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Balloon Test Occlusion as a Preoperative Evaluation for
Cerebral Aneurysms Treated with Bypass Surgery
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Summary: For the treatment of patients with complex internal carotid artery (ICA) aneurysms, it Key words:

may be necessary to occlude the parent artery following a bypass surgery. The bypass surgery may * balloon test occlusion
be low or high flow bypass, but selection criteria have not been established. We retrospectively ana- - bypass

lyzed our method using preoperative balloon test occlusion (BTO). * coraplex aneurysm
Thirty-five patients with ICA aneurysms, 15 ruptured and 20 unruptured, were treated with parent * internal carotid artery

artery occlusion with bypass surgery. Preoperative BTO was performed in 27 cases (all unruptured
and 7 ruptured, chronic stage cases). When ischemic symptoms occurred during BTO, high flow
bypass was performed followed by parent artery occlusion. Otherwise, single-photon emission com-
puted tomographic findings during BTO were used for the bypass selection. If ipsilateral residual
blood flow was 70-75% or less of the contralateral hemisphere, high flow bypass was chosen and if
between 70-75% and 90%, superficial temporal artery-middle cerebral artery (STA-MCA) bypass was
employed. In the acute stage of 8 ruptured cases, BTO was not performed and bypass selection was
made according to angiographic findings only. After completion of the bypass, ipsilateral ICA occlu-
sion (ICO) was performed either by direct or intravascular technique. The site of ICO was deter-
mined to completely block the blood flow into the aneurysm considering both conventional angiog-
raphy and BTO findings.

A total of 15 STA-MCA and 20 high flow bypasses were performed followed by ICO. There was no
mortality or morbidity in unruptured cases. In ruptured cases, there were 3 complications related to
surgical procedure such as perforator injury, but no patients showed insufficient ipsilateral cerebral
blood flow postoperatively. One asymptomatic cerebral infarction developed due to BTO. In & cases,
petrous portion collateral flow from external to internal carotid artery was seen, and the ICO was
performed above the collateral using intravascular embolization.
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In patients with complex ICA aneurysms to be treated with bypass surgery and ICO, BTO may pro-
vide a reliable tool to determine the bypass method and the site of ICO.
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A 63-yearold man who had left visual disturbance. A
and B: left internal carolid angiography showing a
giant paraclinoid internal carotid artery [ICA) aneurysm.
C: A 7Ted lethyl cysteinate dimer (ECD) SPECT dur-
ing balloon test occlusion (BTO) of left [right of the fig-
ure} ICA showing modest flow reduction in the left cere-
bral hemisphere (residual flow >75% of the con-
tralateral region in all the regions of interest). D: Right
ICA angiography during BTO of left ICA showing mod-
erate collateral flow through anteriror communicating
artery. E: Postoperative left common carofid arteriog-
raphy showing patent superficial temporal- middle cere-
bral artery byposs and no opacification of the
aneurysm.

Fig. 1

BICALAD - 2 MHEIFHETE B, FHFRITL
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¢, high flow /34 /S 2#BE, STA-MCA /A SAHEHD
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HETE, PRI THLREEEEFo TMITEEZIT
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Fig. 2 A 60yearold woman who complained of diplopia due to right sixth cranial nerve palsy.

A: A 3dimensional digital subtraction angiogrophy (3DDSA) showing o giont right ICA
aneurysm at the cavernous portion. B: An ECD SPECT during BTO of right ICA showing
marked flow reduction in the right {left of the figure) cerebral hemisphere (residual flow <
70% of the contraloteral region). C: An angiography offer surgery of extemal carofidight
middle cerebral arfery bypass using saphenous vein graft and ligation of right ICA ot the
neck. The right infracranial carofid system is opacified through the vein graft and the aneurysm
is not seen. D: An ' ZFNHisopropylpiodoamphetamine {IMP] SPECT obtained next day of
the surgery showing sufficient flow in the right cerebral hemisphere.

WERbDEBbhAN, LERNANAMEES over-
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Fig. 3 A 60vyearold woman who complained of diplopia due fo right third cranial nerve palsy.
A: A 3DDSA showing a large right ICA aneurysm at the cavernous portion. B {early phose)
and C (late phasel: Right common carofid angiograms during BTO showing opacification
of petrous portion ICA [arrows) from branches of external carotid artery. D: An ECD SPECT
during BTO of right ICA showing marked flow reduction in the’ right cerebral hemisphere
(residual flow <70% of the contralateral region]. E: An IMP SPECT obtained next day of
the surgery showing sufficient flow in the right cerebral hemisphere. F: An angiography after
surgery of external carofidright middle cerebral arfery bypass using saphenous vein graft
and intravascular embolization (arrow) of right ICA just above the collateral flow shown in

B and C.
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RIEUROSURGERY

INTRAOPERATIVE APPLICATION OF THERMOGRAPHY
IN EXTRACRANIAL INTRACRANIAL BYPASS SURGERY

‘ hemodynamxc cerebral 1schemxa caused by
artenes lntraoperanve conf;rma'tlon of effectr

flow, Thermography :
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developed and applied in many fields,

including neurosurgery (6, 7, 11). Of spe-
cial interest in neurosurgery is thermographic
investigation of cortical circulation. Previous
experimental studies qualitatively demon-
strated a relationship between cortical surface
temperature and cerebral blood flow (CBF)
after ischemic insults of the brain. Okudera
et al. (11) used intraoperative thermographic
imaging clinically during surgical resection of
a cerebral arteriovenous malformation and
demonstrated changes of the surface tempera-
ture of the cortical draining vein and the sur-
rounding cortical surface before and after
occlusion of the main feeder.

Although extracranial-intracranial (EC-IC)
bypass failed to prevent recurrence of stroke
(2), some reports have demonstrated the poten-
tial effectiveness of superficial temporal artery
(STA)-to-middle cerebral artery (MCA) anasto-
mosis to improve compromised hemodynamic
cerebral ischemia (8, 9). Consequently, regional

Thermographic techniques have been

CBF (rCBF) studies are required to identify
appropriate candidates for bypass surgery. In
addition, intraoperative data of anastomotic
blood flow and its distribution are important to
confirm an effective EC-IC bypass. Currently,
anastomotic flow can be measured intraopera-
tively by several methods, including the elec-
tromagnetic flow meter, Doppler flow meter,
visual light spectroscopy, and videoangiogra-
phy (1, 5, 13). Distribution of anastomotic blood
flow can only be detected by rCBF measure-
ment at multiple sites of the operative field
using a laser Doppler flow meter and/or ther-
mocouple flow meter.

