseline, hypoten-
sion was maintained for 20 minutes. The balloon then was
deflated, and heparinization was reversed with intravenous
protamine (1g protamine per 100 U heparin). The study
was terminated immediately if a new neurologic deficit
developed during test occlusion under normotensive or
hypotensive conditions.

Permanent occlusion of the carotid artery was per-
formed as a separate procedure with either Selverstone
clamps, surgical ligation, detachable silicone balloons, or
platinum coils. Surgical occlusion was performed on the
cervical ICA. Endovascular occlusion was performed
within the cavernous ICA as distally as possible while
assuring stable positioning of the device. Test occlusion
was not repeated at the time of permanent occlusion.
Collateral supply was usually demonstrated from the con-
tralateral ICA or vertebrobasilar system, but this did not
influence the site or technique of occlusion after a negative
test occlusion.

Results

Forty-seven BTOs of the ICA (22 right, 25
left) were performed. Forty-three (91%) of 47
patients tested with normotension and 34 (79%)
of 43 patients tested with hypotension tolerated
temporary occlusion. Four (9%) of 47 patients
had deficits appearing within 4 to 10 minutes at
normotension. Nine (21%) of 43 patients had
deficits after induced hypotension. Deficits ap-
peared from 12 to 20 minutes after the target
mean arterial pressure was achieved. One of
these patients underwent carotid artery sacrifice



Fig 1. A 47-year-old man with a left medial sphenoid wing meningioma. BTO with hypotension was tolerated. At surgery, the carotid
bifurcation was exposed for proximal vascular control, and an asymptomatic carotid artery dissection (A, oblique projection, arrow) was
found. Carotid artery sacrifice was deemed unnecessary for complete tumor resection. Follow-up angiogram (B, lateral projection; C,
oblique projection) revealed remodeling in the area of dissection without evidence of an intimal flap.
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after extracranial-intracranial bypass without
sequelae; the remaining patients have not re-
quired carotid sacrifice. One patient with a pos-
itive normotensive test occlusion had subse-
quent inadvertent occlusion of the right ICA with
coils, resulting in hemispheric infarction and
death.
Nineteen patients underwent intentional ca-

rotid artery sacrifice after a clinically tolerated
hypotensive BTO with either detachable sili-
cone balloons (12 patients), platinum coils (3
patients), Selverstone clamp (3 patients), or
surgical ligation (1 patient). After a clinically
tolerated hypotensive test occlusion in the sin-
gle patient who had surgical ligation of the prox-
imal intracranial carotid artery, a small infarc-
tion of the distal posterior division of the middle
cerebral artery developed 5 months after the
surgical procedure. Our clinical impression was
of embolic ischemia because of the location of
the infarction and the absence of hypotensive
factors. Angiography was not performed, and
the patient fully recovered. Magnetic resonance
imaging showed small lesions consistent with
emboli distal to the aneurysm.
No cardiovascular events were noted during

hypotensive test occlusion, and no procedural
angina was identified. Two symptomatic com-
plications of BTO occurred. One case of retro-
peritoneal hematoma resulted in transient post-
procedural hypotension, and one case of distal
middle cerebral artery embolization required
superselective thrombolysis, which completely
reversed the patient’s neurologic deficit. Three
asymptomatic complications of BTO were not-
ed: a small carotid artery dissection (Fig 1) in
two cases and a femoral artery dissection in
another case.

Discussion

Abrupt carotid artery occlusion is associated
with a neurologic ischemic rate of 49% for ICA
ligation and 28% for common carotid artery oc-
clusion, as reported in the Cooperative Study of
Intracranial Aneurysms and Subarachnoid
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Hemorrhage (2–4), although in the face of a
clinically tolerated BTO, the rate varies from 5%
to 20% (5, 6). Thus, a reliable and effective test
is necessary to identify patients at risk for in-
farction after permanent carotid artery occlu-
sion.
In an effort to reduce the morbidity of carotid

