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RETROSPECTIVE STUDY

Balloon test occlusion of internal carotid artery:
Angiographic findings predictive of results

Kazufumi Kikuchi, Takashi Yoshiura, Akio Hiwatashi, Osamu Togao, Koji Yamashita, Hiroshi Honda

Kazufumi Kikuchi, Takashi Yoshiura, Akio Hiwatashi, Osamu
Togao, Koji Yamashita, Hiroshi Honda, Department of Clini-
cal Radiology, Graduate School of Medical Sciences, Kyushu
University, Fukuoka 812-8582, Japan

Author contributions: All the authors were involved in design-
ing the study and editing; Kikuchi K made substantial contribu-
tions to data analysis and interpretation, performed the statistical
analysis, wrote the manuscript draft, and revised it critically ac-
cording the suggestions of the other authors; Hiwatashi A, Togao
O, Yamashita K and Honda H made substantial contributions to
data analysis, interpretation, finding the pictures, and helped draft
the manuscript; Yoshiura T made substantial contributions to the
study conception and design, critically revised the manuscript
draft for important intellectual content, and gave final approval of
the version to be published; all the authors read and approved the
final manuscript.

Supported by JSPS KAKENHI, No. 26461828
Correspondence to: Takashi Yoshiura, MD, PhD, Department
of Clinical Radiology, Graduate School of Medical Sciences, Ky-
ushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582,
Japan. tyoshiu@radiol.med.kyushu-u.ac.jp

Telephone: +81-92-6425695 Fax: +81-92-6425708

Received: April 28,2014 Revised: June 24, 2014
Accepted: July 17,2014

Published online: August 28, 2014

Abstract

AIM: To reveal angiographic findings to predict the re-
sult of balloon test occlusion (BTO).

METHODS: The cerebral angiograms of 42 consecu-
tive patients who underwent cerebral angiography in-
cluding both the Matas and Allcock maneuvers and BTO
were retrospectively analyzed. Visualization of the an-
terior cerebral artery (ACA) and the middle cerebral ar-
tery (MCA) by the cross flow on the tested side during
the Matas or Allcock maneuver was graded on a 5-point
scale. Circle of Willis (COW) anatomy with respect to
the presence/absence of a collateral path to reach the
tested internal carotid artery (ICA) was classified into
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four categories. A univariate logistic analysis was used
to analyze the associations between each angiographic
finding and the BTO result. Sensitivity, specificity, accu-
racy, positive predictive value, and negative predictive
value for each finding were calculated.

RESULTS: Five patients (12%) were BTO-positive and
the remaining 37 patients (88%) were BTO-negative.
Visualizations of the ACA and MCA as well as the COW
anatomy were significantly associated with the BTO re-
sult (P = 0.0051 for ACA, P = 0.0002 for MCA, and P <
0.0001 for COW anatomy). In particular, good MCA vi-
sualization and the presence of an anterior connection
(collateral path to the tested ICA from the contralateral
ICA via the anterior communicating artery) in the COW
were highly predictive for negative BTO (negative pre-
dictive value = 100% for both).

CONCLUSION: A BTO result may be predicted by an-
giographic findings including ACA/MCA visualization and
COW anatomy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Balloon test occlusion (BTO) is widely per-
formed to assess the ischemic tolerance among pre-
operative patients. It is safe and useful, however, it
sometimes carries the risk of thrombosis, dissection
and infarction. Our study revealed that visualizations of
the anterior cerebral artery and middle cerebral artery
(MCA) as well as the circle of Willis (COW) anatomy
were significantly associated with the BTO result. In
particular, good MCA visualization and/or the presence
of an anterior connection [collateral path to the tested
internal carotid artery (ICA) from the contralateral ICA
via the anterior communicating artery] in the COW
were highly predictive for negative BTO.
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INTRODUCTION

The treatment of skull base lesions such as tumots, aneu-
rysms, and traumatic lesions may require internal carotid
artery (ICA) sacrifice!”. Pretherapeutic knowledge of
carotid artery dependence is essential in these patients,
since vascular bypass or alternative surgical approaches
may be necessary in those unable to tolerate ICA sacri-
fice. Balloon test occlusion (BTO) is an angiographic test
to evaluate ischemic tolerance after permanent occlusion
of an ICA™, During BTO, the cetebral hemisphere ip-
silateral to the tested ICA may be perfused by collateral
blood flow, depending on the development of collateral
pathways including the circle of Willis (COW). Although
BTO is widely accepted, it sometimes carries the risk of
thrombosis, dissection and infarction”. We hypothesized
that the BTO results can be predicted by angiographic
findings. Therefore the purpose of the present study was
to test whether angiographic findings can be used to pre-
dict BTO results.