We have conducted intraoperative thermo-
graphic studies with an infrared camera that
can be used to quantitatively measure the cor-
tical surface temperature during EC-IC bypass
surgery. In this study, cortical surface temper-
ature and rCBF were simultaneously investi-
gated to clarify the relationship between the
thermal and rCBF changes caused by the anas-
tomotic blood flow.
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PATIENTS AND METHODS

Ten patients were selected for EC-IC bypass surgery based
on neurological examination, computed tomographic (CT) scan
findings, and rCBF studies. The results of the neurological
examination in the 10 patients ranged from transient neurolog-
ical deficits to minor complete stroke. CT scans showed small
(diameter, <2 c¢m), low-density areas caused by cerebral
ischemia. Angiography revealed internal carotid artery (ICA)
or MCA occlusive disease. A CBF study of the patients using
cold xenon-enhanced CT showed a reduction of more than 20%
in rCBF at the affected MCA territory. The Diamox (Wyeth
Pharmaceuticals, Collegeville, PA) loading test (17 mg/kg
administered intravenously) demonstrated an increase of less
than 10% in rCBF at the affected MCA territory compared with
the resting CBE.

All patients underwent STA-MCA double anastomoses more
than 2 months after their most recent ischemic attack.
Frontoparietotemporal craniectomy was performed on the
affected side with the patient under general anesthesia. The
donor artery was harvested by dissecting the STA. Recipient
arteries were selected from the cortical branches of the MCA. In
general, we prepared two donor arteries, the frontal and pari-
etal branches of the STA; and two recipient arteries, the supra-
and infra-Sylvian cortical branches of the MCA. A silicone stent
(diameter, 400 pm; length, 3-4 mm) that we designed was
inserted into the recipient artery through an arteriotomy to
fadilitate surgical preparation (10). Systemic arterial blood pres-
sure was measured at the radial artery.

Rectal temperature was maintained between 35 and 36°C
with a heating pad; room temperature was maintained at 23°C
to maintain the background cortical surface temperature as
constant as possible. A portable infrared camera (Tversus-
100ME model; Nippon Avionics Inc., Tokyo, Japan) and a tele-
vision monitor were used for intraoperative thermographic
examinations. The range of thermographic measurement was
from 0 to 50°C, the temperature resolution was 0.1°C, and the
scan speed was 10 frames per second. The cortical surface tem-
peratures at three regions of interest (ROIs) were simultane-
ously displayed in real-time on the monitor. The data were
recorded on a 3.5-inch floppy disk and analyzed with thermal
measurement computer software (Nippon Avionics Inc.). We
determined the changes in cortical surface temperature as a
result of the STA-MCA bypass at the completion of the surgical
procedures by performing thermographic studies before and
after temporary occlusion (20-30 s) of the bypass. We used this
method instead of measuring the temperatures before and after
the surgical procedure because the cortical temperature before
starting the surgical procedure would have been recorded a
long time before completion of the bypass procedures and,
thus, may not be accurate as the baseline value because of tem-
perature changes during the surgical procedures.

Intraoperative rCBF was measured using a laser Doppler
flow meter (ALF 21; Advance Co., Tokyo, Japan) at sites corre-
sponding to the ROIs of thermographic measurement of corti-
cal surface temperature, including at least two sites of the

ONS-2 | VOLUME 60 | OPERATIVE NEUROSURGERY 2 | APRIL 2007

supra- and infra-Sylvian areas. The effects of STA-MCA bypass
on brain surface temperature and rCBF were investigated by
temporary occlusion of the bypass, as described above. During
the operation, arterial blood gases were monitored to ensure
normocapnia and normoxia.

RESULTS

Ten patients underwent operation without any problems and
had excellent bypass patency. A representative case of a 70~
year-old man with transient right hemiparesis is shown in
Figure 1. Left ICA occlusion was demonstrated on carotid
angiograms. Resting rCBF studies showed a 30% reduction,
and 0% vascular reactivity was observed in cold Xe-CBF stud-
ies. Cortical surface temperature was measured at five ROlIs
(Fig. 2, A and B). Temporary occlusion of the STA-MCA bypass
produced heterogeneous changes in cortical surface tempera-
ture of the affected area (Fig. 2, A~C). The changes in cortical
surface temperature at the ROIs varied from 2 to 0°C. Release
of the temporary occlusion of the STA-MCA bypass resulted in
prompt recovery of temperature to the preocclusion level at
each ROI (Fig. 2C). Postoperative examination with magnetic
resonance angiography and/or conventional angiography
showed excellent patency of the STA-MCA bypass (Fig. 1B).

The cortical surface temperature and temperature changes
after the bypass procedure were not homogenous but were het-
erogeneous in all patients studied (Fig. 2). Although cortical
temperature in some ROIs changed only slightly, all patients
showed increased cortical temperature after STA-MCA bypass
surgery.

Measurements by laser Doppler flow meter also demon-
strated evident changes in rCBF at the sites at which brain sur-
face temperature changed drastically after temporary occlu-
sion of the bypass. The relationship between the change in
surface temperature and the corresponding change in rCBF at
20 ROIs was analyzed. A significant correlation was obtained
between cortical surface temperature and rCBF changes
(y = 89x — 0.8, 12 = 0.656; P < 0.0001) (Fig. 3).

DISCUSSION

This study suggests that thermography is useful to monitor
changes in cortical circulation caused by EC-IC bypass, indicat-

FIGURE 1. A 70-year-old man with left ICA occlusion presented with tran-
sient right hemiparesis. A, intraoperative field after STA (arrow)-MCA
bypass. B, postoperative angiogram showing excellent patency of STA
(arrow)-MCA anastomosis.
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THERMOGRAPHY AND EXTRACRANIAL-INTRACRANIAL BYPASS SURGERY

object. In the past, this method
had limited application in the
neurosurgical field because of
low sensitivity and resolution.
However, the latest thermo-
graphic systems have rapid
response and high sensitivity.
Therefore, thermographic
equipment is now able to
measure local cortical thermal
changes resulting from alter-
ations of rCBF because of sur-
gical manipulations. Brock
et al. (3) demonstrated local
temperature and blood flow
changes caused by cortical
compression by thermogra-
phy. Kondo et al. (7) applied
thermography to examine the
thermal changes and thermal
distribution of a free bone flap
with drilling and demon-
strated prominent tempera-
ture elevation at the drilled

i 1 i L i

0 S5

FIGURE 2. Thermographic monitoring of the operative field showing the brain surface temperature before (A) and dur-
ing (B) occlusion of the anastomosed STA. C, thermography demonstrating heterogeneous changes in cortical surface tem-
peratures measured at five ROIs (+A, +B, +C, +D, +E) with temporary occlusion (area between arrow and arrowhead)

of the anastomosed STA.