artery occlusion, several investigators exam-
ined the use of quantitative blood flow imaging
to determine the cerebrovascular reserve of the
patient. 99mTc HMPAO and xenon-133 cerebral
perfusion SPECT imaging (5, 7, 8) have been
most widely used. Peterman et al (12) reported
a series of 17 patients who tolerated BTO clin-
ically, in which 2 patients had asymmetric per-
fusion deficits during BTO. One case is being
followed. The other patient had significant elec-
troencephalographic changes during temporary
intraoperative occlusion. One of 15 patients
with symmetric perfusion on SPECT imaging
had a watershed infarct during profound hypo-
tension at surgery. In a similar series of 11 pa-
tients, 5 patients had asymmetric changes in
the SPECT study during test occlusion (13).
Two of the patients with asymmetric perfusion
studies underwent carotid artery sacrifice and
experienced no ischemic sequelae. Therefore,
the significance of SPECT perfusion asymmetry
is unclear in these reports.
Eckard et al (14) reported a series of 29

patients in which 2 patients had asymmetric
99mTc HMPAO SPECT studies with no clinical
changes during test occlusion. One of these
patients had a delayed stroke (17 days) after
ICA sacrifice related to an episode of hypoten-
sion. Interestingly, one patient with a symmetric
cerebral blood flow study also had a delayed
stroke after ICA sacrifice. The specificity of the
test has not been determined. Yonas et al (15)
noted that quantitative cerebral blood flow mea-
surements may increase the sensitivity of the
test occlusion by more exacting parameters but
may exclude patients who might have tolerated
carotid artery sacrifice.
These results are complemented by the work

of Linskey et al (16) who promoted the use of
stable xenon computed tomography to predict
outcome after carotid artery occlusion. Their
report categorized 43 patients into three groups
based on quantitative blood flow measure-
ments. Low-risk patients were defined as pa-
tients with blood flow greater than 30 mL/100 g
per minute during BTO. High-risk patients were
defined as those whose BTO failed clinically
because a neurologic deficit developed during
15 minutes of occlusion. High-risk patients un-
derwent petrous-to-supraclinoid ICA bypass
procedures before vessel sacrifice. The moder-
ate-risk group was defined by clinical tolerance
to BTO with perfusion changes on imaging. The
risk of ICA occlusion in this group was thought
to be significant, because these patients lacked
vascular reserve. Two patients had cerebral in-
farctions after temporary or permanent vessel
occlusion. In another patient, infarction was a
complication of angiography. Two infarctions
resulted from temporary occlusion of the parent
vessel during surgery in 1 high-risk and 1 mod-
erate-risk patient.
Therefore, quantitative perfusion imaging

may define low-risk and high-risk groups for
parent vessel sacrifice, particularly for ICA sac-
rifice. However, these methods have an unde-
termined specificity for the subset of patients
who may be said to have limited vascular re-
serve and are at risk for stroke. Furthermore,
quantitative blood flow imaging provides infor-
mation regarding the hemodynamic profile at
one moment and may not be an accurate indi-
cator of the risk of infarction under a variety of
hemodynamic conditions, particularly periop-
erative hypotension.
The addition of hypotensive challenge greatly

increased the ability of test occlusion to predict
tolerance to permanent carotid artery occlu-
sion. In our series, no patient undergoing endo-
vascular carotid sacrifice after tolerating carotid
occlusion with hypotension had an acute or de-
layed neurologic deficit. The 1 patient who un-
derwent surgical carotid ligation had a delayed
deficit despite a negative test occlusion. If the
entire group of 19 patients who underwent per-
manent carotid occlusion is considered, balloon
test with hypotensive challenge correctly iden-
tified 18 (95%) patients who safely tolerated
carotid occlusion after a negative test.
Origitano et al (9) recently reported that 4

(22%) of 18 patients undergoing endovascular
carotid occlusion with negative normotensive
BTO experienced delayed ischemic deficits.
According to our data, the addition of hypoten-
sive challenge lowers the rate to 5%.
The use of hypotensive challenge increased

the number of patients identified with limited
cerebrovascular reserve from 4 (9%) of 47 pa-
tients to 13 (28%) of 47 patients. Hypotensive
challenge identified patients at risk for ischemia
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during hypotensive stress and may signal a sub-
group of patients who are at risk for hemody-
namic infarction. In our subgroup of patients
identified at risk for hemodynamic compromise
by clinical intolerance to test occlusion, only 1
patient underwent subsequent carotid artery
sacrifice, and this was accomplished after
extracranial-intracranial bypass.
Clinical decisions were influenced in the pa-