MATERIALS AND METHODS

Subjects

Kyushu University Institutional Review Boatd for Clinical
Research approved this retrospective study. Between 1996
and 2011, BTO was performed in 77 patients at Kyushu
University Hospital. Among them, those who underwent
both the Matas maneuver (angiography of the non-tested
ICA during manual carotid compression on the tested
side) and the Allcock maneuver (angiography of the ver-
tebral artery during manual carotid compression on the
tested side) were selected. The cerebral angiograms of
42 consecutive patients (17 male and 25 female patients;
mean age, 54.2 years; median, 57 years; range 25-70
years) were thus included in this retrospective analysis.
Of the 42 BTO procedures, the right ICA was tested in
23 patients, and the left ICA was tested in 19 patients.
The diagnosis at the time of treatment included 13 ICA
aneurysms and 29 tumors (18 meningiomas, 3 schwanno-
mas, 2 pituitary adenomas, 2 cervical lymph node meta-
static tumors, 2 thyroid tumors, 1 chondrosarcoma and 1
hemangiopericytoma).

Angiographic procedure

A 5 Fr or 5.5 Fr femoral introducer was inserted in the
right femoral artery to perform the cerebral angiogra-
phy using a digital subtraction angiography (DSA) unit
(DFP-200A; Toshiba Medical Systems, Tokyo, Japan and
AXIOM Artis zee Biplane system; Siemens AG, Health-
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care Sector, Forchheim, German) with a 5 Fr diagnostic
catheter (TERUMO Clinical Supply, Gifu, Japan and
Hanaco Medical, Tokyo). After the femoral punctures,
3000 IU of heparin was systematically administered
intra-arterially by bolus, followed by an additional intra-
arterial infusion of 1000 IU/h. For each patient, both
Matas and Allcock maneuvers as well as a complete bi-
plane DSA study including bilateral common and ICAs
and vertebrobasilar system were performed. Angiogram
of external carotid artery was added when necessary. A
total of 8 to 10 mL of iodinate contrast [iopamidol 300
mgl/mL (Topamiron™, Bayer, Osaka, Japan)] was in-
jected at 4 to 5 mL/s for the ICA angiography, and 10 to
12 mL at 5 to 6 mL/s was used for the vertebral artery

(VA) angiography.

BTO procedure

The cervical portion of the tested ICA was occluded up
to 20 min using a 5 Fr balloon catheter (balloon size 8
mm; head hunter/BHW type, MOIYAN balloon cath-
eter; Miyano Medical Corp., Kobe, Japan). The balloon
was carefully inflated under fluoroscopic observation.
Complete occlusion was confirmed by an angiogram
through the balloon catheter. The patient then underwent
a continuous neurologic evaluation throughout the ex-
amination. The neurologic evaluations were performed
by clinical neurospecialists who maintained continuous
verbal dialogues with the patient and were continu-
ously evaluating the patient’s muscle strength, sensation,
cognition, and cranial nerve function during the testing
period. Electroencephalographic (EEG) monitoring was
performed in 36 patients. The balloon was immediately
deflated when any neurologic deficit or EEG abnormal-
ity was detected. In such cases, the BTO was judged to
be positive. The BTO was considered negative when the
patient tolerated the 20-min occlusion.

Image evaluation

Two board-certified radiologists (Kazufumi Kikuchi and
Osamu Togao) reviewed all angiographic images obtained
during the Matas and Allcock maneuvers in a consensus
reading, and they evaluated the visualization of the ante-
rior cerebral artery (ACA) and the middle cerebral artery
(MCA) on the tested side by the cross flow. Visualization
of the ACA and the MCA was graded on a 5-point scale
according to the established anatomical segment of each
artery (A1-4 for the ACA and M1-4 for the MCA™). Tt
was graded as A0/MO when no visualization of each at-
tery was noted. The best arterial visualization during the
Matas and Allcock maneuver was chosen as the repre-
sentative of each artery (ACA and MCA). Subsequently,
the Grading was classified as either poor (Grades 0-2) ot
good (Grades 3-4). The same two board-certified radiolo-
gists evaluated the COW anatomy. The COW anatomy
was classified into four types (Types 0-3) according to the
presence/absence of an anterior connection (connection
between the right and left ICAs via the anterior commu-
nicating artery) and the presence/absence of a postetior
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Figure 1 Classification of circle of Willis anatomy. Type 0: Neither an anterior connection nor a posterior connection is present; Type 1: Only a posterior con-
nection is present; Type 2: Only an anterior connection is present; Type 3: Both anterior and posterior connections are present. Note the black vessel represents the

tested internal carotid artery.