Changes in rCBF
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Changes in surface temperature(C)

FIGURE 3. Graph demonstrating a significant correlation between
changes in brain surface temperature and the corresponding changes in
rCBF at the same ROIs after temporary occlusion of the anastomosed
STA.

ing not only an increase in regional blood flow, but also the dis-
tribution of newly supplied blood.

Infrared thermographic imaging is an established technique
for the measurement of the surface temperature of any type of

RIEUROGSURGERY

site, which was reduced by
intermittent irrigation with
cold water. Further functional
activation of somatosensory
area was detected as an ele-
vated temperature site using
the latest thermographic sys-
tem (12). However, although
thermography has been used in pathophysiological and tech-
nological studies in many fields, to our knowledge, this
method has not been applied to evaluate cerebral vascular
reconstructive surgeries, the success of which depends on
excellent patency and appropriate distribution of blood flow.
After the first reports by Donaghy (4) and Yasargil (14), EC-
IC bypass has become an accepted technique to augment CBF
in patients with occlusive cerebrovascular disease. Thermo-
graphic investigation of EC-IC bypass demonstrates not only
bypass patency, but also distribution of the anastomotic
blood flow. Furthermore, intraoperative thermographic study
of the cortical surface temperature may predict local or dif-
fuse cerebral hyperperfusion after EC-IC bypass surgery. We
sometimes experience hyperperfusion, even during and
shortly after STA-MCA bypass surgery, particularly in
patients with moyamoya disease (unpublished data). To pre-
vent hyperperfusion during postoperative management, it is
important to control the patient’s blood pressure appropri-
ately, even just after the bypass surgery, on the basis of the
intraoperative thermographic findings. Our intraoperative
thermographic findings may predict quantitative circulatory
changes after bypass surgery. These thermal findings will
play an important role in achieving steady and useful cere-
bral revascularization.

Y T
25 30 (sec)
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Endoscope-Controlled Removal of Intrameatal

Vestibular Schwannomas

Abstract

The use of endoscopes for surgery of the cerebellopontine angle
tumors is steadily obtaining widespread acceptance. The objec-
tive of the present study was a laboratory and clinical evaluation
of the safety of the endoscope-controlled microneurosurgical re-
moval of the intrameatal vestibular schwannomas through a ret-
rosigmoid approach. The anatomical investigation was done on
formalin-fixed cadaver heads and dry temporal bones. Clinical
series included 33 consecutive patients (23 women and 10 men;
mean age 50 £ 15 years). A bayonet-style rigid endoscope with
70° angle of view and 4 mm outer diameter was found to be op-
timal for observation of the internal auditory canal. Its insertion
in the cerebellopontine cistern should be preferably done under
control through an operating microscope. Endoscope-controlled
manipulations necessitate the use of a special holder system,
which provides a stable position of the device and allows biman-
ual manipulations by the surgeon. A thermographic evaluation
did not reveal a significant increase of the local temperature
due to use of the endoscope. Use of the endoscope permitted re-
moval of the neoplasm from the most lateral part of the internal
auditory canal and identification of the nerve of tumor origin. In
total, 28 tumors underwent total removal, and anatomical pre-
servation of the facial nerve was attained in 31 cases. Damage of
the facial nerve by the endoscope was met-once. In 8 out of 16
patients, who showed serviceable hearing before surgery, this
was preserved after tumor removal. In conclusion, endoscope-
controlled removal of the intrameatal vestibular schwannomas
seems to be a technically feasible, effective and safe procedure.

Nevertheless, good equipment and special training are absolute-
ly necessary for attainment of optimal resuits.

Key words
Vestibular schwannoma - endoscope-controlled removal - neu-
roendoscopy - internal acoustic meatus

Introduction

Complete microneurosurgical excision represents the ideal treat-
ment option for symptomatic patients with vestibular schwan-
nomas [1]. On average 96 % of the tumors can be removed totally,
which provides the best possible long-term local control [2].
However, the treatment is accompanied by the well-known risk
of postoperative complications, such as hearing loss, facial nerve
palsy, and cerebrospinal fluid (CSF) leak. Many technical ad-
juncts were proposed for their prevention. Recently, there has
been growing interest in the use of neuroendoscopes during sur- '
gery for cerebellopontine angle (CPA) tumors [3~ 15], because
the possibility “to look around the corner” is very attractive for
early identification of the cranial nerves and inspection of the in-
ternal auditory canal (IAC). However, the efficacy of the tech-
nique is not yet completely known. Moreover, there is some con-
cern about possible endoscope-related complications due to
poor overview of the operative field, the limited two-dimension-

Department of Neurosurgery, Neurological Institute, Tokyo Women's Medical University, Tokyo, Japan

Prof. Tomokatsu Hori, M. D. - Department of Neurosurgery - Neurological Institute -
Tokyo Women's Medical University - 8-1 Kawada-cho - Shinjuku-ku - Tokyo 162-8666 -
Japan - Tel.: +81/3/3353-8111 (ext. 26216) - Fax: +81/3/5269-7438 - E-mail: thori@nij.twmu.ac.jp

Minim Invas Neurosurg 2006; 49: 25-29 © Georg Thieme Verlag KG Stuttgart - New York {&

—-329-

Affiliation :

Correspondence

Bibliography

DOI 10.1055/s-2006-932125 13
ISSN 0946-7211




al image, and possible local increase of temperature in the vicin-
ity to the tip of the device [10,11,13]. Therefore, we conducted
both a laboratory and a clinical study on the safety of the endo-
scope-controlled removal of the intrameatal vestibular schwan-
nomas.

Materials and Methods

Laboratory investigation

Endoscope-controlled microneurosurgical removal of an intra-
meatal vestibular schwannoma through a retrosigmoid ap-
proach was simulated on 2 formalin-fixed cadaver heads and 2
dry temporal bones. After craniotomy, which was done by a
high-speed dril, the rigid bayonet-style endoscope was inserted
into the CPA. Commercially available 19-cm and 23-cm long de-
vices with 0°,30°, and 70° angles of view, and outer diameters of
2.7 and 4 mm were tested consequently. Two sets of observations
were done: initially the endoscope connected with videocamera
and cold light source was manipulated freehand: thereafter all
manipulations were repeated while the device was fixed in the
“EndoArm”, a specially designed endoscope holder integrated
with a video system (Olympus Co., Tokyo, Japan) [16].

