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PURPOSE: To determine whether stump pressure changes significantly over time during tempo­

rary internal carotid artery (ICA) occlusion via an endovascular balloon , and to examine correlations 

between stump pressure changes and cerebral blood flow (CBF) as measured by xenon CT. 

METHODS: Seventy candidates for ICA sacrifice were evaluated preoperatively with a test 

occlusion of the cervical ICA using an endovascular balloon. Measurements of ICA stump pressure 

above the occlusive balloon through a distal lumen in the balloon catheter were made throughout 

the 15-minute test. During occlusion , CBF was measured with stable xenon CT techniques. 

Patients were then ca tegorized according to CBF results. RESULTS: The stump pressure changed 

significantly (P < .001) during the occlusive period . On average, stump pressure increased 7.7 

mmHg (12% ). Patients determined by xenon CT to have an asymmetric decrease in CBF with 

balloon occlusion did not display the upward trend in stump pressures and were significantly 

different (P = .013) in that respect from patients who demonstrated ei ther no CBF change or only 

minimal bilaterally symmetric decreases in CBF. CONCLUSIONS: Large overlaps among the 

groups prohibit the use of stump pressure changes as an accurate predictor of CBF or of stroke 

risk in an individual patient. However, these data suggest an autoregulatory mechanism in the 

cerebral ci rculation that evolves over a period of minutes in contrast to the traditional concept of 

cerebral autoregulation which is thought to occur in a matter of seconds. 

Index terms: Arteries, carotid (internal); Cerebral blood flow; Computed tomography, xenon study; 

lnterventional neuroradiology, provocative testing ; Catheters and catheterization , balloons 
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Patients undergoing surgery for internal carotid 
artery (ICA) aneurysms or skull base tumors often 
require permanent occlusion of an ICA. Although 
the majority of patients tolerate the loss of one 
ICA, a significant percentage suffer either imme­
diate or delayed neurologic deficits, presumably 
related to poor collateral circulation . To predict 
which patients will be unable to tolerate perma­
nent ICA occlusion, we test patients preopera­
tively with temporary ICA occlusion using an 
endovascular balloon. This clinical test occlusion 
is coupled with a stable xenon computed tomog­
raphy (CT) cerebral blood flow (CBF) measure-
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ment (1-5). During the clinical 15-minute test 
period we have recorded serial stump pressures. 
The purpose of this study was to determine 
whether stump pressure changed significantly 
over time and to examine correlations between 
stump pressure changes and CBF as measured 
by xenon CT. 

Materials and Methods 

Following evaluation with CT, cerebra l angiography, and 
a baseline neurologic exam, 70 carotid sacrifice candidates 
underwent a 15-minute test occ lusion of the ICA. There 
were 41 men and 39 women with a mean age of 44 years 
(range, 2 to 68 years). Occlusion was achieved with a 
balloon-tipped 5-F double-lumen ca theter (Swan-Ganz 
catheter , Baxter Healthcare, Santa Anna, CA or Occlusive 
Balloon catheter , Meditech, Watertown , MA) guided fluo­
roscopically to the ICA via the femoral artery. In this 
standard type of double-lumen catheter, one lumen is used 
for balloon inflation and the second lumen is a distal lumen 
extending beyond the balloon (Fig. 1). The distal lumen 
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Fig. 1. Inflated balloon in the cerv ical portion of the ICA. One 
lumen of the ca theter infl ates the ba lloon , the other measures 
pressure in the carotid stump. 

was connected to a pressure transducer and digital pressure 
monitor (Hewlett-Packard , Waltham , MA). Systemic (bra­
chial) blood pressure was monitored with a Dinamap Au­
tomatic Sphygmomanometer (Critikon , Tampa , FL). After 
anticoagulation with intravenous heparin, the balloon was 
infla ted. During the 15-minute clinical trial , systemic blood 
pressure, stump pressure (distal to the balloon), and neu­
rologic status were monitored. Stump and systemic pres­
sure readings were taken at either 2- or 3-minute intervals. 
Mean stump pressure change was determined by subtract­
ing the initial pressure reading (taken just after balloon 
inflation) from the pressure reading taken at each succes­
sive time interva l. 

If the neurologic status remained stable during the test 
occlusion, the balloon was deflated and the patient was 
transported to the CT scanner. The balloon was then 
reinflated using the same volume and a two-level stable 
xenon CBF study was performed. Baseline CBF measure­
ments were taken either before or after the balloon test, 
with sufficient time between the two exams to allow com­
plete xenon washout. If any change in neurologic status 
occurred during occlusion, the balloon was immediately 
deflated and the study concluded . Such patients are not 
included in this report because no pressure or CBF data 
were accumulated. 

The patients were next categorized into three groups 
according to xenon blood flow results (1 ). The first group 
of patients showed no change in CBF between baseline 
and occluded stud ies. The second group had small (usua lly 
less than 10 ml/ 1 00 gm / min) bilateral decreases in blood 
flow . The third group of patients had a unilateral decrease 
in CBF on the occluded side. 

Results 

On average, stump pressure increased 
7. 7 mmHg after 14 minutes of occlusion (Fig. 2) . 
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With an average stump pressure of 62 mmHg 
immediately after balloon inflation, this repre­
sents an increase of 12%. Change in stump 
pressure was statistically significant (P < .001 , 
one-sample Student t test). Change in stump 
pressure was independent of change in systemic 
blood pressure (Pearson correlation coefficient = 
0.05). 