Table 1 Results of anterior cerebral artery visualization by

cross flow and the balloon test occlusion outcome

Table 2 Results of middle cerebral artery visualization by
cross flow and the balloon test occlusion outcome

ACA visualization BTO-positive (%) BTO-negative (%) Total (%)

MCA visualization  BTO-positive (%) BTO-negative (%) Total (%)

Poor Grade 0 2(5) 0 (0) 2(5)
Grade 1 0(0) 0(0) 0(0)
Grade 2 1(2) 1(2) 2(5)

Good Grade 3 0(0) 5(12) 5(12)
Grade 4 2(5) 31 (74) 33 (78)

Total 5(12) 37 (88) 42 (100)

Poor Grade 0 3(7) 1(2) 409)
Grade 1 12 0(0) 12
Grade 2 12 3(7) 4(9)

Good Grade 3 0(0) 12 (29) 12 (29)
Grade 4 0(0) 21 (50) 21 (50)

Total 5(12) 37 (88) 42 (100)

Significant differences (P = 0.0051; 95%CI: 0.13-7.61) was seen between the
ACA visualization and the BTO outcome. ACA: Anterior cerebral artery;
BTO: Balloon test occlusion.

connection (connection between the tested ICA and basi-
lar artery) (Figure 1). Subsequently, the COW anatomy
was classified into pootly-developed (either Type O or 1)
and well-developed (either Type 2 or 3).

Statistical analysis

We performed a univariate logistic analysis to determine
the associations between each angiographic finding and
the BTO result (positive »s negative). We calculated the
sensitivity, specificity, accuracy, positive predictive value,
and negative predictive value of ACA/MCA visualization
by cross flow (poor us good) and COW anatomy (pootly
developed #s well-developed) for predicting the BTO re-
sult. For all analyses, P < 0.05 was considered significant.

RESULTS

Five patients (12%) were BTO-positive and the remain-
ing 37 patients (88%) were BTO-negative. The BTO-
induced abnormalities wetre hyposthenia (7 = 3), aphasia
(7 = 3), loss of consciousness (7 = 2), slow brain waves (#
= 2) and facial paralysis (# = 1). In all patients, the neu-
rological deficits disappeared immediately after balloon
deflation.

Tables 1 and 2 summarize the visualization of the
ACA and MCA, respectively. Among the four patients
with poor ACA visualization, three (75%) wete BTO-
positive, whereas among the 38 cases with good ACA
visualization, only two (5%) were BTO-positive (Table
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Significant differences (P = 0.0002; 95%CI: 0.07-14.19) was seen between
the MCA visualization and the BTO outcome. MCA: Middle cerebral ar-
tery; BTO: Balloon test occlusion.

1). Among the nine patients with poor MCA visualiza-
tion, 5 (56%) were BTO-positive, whereas none (0%) of
the 37 patients with good MCA visualization were BTO-
positive. For both the ACA and the MCA, poor visual-
ization by cross flow was significantly associated with a
positive BTO result (P = 0.0051; 95%CI: 0.13-7.61 for
ACA, P = 0.0002; 95%CI: 0.07-14.19 for MCA, respec-
tively). Visualization of cross flow to the ACA (either
poor or good) predicted BTO results with a sensitivity of
60.0%, a specificity of 97.3%, an accuracy of 92.9%, a
positive predictive value (PPV) of 75.0%, and a negative
predictive value (NPV) of 94.7%. Similarly, visualization
of cross flow to the MCA showed a sensitivity of 100%,
a specificity of 89.2%, an accuracy of 90.5%, a PPV of
55.6%, and an NPV of 100%.

Table 3 shows the comparison of COW anatomy and
BTO results. Both (100%) of the two patients with Type
0 COW anatomy had a positive BTO outcome. Among
the six patients with Type 1 anatomy, 3 (50%) were BTO-
positive. Among the 34 patients with well-developed
COW (either Type 2 or Type 3 anatomy), none (0%) was
BTO-positive. The logistic analysis showed that pootly-
developed COW was significantly associated with positive
BTO result (P < 0.0001; 95%CI: 0.31-3.21).

When the COW anatomy was classified into poorly-
developed and well-developed, the sensitivity, specific-
ity, accuracy, PPV, and NPV were 100%, 91.9%, 92.9%,
62.5%, and 100%, respectively.

Figures 2 and 3 show representative patients with
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Figure 2 A 30-year-old patient with left skull base meningioma (Grade A4, M4; circle of Willis Type 3; balloon test occlusion negative). In the right internal
carotid artery injection, both the anterior cerebral artery and the middle cerebral artery on the left are well visualized by a cross flow via the anterior communicating

artery (A) and the posterior communicating artery (B).