After observation of the CPA, the endoscope was removed and
drilling of the posterior wall of the IAC was done with its further
inspection by various types of endoscopes, which were manipu-
lated either freehand or were fixed in the “EndoArm” (Fig.1).
During observation of the CPA, opening of the IAC by a high-
speed drill, and its endoscopic inspection the thermographic
study were performed using a portable infrared camera TVS 100
ME (Nippon Avionics Inc,, Tokyo, Japan).

Clinical study

During 2004 and 2005, 33 consecutive patients underwent en-
doscope-controlled microneurosugical removal of intrameatal
vestibular schwannomas at the Department of Neurosurgery of
the Tokyo Women's Medical University. There were 23 women
and 10 men; mean age constituted 50+ 15 years. The tumor was
located on the left side in 16 cases, and on the right side in 17.
There were 31 initially diagnosed and 2 recurrent neoplasms.
Three schwannomas were purely intrameatal, 8 had limited ex-
tension into the CPA, 7 filled the CPA completely, but did not
show compression of the brain stem, and 15 caused more or less
prominent brain stem compression. Before surgery 31 patients
had either normal, or nearly normal facial nerve function
(House-Brackmann grade 1-2 [17]), and 16 patients had func-
tionally preserved hearing (Gardner-Robertson class I-11 {18]).

Fig.1 Neuroendoscopic view of the right
CPA during anatomic dissection: identifica-
tion of origin of the VIl and VIIi cranial
nerves from the brain stem (A), observation
of the cisternal portion of the nerves (B),
observation of the nerves after removal of
the posterior wall of the IAC (C), observa-
tion of the most lateral part of the IAC (D),
identification of the Bill’s bar and transverse
crest after removal of the nerves (E) and
complete removal of the soft tissues (F).
Marked: facial nerve (VHt), vestibulocochlear
nerve (VIil}, superior vestibular nerve (black
arrow), inferior vestibular nerve (white ar-
row), cochlear nerve (asterisk), Bill’s bar
(crest), and transverse crest (star).
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All procedures were planned as routine microneurosurgical op-
erations, so if necessary these could be completed without the
use of endoscope. General anesthesia, lateral oblique position of
the patient, standard retrosigmoid approach, motor and somato-
sensory evoked potentials, auditory brain response, facial nerve
monitoring, and cochlear nerve action potentials were used rou-
tinely, in the same way as described elsewhere [13,14,19,20].
After microsurgical intracapsular debulking of the tumor in the
CPA, the posterior wall of the IAC was removed by a high-speed
drill. Arigid endoscope fixed in the “EndoArm” was inserted into
the CPA under control through an operating microscope. Subse-
quent removal of the residual tumor from the CPA and IAC was
attained utilizing concurrently both microscope- and endo-
scope-controlled techniques with the use of routine microneuro-
surgical instruments. Regular irrigation of the wound by Ringer's
lactate solution was done during use of the endoscope.

Resuits

Laboratory investigation
The endoscopes with 0°,30°, and 70° angles of view were found
to be equally useful for observation of the CPA through the retro-
sigmoid approach. Inspection of the IAC seemed to be optimal
using the endoscope with a 70 ° angle of view and outer diameter
4 mm. The insertion of this device into the CPA and its position-
ing for visualization of the IAC were found to be difficult without
microscopic control. Both freehand fixation of the endoscope and
use of the “EndoArm” seemed to be equally suitable for inspec-
tion of the CPA and IAC. However, endoscope-controlled micro-
- surgical manipulations could not be effectively done without
use of the endoscope-holder system, which provided a stable po-
sition of the device and allowed bimanual manipulations by the
surgeon. During drilling of the posterior wall of the IAC a thermo-
graphic study revealed a prominent increase of the local tem-
perature. Alternatively, the presence of an endoscope connected
with a working cold light source in the CPA did not lead to signif-
icant changes of the local temperature (Fig. 2).

Clinical study

Use of the endoscope permitted removal of residual tumor from
the most lateral part of the IAC (Fig. 3). In all, total tumor removal
was done in 28 cases, subtotal removal in 3, and partial removal
in 2 cases. Anatomic preservation of the facial nerve was attained
in 31 cases. In one case the facial nerve was mechanically dam-
aged by the endoscope itself, which necessitated its direct sutur-
ing in the CPA. In 8 out of 16 patients, who showed serviceable
hearing preoperatively, this was preserved after tumor removal.
No one case of thermal injury to the cranial nerves, postoperative
CSF leak, or infection was observed. Histological examination re-

Fig.2 Thermographic study during simu-
lated endoscope-controlled procedure for
intrameatal tumor: the local temperature
dramatically increased during drilling of the
posterior wall of the IAC (A), but normalized
thereafter (B), and did not changed signifi-
cantly during the use of endoscope (C).

vealed typical schwannomas in all cases; mean MIB-1 index con-
stituted 2.3 +1.9%.

Final endoscopic inspection at the end of the procedure gives us
an opportunity to define the nerve of tumor origin, either defi-
nitely (in 18 cases), or most probably (in 14 cases). Schwannomas
arising from the superior vestibular and inferior vestibular
nerves were represented in 16 cases each (Figs.4 and 5). In one
case with partial tumor removal the nerve of tumor origin was
not defined. Its identification was found to be easier if dilatation
of the fundus of the IAC due to tumor growth was present. Mean-
while, no associations were found between the nerve of tumor
origin and age and gender of the patient, side and MIB-1 index
of the neoplasm, and the presence of useful hearing before sur-
gery.

Discussion

Modern neuroendoscopic devices, both rigid and flexible, pro-
vide a wide angle of view, superb illumination with a cold light,
and perfect depth of focus in combination with high magnifica-
tion. Their use during microsurgical procedures allows to reduce
the size of the craniotomy, to improve visualization in the opera-
tive field, and to look around important anatomic structures,
thus eliminating the need for extensive retraction [4,6,11-
13,21-23]. Furthermore, the development of “virtual endosco-
py” [24,25], which permits to simulate the surgical procedures
preoperatively, based on the data of neuroimaging, can signifi-
cantly increase the clinical efficacy of the technique in the future.

