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OBJECTIVE

Permanent therapeutic occlusion of the carotid artery is one of the treatment options for
patients with a large/giant internal carotid artery aneurysm or tumor involving neck or skull
base. Balloon test occlusion (BTO) is performed to predict the tolerance of parent artery
occlusion (PAO). The authors combined various modalities to improve the sensitivity of BTO.

The purpose of this study is to present the efficacy of the multimodal BTO.

METHODS

Between January 2008 and September 2014, a total of 50 patients (internal carotid
aneurysms: 39; neck or skull base tumor: 8; others: 3; mean 58.4 years; range 7-81 years;
10 men and 40 women) underwent multimodal BTO. Tolerance of PAO was evaluated by the
algorithm with various assessment modalities including neurological symptom with/without
induced hypotension, finding of angiogram (collateral flow, venous phase laterality),
perfusion CT, and stump pressure. Clinical data of patients with BTO were analyzed
retrospectively. Procedures were performed in the angio/CT combination suite. BTO was
performed in the usual fashion and when the patient passed the immediate test occlusion,
perfusion CT was performed. Subsequently, the angiogram under balloon inflation was
followed. If the patient did not show neurological symptoms for 20 minutes, hypotension was
induced by intravenous injection of the vasodilator. Neurological symptoms were then

checked for more than 30 minutes.

RESULTS

By multimodal assessment of BTO, 33 patients were considered tolerable, 6 were partially
tolerable, and 11 were intolerable. Thirteen of 33 patients with predictive tolerance
underwent PAO without bypass and all but one showed no hemodynamic ischemia
postoperatively. Three of 6 patients with predictive partial tolerance were treated by PAO
with extracranial-intracranial bypass, and they experienced no hemodynamic ischemia. In
contrast, 1 with predictive partially tolerance treated by PAO without bypass developed

ischemic events as feared.

CONCLUSIONS
The multimodal BTO is helpful to evaluate the tolerance of PAO and is a reliable predictor of
postoperative ischemic events. It reduces risks and increases treatment safety for

permanent therapeutic occlusion of the carotid artery.
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artery (PPA) NHEHET BIGEIE. /NIL—2AT—TILICK H5EER ICA TOFAEICMA, 7
4 9 8B/N\I)L—>2HAT—TI)L (HyperForm/HyperGlide, Covidien, Irvine, CA, USA) Z#FHL\T
PPA S IEER S & Y RIEERD ICA THE L1z ICAN\L— U HEER(ICHBERDAZ LGS,

ER2H & L TIE RS & perfusion CT 1T 2= ICABIEH (I HA DKL TEEIIR (common
carotid artery: CCA)iR%s. RAID CCA RS (ICA WEET SN TEH Y ERIL ECA &), #
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Asterion 4 FIRZA T A AR T L, HR)EFEA Lz, NOBEHREERNIC CT ARES
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Stump pressure I 50mmHg UL E ZfittE. 30-50mmH Z1ERE, 30mmHg it % Mt &
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BOFREMNS., b meEREFEN 2 6, MITHREMENSHEEZ DR T,
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Figure legend

Fig.1

Multimodal assessment algorithm for balloon test occlusion of internal carotid artery.

Fig.2

BTO results of 50 cases depending on multimodal assessment.

Fig.3

65-year-old female with symptomatic large left ICA aneurysm.

A: Left internal carotid angiogram (A-P view).

B: 3D-DSA of left internal carotid angiogram (lateral view).

C: Perfusion CT image during BTO shows no asymmetry of CBF.

D and E: Right carotid angiogram of capillary and venous phase during BTO demonstrates
synchronous filling between the two hemispheres.

The patient had tolerance during BTO with hypotension. Stump pressure was 67/49 (mean
60). She was considered to be tolerant for permanent ICA occlusion

F: Right carotid angiogram after internal trapping of left ICA. No neurological symptoms

appeared postoperatively.

Fig.4

The patient is a 77-year-old female with symptomatic large left ICA aneurysm. Panel A and
B show the left internal carotid angiogram (A-P view) and 3D-DSA, respectively. Perfusion
CT image during BTO shows asymmetry and CBF decreases in left hemisphere (C). Right
carotid angiogram of capillary (D) and venous phase (E) during BTO demonstrates
asynchronous between the two hemispheres. The patient had no apparent neurological
symptom during BTO and stump pressure was 55/42 (mean 48). She was considered to be
partially tolerant for permanent ICA occlusion. The authors recommended ICA occlusion and
STA-MCA bypass. However, the patient refused the bypass procedure; therefore, only
internal trapping was performed. Postoperatively, the patient repeatedly presented transient
ischemic symptoms, and MR diffusion weighted image demonstrated high intensity spots in
left watershed (F). Rescue STA-MCA bypass was performed and her symptom completely
disappeared.

Table 1
BTO results (tolerance status), selected procedures and complications.



Tolerance status of BTO

BTO Torelance

BTO Partial Torelance

BTO Intorelance

Treatment

Total

PAO

PAO+ HFB
PAO+STA-MCA
Treatment w/o PAO

Observation

Total

PAO

PAO+ HFB
PAO+STA-MCA
Treatment w/o PAO
Observation

Total

PAO

PAO+ HFB
PAO+STA-MCA
Treatment w/o PAO

Observation

O S N = R

- b O O O

Neurological complication (n) Cause of complication and mRS at 2 month follow-up

NA

NA

NA

1; Ischemia, thromboembolic (MRS0) 1; Ischemia, hempdynamic (mRS0)
1; Ischemia, surgical site (MRS1)

None

None

None

1; Ischemia, hemodynamic (mRS1)
NA

None

None

None

NA

1; Hyperperfusion (mRS1), 1; Ischemia, thromboembolic (mRS2), 1; Subarachnoid hemorrhage (mMRS6)
NA

None

None

BTO: balloon test occlusion; PAO: parent artery occlusion; HFB: high-flow bypass; STA-MCA: superficial temporal artery- middle cerebral artery; NA: not available; mRS: modified Rankin Scale
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