Figure 3 A 50-year-old patient with left skull base meningioma and an incidental left internal carotid artery aneurysm (Grade A4, M0; circle of Willis Type 1;
balloon test occlusion negative). No cross flow is visualized in the right middle cerebral artery by either left internal carotid artery (ICA) (A) or vertebral artery (VA)
(B) injection. The right anterior cerebral artery is well visualized by left ICA injection (A) but not by VA injection (B). This patient complained of right facial paralysis and

aphasia 8 min after the balloon occlusion was inflated.

Table 3 Circle of Willis anatomy and the balloon test occl-

usion outcome

COW anatomy BTO-positive (%) BTO-negative (%) Total (%)
Poorly- Type 0 2(5) 0 (0) 2 (5)
developed  Typel 3(7) 3(7) 6 (14)
Well- Type 2 0 (0) 4 (10) 4(10)
developed  Type3 0(0) 30 (71) 30 (71)
Total 5(12) 37 (88) 42 (100)

Significant differences (P < 0.0001; 95%CI: 0.31-3.21) was seen between the
COW anatomy and the BTO outcome. COW: Circle of Willis; BTO: Balloon
test occlusion.

negative and positive BTO, respectively.

DISCUSSION

Therapeutic occlusion of the ICA remains an important
procedure”". In such cases, temporary BTO is impera-
tive to evaluate ischemic risks before complete blockage
is performed""™". The introduction of clinical BTO of
the ICA was associated with significant reduction in post-
occlusion morbidity; a review of the literature comprising
516 patients demonstrated that the use of BTO of the
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ICA reduced the morbidity of permanent ICA occlusion
from 26% to 13%!"”. However, complications due to
BTO have been reported, and the incidence of neuro-
logical deficits during BTO ranges from 3.2% (3) to 3.7%
(2). The risk of complication would rise when the wall of
the ICA is under a pathological condition such as severe

atheromatous disease!'” or vulnerability due to Ehlers-

Danlos syndrome'"".

Our present results demonstrate that for both the
ACA and the MCA, poor visualization by cross flow
was significantly associated with a positive BTO result.
In particular, MCA visualization showed a high sensitiv-
ity (100%) and NPV (100%). Poor development of the
COW was significantly associated with a positive BTO
result. Similarly to MCA visualization, COW anatomy
showed a high sensitivity (100%) and NPV (100%). Both
of the two patients with Type 0 COW anatomy were
BTO-positive. Among the patients with Type 1 anatomy
(only a posterior connection is present), 50% (3/6) were
BTO-positive, whereas none of those with Type 2 (only
an antetior connection is present) anatomy (0/4) were
BTO-positive. This finding indicates that the anterior cir-
culation has a greater effect on the risk of ischemic com-
pared to the posterior circulation, as indicated in other
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studies"™*".

Our results showed that good MCA cross-flow vi-
sualization and well-developed COW anatomy (i.e., the
presence of the anterior connection) were highly predic-
tive of a negative BTO result. In this study, angiographic
findings during the Matas and Allcock maneuvers were
evaluated. However, it is apparent that the predictive
value of these two findings (good MCA cross-flow visu-
alization and well-developed COW anatomy) would be
applicable to angiograms obtained without carotid com-
pression. When either of these two predictive findings is
present, avoidance of BTO may be considered, especially
in patients at a high risk for complications associated
with BTO. Conversely, poor visualization of ACA/MCA
and poortly-developed COW anatomy were frequently
associated with a positive BTO result (Tables 1-3). BTO
should be performed carefully in patients with those an-
glographic findings.

This study has several limitations. First, the number
of patients is limited. Moreover, due to the retrospective
nature, patient selection biases may be present. There
may be technical variability in manual carotid compres-
sion. Incomplete compression might have resulted in
poor cross flow visualization. We compared the angio-
graphic findings with BTO results, but not directly with
ischemic events following permanent ICA occlusion. In
the majority of our patients, subsequent permanent oc-
clusion was not performed. Neurological evaluation and
EEG monitoring were used to detect ischemia during
the BTO. We did not use perfusion imaging techniques
during the BTO, which would provide precise informa-
tion about localized ischemia that may not be detected by
neurological assessment.

In conclusion, angiographic findings during Matas
and Allcock maneuvers including the ACA/MCA visual-
1zation by cross flow and the COW anatomy were signifi-
cantly correlated with the BTO result. Good visualization
of the MCA by cross flow and the presence of the ante-
rior connection in the COW are predictive for negative

BTO.

COMMENTS

Background

Balloon test occlusion (BTO) is an angiographic test to evaluate ischemic
tolerance after permanent occlusion of an internal carotid artery (ICA). BTO is
widely accepted, it sometimes carries the risk of thrombosis, dissection and
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angiographic findings.
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The data revealed that visualizations of the anterior cerebral artery (ACA) and
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