Fig.3 Endoscope-controlled removal of the intrameatal vestibular
schwannoma from the lateral part of the IAC.
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The advantages of the endoscopic inspection during microsurgi-
cal removal of vestibular schwannomas had been highlighted in
several previous reports [3-15]. These mainly include early
identification of the cranial nerves in the CPA, possibility of revi-
sion of the most lateral part of the IAC for the presence of the re-
sidual neoplasm, and visualization of the non-sealed petrous
bone air cells for prevention of postoperative CSF leak. With the
adjunct of endoscopy, tumors can be removed more completely,
with less morbidity, and the degree of their resection can be as-
sessed more precisely [3,7,10,13,23]. The length of drilling of the
posterior wall of the IAC can be reduced, and inadvertent open-
ing of the intraosseous endolymphatic sac and posterior semicir-
cular canal, which has a crucial importance in hearing-preserva-
tion vestibular schwannoma surgery, can be avoided [9-12]. The
technique may be useful for identification of the source of prob-
lematic bleeding during removal of the neoplasm [15]. Finally, as
was shown in the present series, use of the endoscope permits an
exact delineation of the nerve of tumor origin.

While endoscopic inspection during surgery for vestibular
schwannomas has obtained widespread acceptance, the advan-
tages of endoscope-controlled removal of these tumors are less
clear. Wackym et al. [13] and Magnan et al. {14} advocated use
of this technique for the dissection of the residual neoplasm
from the most lateral part of the IAC. Goksu et al. [10] reported
the results of such procedures in 8 patients with serviceable
hearing and small intrameatal vestibular schwannomas: total re-
moval, functional preservation of the facial nerve, and anatomic
preservation of the cochlear nerve was attained in all cases,
whereas useful hearing was preserved in four cases. In the pre-
sent series, which included a significant proportion of large tu-
mors, total removal of the neoplasm was attained in 85% of the
cases, anatomic preservation of the facial nerve in 94 % of cases,
and preservation of the serviceable hearing in 50% of those, who
showed its presence before surgery.

Our clinical results confirm that integration of éndbscope—con—
trolled removal of the intrameatal part of the tumor into micro-
neurosurgical excision of vestibular schwannomas is technically

Fig.4 Endoscope-controlled microneuro-
surgical removal of the right-sided vestibu-
lar schwannoma: view of the tumor in the
IAC after removal of its posterior wall (A)
and observation of the neoplasm originated
from the superior vestibular nerve in the
most lateral part of IAC (B and C). Marked:
facial nerve (VIi), cochlear nerve (asterisk),
and tumor (T).

Fig.5 Endoscope-controlled microneuro-
surgical removal of the left-sided vestibular
schwannoma: view of the tumor after
removal of the posterior wall of the IAC (A)
and endoscopic observation of the neo-
plasm originated from the inferior vestibular
nerve in the most lateral part of the IAC (B
and C). Marked: facial nerve (VIi), cochlear
nerve (asterisk), tumor (7), and electrode
for cochlear nerve action potentials (white
arrow).

feasible, effective, and safe. Nevertheless, several lessons have
been learnt. First, use of rigid endoscopes, which are usually re-
commended for endoscope-assisted skull base surgery {6,21,23],
may be complicated during endoscope-controiled procedures
due to nearly coaxial positions of the endoscopic device and mi-
croinstruments. This disadvantage can be overcome if bayonet-
style endoscopes and microinstruments are used. Second, sever-
al endoscopes should be available during surgery and used ac-
cording to the particular goals. While 0°, 30°, and 70° angles of
view endoscopes were found to be useful for manipulations in
the CPA, only the latter device was suitable for observation of
the [AC. Third, angled rigid endoscopes may be difficult to pass
in the operative wound without risk of inadvertent damage to
the neurovascular structures [5.6,23]. Mechanical injury of the
facial nerve by the endoscope was met once in the present series,
Therefore, we strongly recommend microscopic guidance during
insertion of the 70° angle of view device into the CPA.

There is known concern that prolonged use of endoscope can be
accompanied by an increase of the local temperature in the
vicinity to its tip followed by thermal injury to critical neurovas-
cular structures [11,13]. This was not, however, confirmed by the
conducted laboratory thermographic study. In fact, it was found
that local temperature in the CPA during the use of an endoscope
connected with a working light source, is much lower, compared
with those during removal of the posterior wall of the IAC by a
high-speed drill. Moreover, in no one case of our clinical series
the thermal injury to the cranial nerves was marked. Definitely,
the possibility of this complication may depend on the model of
the device, duration of its use, type of light source, and individual
sensitivity of the cranial nerves. However, in general, the risk of
thermal injury during use of the endoscope should not be con-
sidered too high, and regular irrigation of the wound by Ringer’s
lactate solution seems to serve as a sufficient preventive mea-
sure.

Intracranial neurcendoscopic procedures are usually performed
through a narrow corridor in the vicinity to important neurovas-
cular structures. While endoscopic inspection can be done by
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freehand fixation of the device, endoscope-controlled micro-
neurosurgical manipulations require its precise position, be-
cause monomanual surgical manipulations may be not only
non-effective, but even dangerous if an occasional shift of the en-
doscope occurs in the surgical wound [5,9-11,13,21~23]. This
necessitates the use of special holder, which can provide a stable
position of the device in the surgical wound and permits biman-
ual manipulations by the surgeon and assistant. Several such
systems are currently available. One of these is the “EndoArm”,
which was used in the present study, and can be suitable for en-
doscopic inspection, endoscope-assisted, and endoscope-con-
trolied microneurosurgery. It provides excellent maneuverability
within 6 degrees of freedom, smooth manipulations with avoid-
ance of strenuous maneuvers of the surgeon, accurate fixation in
any direction, and safe release, which result in a high level of
clinical safety of the device [16].

LORCINESION

Endoscopic inspection during surgery for vestibular schwanno-
mas allows early identification of the cranial nerves, revision of
the most lateral part of the IAC for presence of the residual neo-
plasm, delineation of the nerve of its origin, and visualization of
the non-sealed petrous bone air cells for prevention of post-
operative CSF leak. Endoscope-controlled microneurosurgical re-
moval of the intrameatal tumors is technically feasible, effective,
and safe, and permits to attain dissection of the neoplasm from
the most lateral part of the IAC. The risk of thermal injury to the
cranial nerves due to use of endoscopes seems to be low. Never-
theless, special training is absolutely necessary, because endo-
scopic procedures are accompanied by definite learning curve.
Availability of good equipment, including an endoscope-hoider
system, is also very important for attainment of optimal surgical
results.
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Cerebral Oxygen Metabolism and Neuronal Integrity in
Patients With Impaired Vasoreactivity Attributable to
Occlusive Carotid Artery Disease

Satoshi Kuroda, MD, PhD; Tohru Shiga, MD. PhD; Kiyohiro Houkin, MD. PhD;
Tatsuya Ishikawa, MD, PhD; Chietsugu Katoh, MD, PhD;
Nagara Tamaki, MD, PhD; Yoshinobu Iwasaki, MD, PhD

Background and Purpose—It is still unclear that impaired cerebrovascular reactivity (CVR) to acetazolamide is
comparable to elevated oxygen extraction fraction (OEF) on positron emission tomography (PET) in patients with
occlusive carotid diseases. Therefore, in this study, the authors aimed to clarify whether OEF is élevated in all patients
with reduced cerebral blood flow (CBF) and CVR (type 3) on single photon emission computed tomography (SPECT).
and. if not, to specify the underlying pathophysiology of type 3 but normal OEF.

