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Cerebral Hemodynamic Benefits after Contralateral Carotid
Artery Stenting in Patients with Internal

Carotid Artery Occlusion
F. Oka, H. Ishihara, S. Kato, M. Higashi, and M. Suzuki

ABSTRACT

SUMMARY: CEA contralateral to an ICA occlusion is considered a surgical risk, and CASmay be an alternative for these patients. Our goal
was to examine whether CAS improves cerebral hemodynamics on the treated side and on the side of the ICA occlusion, on the basis of
measurement of CBF and CVR by using SPECT. The subjects were 8 patients who underwent contralateral CAS. Resting CBF and CVR to
acetazolamide were measured by using 123I-IMP SPECT before and chronically (3–6 months) after CAS. Resting CBF was also measured
immediately (�2 hours) after CAS by using 123I-IMP SPECT. There were no significant differences in resting CBF in both hemispheres
immediately after CAS. However, resting CBF andCVRboth significantly increased in the chronic period in both hemispheres. Contralateral
CAS in patients with ICA occlusion resulted in cerebral hemodynamic improvement on the treated side and on the side of ICA occlusion.

ABBREVIATIONS: CAS� carotid artery stenting; CEA� carotid endarterectomy; CVR� cerebrovascular reactivity; 123I-IMP� iodine 123 N-isopropyl-p-iodoam-
phetamine; PaCO2,� partial pressure of carbon dioxide

ICA occlusion is an important cause of cerebral ischemia due to

hemodynamic hypoperfusion.1 Severe stenosis in contralateral

ICA occlusion may further impair cerebral hemodynamics and

increase the risk of cerebral ischemic attack.2,3 CEA of the carotid

stenosis is often performed in such patients, and this procedure

may have hemodynamic benefits.4-6 However, CEA for patients

with contralateral ICA occlusion also has a high surgical risk.7-9

The reported efficacy and safety of CAS for severe stenosis con-

tralateral to a carotid occlusion suggest that CAS may be a thera-

peutic alternative in these patients.10-15

In contrast to CEA, CAS is a relatively new technique and little

is known about the hemodynamic consequences of contralateral

CAS in patients with ICA occlusion.16-19 In this study, we used

SPECT to investigate the immediate (within 2 hours after CAS)

and chronic (3– 6 months after CAS) hemodynamic effects of

contralateral CAS in patients with ICA occlusion.

CASE SERIES
Patients
Eight consecutive patients with ICA occlusion who underwent

contralateral CAS at our institution between January 2009 and

August 2011 were enrolled in this study. The mean age was 70

years (range, 60 – 81 years), and 7 subjects were men. Demo-

graphic data are shown in Table 1. Six patients were symptomatic,

and 2 were asymptomatic. All 6 symptomatic patients had minor

stoke or transient ischemic attack in the supply territory on the

carotid occlusion side. In this study, the definition of “transient

ischemic attack” was a brief episode of neurologic dysfunction

caused by focal brain or retinal ischemia and without evidence of

acute infarction on diffusion-weighted MR imaging. “Minor

stroke” was defined as a neurologic dysfunction with evidence of

acute infarction on diffusion-weighted MR imaging and a modi-

fied Rankin Scale score of 0 –1 on admission. All 8 patients under-

went 4-vessel angiography before CAS, and ipsilateral ICA occlu-

sion and contralateral severe (�70%) ICA stenosis was

confirmed. The degree of stenosis was determined by using the

NASCET criteria.7 The average degree of stenosis was 81.5 � 5.4%

(range, 72%–90%). During angiography, collateral flow on the

side of the ICA occlusion was evaluated from the anterior com-

municating artery and posterior communicating artery. In all

cases, collateral flow via the anterior communicating artery was

recognized, and in 5 cases, collateral flow via the posterior com-

municating artery was also present.