tients in whom BTO failed with hypotension, so
that the artery was preserved. In three patients
with head and neck carcinomas, the carotid
artery was preserved during en bloc dissection
of the tumor mass. To date, no patient in this
group has had a spontaneous carotid rupture.
Detailed survival analysis is not presently avail-
able; however, the initial clinical outcome of
these patients does not seem to have been ad-
versely affected by this clinical decision. Four
patients with carotid aneurysms had successful
surgical clipping without parent vessel sacrifice.
Two of these patients had transient cranial
nerve deficits. Thus, although the true rate of
false-positives is unknown, in the setting of a
positive test, the patient may usually be suc-
cessfully treated without parent vessel sacrifice.
However, if parent vessel occlusion is contem-
plated during surgery in a patient with sus-
pected limited cerebrovascular reserve, the sur-
geon should prepare for a bypass procedure.
If the adjunct of hypotensive challenge pro-

duces a test that is too sensitive and increases
the number of false-positive results, a number
of patients may be included in the high-risk
category, despite an acceptable stroke risk.
These patients may be needlessly subjected to
revascularization procedures. However, the risk
of revascularization in experienced hands is low
(3% to 5%) and adds little to the overall risk of
treatment of these patients (17). Such an addi-
tional risk may be warranted to prevent the dev-
astating morbidity from hemispheric infarction.
Symptomatic complications of BTO occurred

in 2 (4%) of our 47 patients. This compares
favorably with a recent report of a 7% rate of
transient ischemia during test occlusion (9).
One patient in whom the balloon catheter did
not allow distal perfusion with heparinized saline
had a cerebral embolus requiring emergency
thrombolysis. This patient’s neurologic deficit
has completely resolved. We now perfuse the
distal artery meticulously with heparinized sa-
line and monitor systemic heparinization
closely.
Asymptomatic complications occurred in
three patients. In two patients, asymptomatic
carotid artery dissections developed after test
occlusion. One dissection, which would have
otherwise been unrecognized, was discovered
during surgical exposure of the carotid artery for
proximal control before craniotomy; another
was discovered before balloon carotid artery
sacrifice the day after test occlusion. Maintain-
ing low inflation pressures in the balloon cathe-
ter might reduce the incidence of this compli-
cation. This complication may have been
underestimated in some series, because fol-
low-up angiography has not been routinely per-
formed or has been performed on a delayed
basis after intimal repair has occurred. In the
third patient, an asymptomatic femoral artery
dissection developed. We now use an 8F intro-
ducer sheath to minimize this complication.
The complications that occurred in this series

represent an evolution of the technique and
have been reduced in the most recent cases by
meticulous angiographic technique. The devel-
opment of a catheter that incorporates an easily
navigable, compliant balloon and contains a
distal port for perfusion with heparinized saline
is needed to further enhance the safety of this
procedure.
BTO with hypotensive challenge is useful in

the evaluation of tolerance to carotid occlusion.
Compared with presently available techniques,
including radionuclide imaging, the procedure
is easily performed and does not require addi-
tional imaging equipment. Furthermore, quan-
titative imaging determines blood flow only at a
particular instant, which may or may not be a
precise indicator of the hemodynamic profile of
the hemisphere. To assess the relative specific-
ity of test occlusion with hypotension as com-
pared with quantitative imaging, controlled tri-
als will be necessary.

Conclusions

Hypotensive challenge greatly increases the
sensitivity of BTO of the carotid artery and is
associated with a high positive predictive value
for tolerance of permanent carotid artery occlu-
sion. The predictive value of a negative test
occlusion is 94% for all methods of carotid ar-
tery occlusion; but for the group undergoing
endovascular occlusion of the ICA, the predic-
tive value of a negative test approaches 100%.
However, because the sensitivity of the test is
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increased, its specificity may be decreased be-
cause of the addition of an unknown number of
false-positive test occlusions. Patients testing
false-positive may undergo unnecessary revas-
cularization procedures. However, the addi-
tional morbidity and mortality associated with
revascularization procedures is low and is pref-
erable to the increased morbidity of hemi-
spheric stroke associated with carotid occlu-
sion. BTO of the carotid artery with hypotensive
challenge is not associated with cardiovascular
complications. However, the rate of angio-
graphic complications is significant and may be
reduced by improved catheter technology. BTO
with hypotensive challenge is economical and
may be performed at any site without expensive
cerebral blood flow imaging equipment, and
thus may be more cost effective than radionu-
clide imaging.
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