Methods—This study included 46 patients who had decreased CBF and CVR on N-isopropyl-p-"*I-iodoamphetaniine
SPECT in the ipsilateral middle cerebral artery area attributable to occlusive carotid diseases. Hemodynamic and
metabolism parameters were determined in all patients by *O-gas PET, and neuronal integrity was evaluated in 19

patients using ''C-flumazenil (FMZ) PET.

Results—OEF was significantly elevated in 20 (43.5%) of 46 type 3 patients. Another 26 type 3 patients had normal OEF.
Regression analysis showed that OEF significantly correlated with cerebral metabolic rate for oxygen and "C-FMZ
binding potential but not with other parameters. Subcortical infarction had no significant effect on OEF values.

Conclusions—The results strongly suggest that type 3 patients with reduced CBF and CVR may be divided into 2
pathophysiologically different subgroups: misery perfusion attributable to hemodynamic compromise and matched
hypometabolism attributable to incomplete infarction. Type 3 but normal OEF may represent a transition stage from
misery perfusion to matched hypometabolism. (Stroke. 2006;37:393-398.)
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here is increasing evidence that hemodynamically com-
promised patients with internal carotid artery (ICA)
occlusion are at higher risk for subsequent ischemic stroke.
Over these 20 vyears, an elevated oxygen extraction fraction
(OEF) determined by positron emission tomography (PET) has

been believed to represent critical reduction of cerebral perfusion

pressure, named as “misery perfusion” or “stage IL.”)2 Recent
statistical analyses have proven that an elevated OEF can be
an independent risk factor for subsequent ischemic stroke in
patients with occlusive carotid artery disease.>-$
Alternatively, cerebrovascular reactivity (CVR) to CO, or
acetazolamide has also been used to assess cerebral perfusion
reserve in patients with occlusive carotid diseases because
single photon emission computed tomography (SPECT) or
cold xenon ~computed tomography (CT) is more widely
available and can be done at lower costs than PET. Recent
studies have proven that quantitative measurements of cere-
bral blood flow (CBF) and CVR can also be a predictor for

subsequent ischemic stroke in .patients with ICA or middle

cerebral artery (MCA) occlusion. Thus, Kuroda et al (2001)

reported that relative risk conferred by reduced CBF and

CVR (type 3) was 8.0 (95% CI, 1.9 to 34.4) for ipsilateral

stroke.® Subsequently, Ogasawara et al also reported similar

results.” Based on these observations, SPECT has been

expected to identify misery perfusion or stage 11 more easily
than PET if CVR is comparable to OEF.#

However, it is still controversial whether impaired CVR is
directly linked to OEF elevation in patients with occlusive
carotid artery diseases or not. Thus, previous studies have
reported a significant correlation between OEF and CVR to
acetazolamide or CO,.°~* However, the number of patients
included in these studies was not so large, and their hemo-
dynamic and metabolic parameters varied widely among the
subjects. On the other hand, recent study has shown that
==40% of patients with reduced CVR have normal OEF when
both parameters are evaluated in each patient.'s The issue is
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quite important because there may be a significant difference
in sensitivity for detecting the patients at higher risk for
subsequent stroke between CVR and OEF.

On the other hand, "“C-flumazenil (FMZ) PET has been
accepted as a noninvasive, variable tool to investigate neuro-
nal integrity because FMZ is a specific ligand to the central
type of benzodiazepine receptors that are exclusively local-
ized in the neurons. Recent studies have shown that "'C-FMZ
PET can detect ischemia-induced selective neuronal necrosis
that is not visible on either CT or MRI. 1617

Therefore, in this study, the aathors aimed to clarify
whether OEF is elevated in all patients who are diagnosed as
type 3 on SPECT, and. if not, to specify the underlying
pathophysiology of normal OEF in spite of type 3. For this
purpose, the authors measured the parameters for oxygen
metabolism and for neuronal integrity in type 3 patients with
occlusive. using “O-gas and ''C-FMZ PET, respectively.

Subjects and Methods

Patients

The present study included a total of 46 patients who were admitied
to our hospital between January 1999 and December 2004. All of
them met the following criteria: (1) severe stenosis (>90%) or
occlusion of the ipsilateral ITCA or MCA; (2) no or, if any, small
infarction on MRT; and (3) reduced CBF and CVR ¢ acetazol-
amide in the ipsilateral MCA territory on ['*T]N-isopropyl-p-
iodoamphetamine (F'1-IMP) SPECT (see below). There were 36
men and 10 women with a mean age of 68.2 years (range 48 to 79
years). Their clinical symptoms included transient ischemic attack or
amaurosis fugax in 18 patients and minor completed stroke (Rankin
score 1 or 2) in 25. The other 3 patients were asymptomatic. Digital
subtraction angiography showed ICA occlusion in 27 patients, ICA
severe stenosis in 8, MCA occlusion in 5. and MCA severe stenosis

in 6. All studies were performed =4 weeks after the last ischemic

episode because the studies in an earlier period might affect the
correct interpretation of the data.'®