CBF Measurement
CBF was evaluated by using SPECT, which was performed 3 times

for each patient: within 2 weeks before, 2 hours after, and 3– 6

months after CAS. Before and 3– 6 months after CAS, resting CBF

and CVR were measured in 1 session by using the dual-table au-
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toradiographic method and dual administration of 123I-IMP, as

described in detail elsewhere.20 For the dual-table autoradio-

graphic method, 2 dynamic scans were acquired in quick succes-

sion, with a 2-minute interval between scans. The first scan cov-

ered the initial period from 0 to 28 minutes, and the second scan

was acquired from 30 to 58 minutes. At 4 minutes per frame, 7

frames covered each of the 2 dynamic scanning periods. 123I-IMP

(167 MBp) was intravenously infused for 1 minute at a constant

rate. For SPECT with drug challenge, acetazolamide (Diamox; 17

mg/kg; 1000 mg maximum) was administered intravenously 20

minutes after the first 123I-IMP injection and thus 10 minutes

before the second 123I-IMP injection. CVR was calculated as fol-

lows: CVR � 100 � (Diamox CBF � resting CBF)/resting CBF.

Blood was sampled from the antecubital artery 10 minutes after

the injection. In the SPECT study performed within 2 hours after

CAS, only resting CBF was measured by using the autoradiogra-

phy method with a single administration of 123I-IMP and a single

scan.

The resolution of the SPECT system was 10.4 mm at full width

at half maximum. The system consisted of a 3-headed � camera

GCA-9300A/HF (Toshiba, Tokyo, Japan) equipped with low-en-

ergy high-resolution fan-beam collimators and a processing com-

puter GMS-5500A/DI (Toshiba). Projection data were obtained

from each camera in 10 rotations and with triple photopeaks for

triple energy window scatter correction.

Image Analysis
Hemispheric CBF was measured by using an automated region-

of-interest analysis, as described in detail elsewhere.21 Before the

analysis, we constructed a VOI template generated by NEURO-

STAT (http://128.95.65.28/�Download/) to determine the ROIs,

which were all located in the hemisphere. The VOI template was

modified in size and shape on the basis of individual SPECT im-

ages to determine the region-of-interest boundaries. First, a

SPECT image was anatomically standardized by using NEURO-

STAT to obtain information for voxel transformation. Using this

information and inverse transformation, we modified the VOI

template to fit the SPECT image. The inverse transformed VOI

templates were then extracted from each section to determine the

ROIs. Finally, the determined ROIs were positioned on the indi-

vidual SPECT images. The hemispheric region of interest at the

level of the basal ganglia was used for analysis.

Endovascular Technique
Before the procedure, all patients were premedicated for at least

72 hours with 2 antiplatelet agents chosen from aspirin (100 mg),

clopidogrel (75 mg), and cilostazol (200 mg). All procedures were

performed with the patient under local anesthesia. After diagnos-

tic angiography, heparin was intravenously administered to

maintain an activated clotting time for 280 seconds. An 8F guid-

ing catheter was advanced to the affected common carotid artery.

Distal protection devices were used in all cases to avoid distal

emboli during the procedure. A carotid GuardWire (Medtronic,

Minneapolis, Minnesota) was used in 4 cases; a FilterWire EZ

(Boston Scientific, Natick, Massachusetts), in 3 cases; and an An-

gioGuard XP (Cordis, Miami Lakes, Florida), in 1 case. In the

cases in which a carotid GuardWire was used, we inflated the

distal balloon for 1 minute before the procedure to confirm tol-

erability to transient occlusion, and no ischemic symptoms were

observed. Predilation was performed with a 3.0- to 3.5-mm an-

gioplasty balloon (Sterling; Boston Scientific), and a self-expand-

able stent of appropriate size was deployed. A Precise stent (Cor-

dis) was used in 7 cases, and a carotid Wallstent (Boston

Scientific) was used in 1 case. Postdilation was performed with a

high pressure 4.0- to 5.0-mm semicompliant angioplasty balloon

(Aviator; Cordis). Demographic data are shown in Table 1.

Statistical Analysis
Descriptive data are presented as means. A paired t test was used

to compare paired data (hematocrit, PaCO2, mean blood pres-

sure, resting CBF, and CVR) between the preoperative and 2 post-

operative SPECT studies. Differences were deemed to be statisti-

Table 1: Patient and interventional characteristics

Patient

Age
(yr)/
Sex Symptom

Degree of
Stenosis
(%)

Collateral
Flow DP Stent

Maximum
Balloon Size
(mm)

Procedure Timea

(Occlusion Timeb)
(min)

Degree of
Stenosis

after CAS (%)

Clinical
Outcome
(mRS)

1 73/M Asymptomatic 86 AcomA� CG P 5.0 31 5 0
PcomA� (8)