Xenon CT CBF categorization of the 70 pa­
tients was as follows: 41 were group I (no de­
crease in CBF), 17 group II (mild bilateral de­
crease), and 12 group Ill (unilateral decrease on 
the occluded side). Comparison of the stump 
pressure changes based on CBF categories 
showed that group I and group II patients dis­
played an average increase of 9 mmHg (14%) 
and 10 mmHg (16 %) respectively , while group Ill 
patients demonstrated no upward trend (Fig. 3) . 
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Fig. 2. Change in stump pressure after ICA occlusion. Average 
plot of all 70 patients. Change in stump pressure is significant at 
the end of 14 minutes (P < .001 ). Error bars indicate 1 standard 
deviation. 
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Fig. 3. Change in stump pressure after ICA occlusion. Patients 
categorized according to xenon CBF measurements. Group Ill 
patients are significantly different from group I and group II 
patients combined (P = .013). Error bars indicate 1 standard 
deviation. 
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Differences in stump pressure change between 
group I and group II patients combined versus 
group Ill patients were statistically significant 
(P = .013, two-tailed Student t test). 

Discussion 

Stump pressure measurements have been used 
as an assessment of cerebral cross-filling during 
ICA occlusion (6-8). Measurements have been 
taken immediately following occlusion, but not 
usually observed over time. One exception was 
Beebe et al (9), who reported changes in stump 
pressure during carotid endarterectomy. Because 
stump pressure measurements have proven to be 
poor predictors of stroke risk ( 1 0) , we have em­
ployed a 15-minute clinical test occlusion and a 
xenon CT CBF study as a more reliable exami­
nation. 

As a consequence of our routine, we have had 
the opportunity to monitor stump pressure 
throughout the 15-minute occlusion period. We 
have observed that many patients upon occlu­
sion, after an initial drop in stump pressure from 
systemic levels, exhibit a gradual increase during 
the occlusive period to a relatively stable value, 
still below systemic pressure. Most of this in­
crease occurs during the first 6 minutes of occlu­
sion. Importantly, changes in systemic blood 
pressure do not correlate with changes in stump 
pressure. 

Furthermore, upon retrospective analysis, we 
noted that group Ill patients (asymmetric CBF 
with occlusion) do not display this same trend 
and are significantly different (P = .013) from 
group I and group II patients. Although the differ­
ences are statistically significant, large overlaps 
among the groups preclude the use of stump­
pressure change as a predictor of stroke in the 
individual patient. 

What these findings do suggest is the presence 
of a compensatory mechanism in the cerebral 
circulation in addition to "traditional" autoregula­
tion. Autoregulation, the ability to maintain con­
stant blood flow despite changes in pressure, is 
generally thought to occur in a matter of seconds 
and is thought to be controlled via arteriolae. In 
contrast, the response we are observing occurs 
over a period of minutes and likely involves 
collateral vessels, primarily those of the circle of 
Willis. Myogenic response times of this magni­
tude have been observed in isolated cerebral 
arteries of rats ( 11 ). 
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Group Ill patients, on average, do not demon­
strate a rise in stump pressure. There are at least 
three explanations for this . The first is that some 
patients simply have an incomplete circle of Willis 
and lack other significant collaterals. A second 
explanation is that, although present, the collat­
erals are unable to dilate because of such causes 
as vasospasm, vasculitis, chronic hypertension , 
tumor encasement, or atherosclerosis . A third 
explanation is that, because of chronic demand 
for cross-flow, the collateral vessels are already 
maximally dilated. 

One clinical consequence of our observation 
regards the use of SPECT (single photon emission 
CT) imaging during ICA test occlusion. If a stable 
state of cerebral perfusion during occlusion re­
quires several minutes to develop, then the timing 
for the radiotracer injection becomes an impor­
tant issue and perhaps should not take place 
immediately following occlusion. The stable xe­
non CT CBF method we employ has an inherent 
delay between balloon inflation and data acqui­
sition of approximately 5 minutes and is therefore 
less sensitive to the early flow changes. 

Potential pitfalls in our data may be from 
several sources. For example, Pco2 , a strong 
determinant of CBF, was not monitored during 
the clinical portion of the occlusion test and 
conceivably could have varied causing alterations 
in CBF. Also, pressure measurements can be 
factitious if a catheter is partially occluded by the 
vessel wall or by the balloon itself. Kinking of a 
catheter can also occur. To control for these latter 
possibilities, a pressure tracing was observed dur­
ing the measurements and should have remained 
pulsatile with a characteristic waveform. If it did 
not, then the catheter tip was repositioned slightly 
or the catheter lumen purged until satisfactory 
tracings returned. Inaccuracies can also occur 
from motion artifact during the xenon CT exam. 
This was not a significant problem. Finally , there 
is a period of time (approximately 30 minutes) 
between the acquisition of the pressure measure­
ments and the acquisition of the blood flow data. 

In summary, stump-pressure measurements 
during ICA occlusion indicate that stump pressure 
varies over time in some patients, increasing in 
that group of patients who display a normal CBF 
during occlusion. The stump-pressure increase 
was absent in the group with abnormal CBF 
(asymmetric low flow on the occluded side). The 
use of this information in an individual case is 
not helpful because of the large overlap among 
groups. However, trends in the data suggest a 
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compensatory mechanism in the cerebral circu­
lation that evolves over a period of several min­
utes and represents a second level of cerebral 
autoregulation. 
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