SPECT Measurements

All patients were scanned with a (riple-head y camera (GCA-9300/DI,;
Toshiba) to determine CBF and CVR to acetazolamide, as described
previously. ¢ Briefly, quantitative blood flow was determined by using
the "I-IMP injection and single-scan autoradiographic technique, CBF
was quantitatively measured before and 15 minutes after intravenous
injection of 10 mg/kg acetazolamide on the separate days with an
interval of 2 to 3 days. To evaluate cerebral hemodynamics, 10-mm
diameter circular regions of interest (ROIs) were symmetrically placed
in the ipsilateral and contralateral MCA temitories. As described
previously, &89 CVR to acetazolamide was quantitatively calcu-
Tated as: CVR (%)= [00X(CBF,¢,—CBF,..J/CBF,,. where CBF_,
and CBF,, represent CBF before and after intravenous injection of
acetazolamide, respectively. Normal control values of CBF
(meantSD=38.1%35.4 mL/min per 100 g) and CVR (30.0£8.0%) in

the MCA territory were obtained from 10 normal volunteers free of
cerebrovascular disease. The values were rated as reduced when any
of them were less than mean—2 SD. Thus, in the current study,
patients were judged as type 3 when CBF was <27 mL/min per
100 g and CVR was <1416

PET Measurements

All patients were scanned with ECAT EXACT HR+ (Siemens)
as described previously.'s The intervals between SPECT and
PET measurements were within 2 weeks. One-minute inhalation of
BO-CO (2 GBg/min) followed by 3-minute static scanning and
3-time arterial blood sampling were performed to measure cerebral
blood volume (CBV). After 15-minute inhalation of “0-0, (0.5
GBg/min), a steady-state O, image was scanned and 3-time arterial
blood sampling was performed for 5 minutes to measure QOEF and
cerebral metabolic rate for oxygen (CMRO.). Finally. to deterniine
CBF, steady-state CO, image was scanned and 3-time arterial blood
sampling was performed for 5 minutes after [3-minute inhalation of
#0-C0O, (0.5 GBg/min). Normal PET values were obtained from
10 volunteers: CBF, 444 mL/min per 100 g: CMRQO.. 3.3+0.6
mbL/min per 100 g; CBV, 3.720.7 ml/min, and OEF. 0.43:£0.05
(mean=SD). Each PET parameter was obtained using 10-mm
diameter circular ROIs. The values were rated as decreased when
any of them were less than mean—2 SD and rated as increased when
any of them were more than mean+2 SD.

The dynamic FMZ PET was studied in 19 of 46 patients at the
same time that *O-gas PET was performed, as reported previously.'s
Briefly, the injected dose of 'C-FMZ was 370 MBq for each patient.
The binding potential (BP) images were calculated pixel by pixel
using the reference tissue model.20

Data Analysis

To evaluate various parameters obtained from '**I.IMP SPECT,
"*0-gas PET, and "C-FMZ PET, the SPECT and PET images were
automatically coregistered to axial TI-weighted MRI images. The
SPECT, PET, and MRI images were registered using fully automatic
multimodality image registration algorithm on Unix-based worksta-
tion (Indigo 2: SGI Inc.).2!

All data were expressed as mean =SD. The data between 2 groups
were compared by use of x* test or paired ¢ test as appropriale.
Differences with a P value of <0.05 were considered statistically
significant.

Results

'*0 PET Parameters
CBF, CBV, CMRO,, and OFEF in type 3 patients are shown
in the Table. There were significant differences in CBF,
CMRO,, and OEF between the ipsilateral and contralateral
MCA areas. However, there was no sigunificant difference in
CBYV between them.

Relationships between OEF and other PET parameters were
analyzed in the ipsilateral hemispheres (Figure 1). There was no
significant correlation between OEF and CBF (R°=0.001;

Quantitative Data of Hemodynamic and Metabolic Parameters in the Ipsilateral and

Contiralateral MCA Areas in Type 3 Patients

Type 3 Patients

Ipsilateral MCA Area Contralateral MCA Area Significance Control Value
n 46 46 10
CBF, mL/100 g/min 248+45 31.9+6.3 P<20.0001 44.0+4.0
0BV, mL/100 g 4.2::1.1 3811 NS 3.70::0.70
CMRO,, mL/100 g/min 1.98::0.48 2.27+0.48 P=0.0045 3.30+0.60
OEF 0.460.09 0.40£0.05 P<20.0001 0.43+0.05
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Figure 1. Regression analysis of the relationships between OEF and CBF (A), CBV (B), MTT (C), or CMRO, (D) in 46 type 3 patients.

P=0.841), between OEF and CBV (R*=0.041; P=0.1794), or
between OEF and mean transit time (MTT; R*=0.023;
P=0.3169). On the other hand, there was significant, positive
correlation between OEF and CMRO, (R*=0.081; P=0.006).

Then the values of OEF, CMRO,, and CBV were evaluated
in each patient. Although OEF was significantly higher in the
ipsilateral MCA area than in the contralateral side, OEF was
significantly elevated in only 20 (43.5%) of 46 patients. OEF
was kept within normal limits in the other 26 patients (Figure 2).

CMRO, was significantly higher in patients with elevated
OEF than in those with normal OEF: 2.26%041 and
1.78£0.42 mL/100 g per minute. respectively (P=0.0002;
Figure 3). Of 20 patients with elevated OEF, 14 (70%) had
normal CMRO, and the other 6 (30%) had decreased CMRO,
(<2.1 mL/100 g per minute). On the other hand, of 26
patients with normal OEF, 7 (26.9%) had normal CMRO, and
the other 19 (73.1%) had decreased CMROQO,. Thus, normal
CMRO, was more frequently observed in patients with
elevated OEF than in those with normal OEF (P=0.0032;
Figure 3).

There was no significant difference in CBV between
patients with elevated OEF and with normal OEF: 4411
and 4.0%1.1 mL/100 g, respectively (P=0.2357; Figure 3).
However, of 20 patients with elevated OEF, 9 (45%) had
increased CBV. Of 26 patients with normal OEF, only 4

(15.4%) had increased CBV. As the result, increased CBY
was more frequently denoted in patients with elevated OEF
than in those with normal OFF (P=0.0264; Figure 3).

NC-FMZ Binding Potential

To evaluate the neuronal integrity in patients with type 3
ischemia, '"C-FMZ PET was performed in 19 (41.3%) of 46
patients. The relationships between the ratio of the ipsilateral
to contralateral "'C-FMZ BP and metabolic parameters were
analyzed. There was a significant, positive correlation be-
tween the ratio and OEF (R*=0.507; P=0.0006; Figure 4).
The ratio also significantly correlated with CMRO, (R*=
0.324; P=0.011).

MRI

Using T2-weighted MR, the localization of cerebral infarc-
tion was evaluated to clarify its effects on cerebral oxygen
metabolism and neuronal integrity. Subcortical infarction in
the ipsilateral hemisphere was found in 7 of 20 patients with
elevated OEF and in 16 of 26 patients with normal OEFE.
There was no significant effect of subcortical infarction on
OEF value in type 3 patients (x* test P=0.0743).