2 68/M Minor stroke (hemodynamic) 83 AcomA�
PcomA�

CG P 4.0 32
(12)

5 0

3 63/F Minor stroke (emboli) 80 AcomA� AG P 4.5 29 0 1
PcomA�

4 60/M Minor stroke (emboli) 80 AcomA� CG P 5.0 30 0 1
PcomA� (11)

5 81/M Asymptomatic 83 AcomA� CG P 4.0 25 0 0
PcomA� (7)

6 69/M TIA (hemodynamic) 90 AcomA� FW CW 4.0 32 0 0
PcomA�

7 80/M Minor stroke (emboli) 70 AcomA� FW P 5.0 31 5 0
PcomA�

8 69/M Minor stroke (hemodynamic) 80 AcomA�
PcomA�

FW P 4.5 40 0 0

Note:—AG indicates AngioGuard XP; AcomA, anterior communicating artery; CG, carotid GuardWire; CW, carotid Wallstent; DP, distal protection device; FW, FilterWire EZ;
mRS, modified Rankin Scale; P, Precise stent; PcomA, posterior communicating artery.
a The period from insertion of a guiding catheter until the end of the procedure.
b The period from inflation to deflation of a distal occlusion balloon in cases in which a Carotid GuardWire was used.
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cally significant if the probability value was less than .05. All

calculations were performed by using StatView Version 5.0 soft-

ware (SAS Institute, Cary, North Carolina).

RESULTS
CAS was successfully performed in all patients, and no complica-

tions occurred in this series. No cerebral ischemic attacks have

occurred in either cerebral hemisphere during a mean follow-up

period of 24 months. Physiologic data (Table 2) showed that he-

matocrit and PaCO2 were stable between measurements, but

blood pressure was significantly reduced immediately and chron-

ically after CAS. Resting CBF (Table 3) was unchanged in both

hemispheres immediately after CAS (Table 3) but was signifi-

cantly increased in both hemispheres in the chronic period. CVR

also significantly increased in both hemispheres chronically after

CAS (Table 3).

To illustrate the results in more detail, we describe a represen-

tative case of a 68-year-old man (patient 2 of Table 1) who had

transient left hemiparesis and in whom fresh infarction in the

right frontal lobe (watershed area) was detected on MR imaging.

MR angiography revealed occlusion of the right ICA and severe

stenosis of the left ICA. One month after onset, CAS for the left

ICA was performed successfully. Transient hypotension occurred

for a few days after the procedure, but the patient was finally

discharged home with no neurologic deficits. Before CAS, resting

CBF and CVR were 25.68 mL/100 g/min and 5.9%, respectively,

on the CAS side and 24.58 mL/100 g/min and �6.3%, respec-

tively, on the side of ICA occlusion. Resting CBF decreased

slightly in both hemispheres (20.7 mL/100 g/min on the treated

side and 19.71 mL/100 g/min on the ICA occluded side) immedi-

ately after CAS, but no ischemic symptoms were observed and no

new infarct lesion was seen on MR imaging after CAS. Five

months after CAS, resting CBF and CVR had increased in both

hemispheres, to 27.27 mL/100 g/min and 33.1%, respectively, on

the treated side and to 26.22 mL/100 g/min and 15.8%, respec-

tively, on the ICA occluded side (Fig 1).

DISCUSSION
In this study, we investigated hemodynamic changes immediately

and chronically after contralateral CAS in patients with a pre-

existing ICA occlusion. There were no significant differences in

resting CBF in both hemispheres immediately after CAS. How-

ever, resting CBF and CVR both significantly increased in the

chronic period on the side of CAS and on the side of the ICA

occlusion.

Two opposite pathologic conditions may occur immediately

after CAS: hyperperfusion and hemodynamic ischemia. “Cerebral

hyperperfusion syndrome,” which is defined as a major increase

in ipsilateral CBF to well above the metabolic demands of the

brain tissue following the repair of carotid artery stenosis,22,23 is a

rare but potentially catastrophic complication after CEA or

CAS.24-32 The mechanism remains unclear, but preoperative im-

pairment of autoregulation due to chronic hypoperfusion result-

ing from contralateral ICA occlusion is one of the risk factors.32-34

To prevent this syndrome, strict control of blood pressure during

the postoperative period has been emphasized in many

reports.22-24,33 Hyperperfusion did not occur in any of our pa-

tients; however, the possible occurrence of this condition should

be recognized.