Discussion
The present results revealed that hemodynamic and metabolic
parameters in type 3 patients are not uniform, and that they
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Figure 2. Plot of OEF values in the ipsilateral and contralateral
hemisphere of type 3 patients. Dotted line indicates the upper
limit of normal OEF value.

can be largely classified into 2 subgroups according to OEF
value. OEF was significantly elevated in =~40% of type 3
patients and was within normal limits in the others, indicating
that type 3 is not always identical to misery perfusion or stage IL
CMRO, was significantly higher in patients with elevated
OEF than in those with normal OEF (Figure 3A) and
significantly correlated with OEF (Figure 1D). Therefore,
OEF may depend on the metabolic demand in the ischemic
tissue.

As the next step, "C-FMZ BP and the localization of
cerebral infarction were evaluated to specify the underlying
pathophysiology of CMRO, reduction in the area with type 3
but normal OEF. Subcortical infarction in the ipsilateral
hemisphere was not directly related to type 3 but normal
OEF, although previous reports suggested its involvement. '
However, there was a significant correlation between OEF
and the ""C-FMZ BP in type 3 patients. Because y-amino-
butyric acid receptors are abundant in the cortex and sensitive
to ischemic damage, the specific ligand to their subunits, the
central type of benzodiazepine receptors, has been used as a
marker of preserved morphological integrity. Garcia et al
emphasized the importance of selective neuronal necrosis
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Figure 4. Regression analysis of the relationship between OEF
and the BP for ""C-FMZ in 19 type 3 patients.

(incomplete infarction) in human stroke as a pathologic
entity.'” Recently, the authors demonstrated that CMRO, and
"C-FMZ BP were reduced to =80% of the contralateral side,
but there was no significant side-to-side difference in CBV
and OEF in patients with reduced CBF and normal CVR
(type 4) and concluded that type 4 represents oxygen hypo-
metabolism attributable to ischernia-related selective neuro-
nal damage.'s Previous studies have shown that the patients
with type 4 may not be at high risk for subsequent stroke
when medically treated.®'* The PET parameters in patients
with type 3 ischemia but normal OEF are quite similar to
those in the patients with type 4.

Based on these observations, type 3 may include 2 patho-
physiologically different conditions: misery perfusion (or
stage 1l ischemia) attributable to hemodynamic compromise,
and matched hypometabolism attributable to incomplete in-
farction. Although the authors have simply graded cerebral
hemodynamics of the patients with occlusive carotid artery
diseases into 4 types, type 3 should be subdivided into “true
type 3,” with elevated OEF, and “type 3.5.” with normal
OEF, in discussing their pathophysiology and long-term
prognosis. It is obscure why CVR is impaired in patients with
type 3 but normal OEF. As Yamauchi et al pointed out, such

Figure 3. Plots of ipsilateral values of
CMRO; (A) and GBV (B) in patients with

]
34 ‘ .06 1
©
2.5 8 0.05 1
" a4 0.04 ,
151 .03
| Q.02
0.5 1 .01

elevated and normal QEF. Dotted lines
indicate the lower limit of normal CMRO,
value (A} and the upper limit of normal
CBV value (B).

] 0
clevated OEF normal QEF

elevated OEF

—337-

normat QEF



Kuroda et al

patients may have complex hemodynamic and metabolic
changes in response to both reduced perfusion pressure and
ischemic tissue damage.'

Present results mirror previous descriptions, that is, using
"xenon inhalation method and SPECT, the authors divided
32 patients with ICA occlusion into 4 types and serially
measured CBF and CVR after superficial temporal artery to
MCA anastomosis. Seven patients were diagnosed as having
type 3 before surgery. The CVR normalized in all type 3
patients, suggesting postoperative improvement of cerebral
perfusion reserve. But CBF returned to normal range in 3
(42.8%) of 7 type 3 patients. As the resuit, SPECT parameters
altered from type 3 to type 4 in other 4 patients.!® Further-
more, they recently assessed long-term prognosis of 77
patients who were medically treated because of ICA or MCA
occlusion. Of 11 type 3 patients, 4 (36.4%) developed
ipsilateral ischemic stroke during follow-up periods.5 The
present results may explain these varieties in type 3 patients.

However. as recent studies have clarified, hemodynamic
and metabolic responses to reduced perfusion pressure are not
so simple. Patients with “classic” misery perfusion (elevated
OEF and CBYV) are at highest risk for subsequent stroke.??
However. CBV changes widely vary in patients with occlu-
sive carotid artery disease. This study also showed that CBV
widely varied in spite of OEF values. Further studies would
clarify the CBV responses to chronic cerebral ischemia more
precisely.

This study showed that type 3 is not equal to misery
perfusion. However, SPECT and acetazolamide test are still
useful modalities because they can simply select the patients
at higher risk for subsequent ischemic stroke at lower costs
than PET, as described previously.®” Thus, it is very valuable
to establish the methodology to detect misery perfusion more
efficiently with the use of SPECT because PET is not widely
available. Based on a significant linear correlation between
OEF and ""C-FMZ BP in this study, the authors propose to
evaluate whether '"I-iomazenil (IMZ) SPECT can detect
misery perfusion or stage IT ischemia in type 3 patients more
efficiently. "2I-IMZ is an alternative benzodiazepine receptor
ligand for SPECT and has been reported that a reduction of its
binding reflects oxidative hypometabolism caused by neuro-
nal damage in hemodynamically impaired areas in patients
with cerebrovascular disease.?*-2% Therefore, SPECT may be
able to identify the patients with misery perfusion by mea-
suring CVR and '*I.IMZ binding, if the results on '"*I-IMZ
SPECT are comparable to those on "C-FMZ PET in patients
with occlusive carotid artery diseases.

Conclusion

Previous studies have shown that type 3 (reduced CBF and
CVR) as well as elevated OEF is statistically independent
predictors for subsequent stroke in patients with occlusive
carotid artery diseases.>+¢2¢ However, this study clearly
showed that OEF was elevated in ==40% of patients with
reduced CBF and CVR (type 3). Significant, positive linear
relationships were observed between OEF and CMRO. and
between OEF and '"C-FMZ BP. Type 3 may include 2
pathophysiologically different conditions: misery perfusion
(or stage TI) attributable to hemodynamic compromise and

OEF and "C-Flumazenil in Type 3 Ischemia 397

matched hypometabolism attributable to incomplete infarc-
tion. Further studies would be necessary to define the SPECT
parameter to select the patients at higher risk for subsequent
stroke more specifically.
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