Conversely, too much reduction of blood pressure can lead to

hemodynamic ischemia, especially on the side of ICA occlusion.

Transient bradycardia and hypotension due to carotid artery

baroreceptor damage often occur during CAS.35-37 On the basis of

our results, blood pressure significantly decreased immediately

after CAS, and it is possible that an abrupt decrease of blood

pressure might lead to cerebral ischemia. However, we found that

resting CBF did not change significantly in both hemispheres and

no ischemic complications occurred. Even in the situation of hy-

potension associated with CAS, our data suggest that the decrease

in CBF on the side of ICA occlusion can be minimized with the

help of cerebral autoregulation or collateral cross-flow from the

CAS side. In other words, if collateral flow from the anterior com-

municating artery is absent, careful management of blood pres-

sure might be required.

In contrast to the situation immediately after CAS, resting

CBF and CVR significantly increased on the CAS and ICA occlu-

sion sides in the chronic period. Several studies have found he-

modynamic benefits of contralateral CEA in patients with ICA

occlusion.5,6 In contrast, CAS is a relatively new technique, and

only a few small studies have evaluated the hemodynamic conse-

quences in similar patients.16-19 Two previous studies are consis-

tent with our results. In a study of 5 patients, Kataoka et al17

examined changes of resting CBF and CVR by using SPECT from

before to approximately 1 week after CAS. Similar improvements

of resting CBF and CVR were observed on both sides, even though

postoperative SPECT was performed much earlier than in our

study.17 These results suggest that hemodynamic changes may

occur within 1 week after the procedure. In a study of 74 patients

(24 of whom had contralateral ICA occlusion), Trojanowska et

al18 measured cerebral perfusion changes with time after CAS on

the basis of CT perfusion imaging and reported similar hemody-

namic improvements in both hemispheres in patients with con-

tralateral ICA occlusion at 3 days and 6 months after the proce-

dure. In a study of 21 patients (9 of whom had bilateral ICA

stenosis or occlusion), Tang et al19 measured arterial blood pres-

sure and cerebral blood flow velocity of the middle cerebral artery

by using transcranial Doppler from 10 minutes before to 24 hours

after CAS. These data showed improvement of dynamic cerebral

autoregulation on the CAS side, but not on the contralateral non-

stented side.19 This discrepancy with the current study and other

previous studies may be due to the difference in the period after

the procedure before measurement, because more time may be

required to obtain an effect on the nonstented side, and also dif-

ferences in patient characteristics, because cases with both ICA

occlusion and stenosis were included in Tang et al.19

In patients with carotid artery occlusion, decreased resting

CBF and CVR measured by SPECT are risk factors for future

Table 2: Physiologic data before and after carotid artery stenting

Parameter
Before
CAS

After CAS
(<2 h)

After CAS
(<3 mo)

Hematocrit (%) 35.0� 3.3 35.9� 3.1 33.5� 5.0
PaCO2 (mm Hg) 36.4� 2.7 38.3� 3.6 37.1� 2.9
Mean arterial pressure (mm Hg) 104� 9 86� 17.6a 89� 9.2a

a P� .05 vs preoperative data.
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ischemic stroke.38,39 However, the effectiveness of improved ce-

rebral hemodynamics after surgical revascularization for prevent-

ing ischemic stroke is uncertain. In the recent Carotid Surgery

Study Randomized Trial, extracranial-intracranial bypass surgery

did not show an additional benefit over medical therapy for pre-

vention of recurrent stroke, despite improvement of cerebral he-

modynamics in the surgery group.40 However, in patients with

ICA occlusion and contralateral ICA stenosis, cerebral hemody-

namics may be more disturbed, and higher risks of ischemic

stroke have been reported for both symptomatic and asymptom-

atic patients.2,3,41,42 A number of studies have shown that con-

tralateral CEA in patients with ICA occlusion has a long-term

effect on prevention of stroke on the side of endarterectomy and

on the side of ICA occlusion, which is explained by improvement

of cerebral hemodynamics on the side of ICA occlusion; however,

among these studies, only the NASCET study was a randomized

trial.5,6,41,43,44 After CAS, a similar improvement was seen in our

patients and in previous studies.17,18 Therefore, from a hemody-

namic point of view, CAS also seems to be effective for prevention

of ischemic stroke on the side of ICA occlusion.

In cases of ICA occlusion with contralateral ICA stenosis, re-

vascularization by CEA for ICA stenosis has often been per-

formed.5,6,41,43,44 However, CEA contralateral to ICA occlusion is

considered to have a higher surgical risk due to reduction of col-

lateral flow during carotid clamping.8,9 Routine or selective use of

an intraluminal shunt during CEA has been reported to be effec-

tive for avoidance of this risk.45,46 CAS also requires shorter tem-

porary occlusion during the procedure. On the basis of a system-

Table 3: Hemodynamic changes in both cerebral hemispheres before, immediately after, and chronically after carotid artery stenting

Patient

Side of CAS Side of ICA Occlusion

Resting CBF (mL/100 g/min) CVR (%) Resting CBF (mL/100 g/min) CVR (%)

Before
CAS

After CAS
(<2 h)

After CAS
(3–6 mo)

Before
CAS

After CAS
(3–6 mo)

Before
CAS

After CAS
(<2 h)

After CAS
(3–6 mo)

Before
CAS

After CAS
(3–6 mo)

1 32.8 31.0 40.3 6.0 19.6 31.9 30.4 38.5 �1.1 �1.2
2 25.7 20.7 27.3 5.9 33.1 24.6 19.7 26.2 �6.3 15.8
3 27.6 23.2 27.8 30.0 39.2 23.4 19.4 23.3 17.8 32.4
4 24.4 30.9 29.5 7.3 44.4 19.7 24.2 23.3 10.3 36.2
5 25.3 25.6 26.2 48.4 54.0 19.2 21.5 23.1 3.4 5.0
6 27.9 27.9 34.5 26.6 59.9 26.0 27.0 32.7 20.0 18.0
7 31.3 29.3 32.5 30.1 28.2 32.8 31.3 30.6 16.7 24.9
8 18.5 17.0 19.9 38.0 51.6 18.9 16.9 20.2 33.2 45.2
Mean 26.7� 4.1 25.7� 4.8 29.7� 5.7a 24.0� 15.0 41.2� 12.9a 24.6� 5.1 23.8� 5.0 27.2� 5.8a 11.8� 12.0 22.0� 14.7a

a P� .05 vs preoperative data.

FIG 1. Images obtained in a representative case. A, A preoperative left common carotid artery angiogram shows severe ICA stenosis (antero-
posterior view). B, Left CAS was performed and a postoperative angiogram reveals no significant residual stenosis (anteroposterior view). C and
D, Preoperative SPECT shows hypoperfusion (C ) and low cerebrovascular reactivity (D ) in both hemispheres. In the right hemisphere, a steal
phenomenon is detected (D ). E and F, Postoperative SPECT obtained 3 months after CAS. The examination demonstrates increased resting CBF
(E ) and cerebrovascular reactivity (F ) on both the ipsilateral and the contralateral carotid occluded sides.
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atic review of 206 independent studies of 54,713 patients who

received CAS, Touzé et al47 found that CAS contralateral to ca-

rotid occlusion does not increase the operative risk. Several other

studies have also shown the safety and effectiveness of CAS con-

tralateral to carotid occlusion.10-15 In our cases, there were neither

complications nor recurrent ischemic attacks during and after

CAS. Thus, although CAS has yet to be shown to have safety

equivalent to that of CEA, contralateral CAS may be a good option

in patients with ICA occlusion.

There are some limitations of this study that require discus-

sion. First, we used the region-of-interest method to analyze CBF.

This method is widely used, but it does not include the whole

brain. Second, we used SPECT, whereas the most reliable method

for hemodynamic assessment is PET. It has been reported that

decreased resting CBF and the CVR to acetazolamide are related

to the increased oxygen extraction fraction assessed by PET, and

this could be useful for the screening of patients with misery

perfusion.48

CONCLUSIONS
We reported hemodynamic changes with time after contralateral

CAS for severe ICA stenosis in patients with ICA occlusion. Im-

mediately after CAS, CBF did not change significantly in both

hemispheres, and neither hyperperfusion nor hemodynamic

ischemia occurred. Chronically after CAS, cerebral hemodynamic

improvements were seen on both the treated side and the side of

the ICA occlusion. From a hemodynamic perspective, CAS was

effective for preventing ischemic attacks in both hemispheres in

our patients.
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