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Fushimietal

2500 T

2000 +

1560 -+

1000 -+

500 +

Totals of cross-sectional areas for moyamoya vessels

15T 30T
Figure 5:  Graph shows the cross-sectional
area of moyamoya vessels. The total cross-sec-
tional areas for moyamoya vessels at the same
level of MR angiography source images were cal-
culated semiautomatically and compared between
3.0-and 1.5-T MR systems. Larger cross-sec-
tional areas were visualized with 3.0-T imaging
than with 1.5-Timaging. The total cross-sectional
areais givenas pixels.

our study demonstrated the advantages
of 3.0-T imaging over 1.5-T imaging for
follow-up evaluation. Although 3.0-T
imaging may indeed prove advanta-
geous in the diagnosis of moyamoya dis-
ease, larger numbers of preoperative
patients should be studied in the future.
In preoperative treatment planning,
conventional angiography would be re-
quired because it can provide more de-
tailed information about moyamoya ves-
sels and other major vessels than does
3.0-T MR angiography; thus, compara-
tive studies between 3.0-T MR angiog-
raphy and conventional angiography
may be needed in the future. We did not
evaluate stenosis or dilatation of ICAs,
anterior cerebral arteries, and MCAs
because most patients had undergone

conventional angiography several years
before the MR examinations, which
made it difficult for us to verify the find-
ings with use of a reference standard.
This is another limitation. In our study,
visualization of STA-MCA bypass was
not evaluated because aliasing artifacts
affected STA-MCA bypass in some pa-
tients, STA-MCA bypass sites were not
included in the fields of view in all pa-
tients, and most patients had undergone
postoperative angiography several years
before the MR examinations. Further
studies may be needed to evaluate the
findings of MR angiography in cases of
STA-MCA bypass. Although the readers
were blinded to the field strength of MR
angiographic images, there were some
differences in image quality of moya-
moya vessels between 3.0- and 1.5-T
images. It is possible that the readers
were influenced by these differences.

In conclusion, moyamoya vessels
are better depicted at 3.0-T 3D TOF MR
angiography than at 1.53-T 3D TOF MR
angiography. Radiologists must be
aware of the differences, especially
when patients undergo follow-up MR
angiography with both 3.0- and 1.5-T
MR systems.
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NEUROSURGERY

ISCHEMIA-REPERFUSION INJURY IN RATS

OBJECTIVE: This study aimed to examine early effects of ex vivo-expanded bone
marrow-derived endothelial' progenitor cells (EPCs) on focal cerebral ischemia-
reperfusion injury.

METHODS: EPCs were obtained from mononuclear cells of autologous bone marrow of
a rat. After culture on fibronectin-coated dishes for 10 to 14 days, 2.5 X 107 cells of EPCs
were administered transarterially after 90 minute occlusion of the middle cerebral artery.

RESULTS: Administration of EPCs significantly reduced both the infarct volume and the
scores of neurological deficits at 24 and 48 hours. EPCs administered 2 hours after
insult did not reduce infarct volume, but attenuated neurological deficits at 24 hours.
Administration of EPCs significantly reduced the number of myeloperoxidase-
immunoreactive cells in the ischemic lesion at 24 hours and increased regional
cortical blood flow at 48 hours. EPCs were observed in the ischemic hemisphere and
around the endothelial layer of the pial arteries. Most of them expressed endothelial
nitric oxide synthase. ‘

CONCLUSION: Administration of ex vivo-expanded bone marrow-derived EPCs re-
duced infarct volume and neurological deficits in acute focal brain ischemia-
reperfusion injury caused, at least in part, by attenuation of endothelial dysfunction.

KEY WORDS: Cerebral infarction, Endothelial dysfunction, Endothelial progenitor cells
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first discovered in the leukocyte fraction

of human peripheral blood that ex-
pressed CD34 on the cell surface (2). EPCs can
be isolated from umbilical cord blood, periph-
eral blood, or bone marrow (BM) (3, 5, 19, 26).
Mobilization of EPCs from BM to peripheral
blood is enhanced in pathological conditions
such as tissue ischemia, wound healing, and
focal cerebral ischemia for promoting local an-
giogenesis (1, 2, 34, 37). Local injection of ex
vivo-expanded EPCs can reduce hind limb
ischemia and myocardial infarction (19, 20).
Beneficial effects of EPCs on focal cerebral
ischemia in the chronic stage were reported
(37), but early effects have not been fully clar-
ified. In this study, we focused on the early
effects of transarterial administration of ex
vivo-expanded BM-derived EPCs on focal ce-
rebral ischemia-reperfusion injury.

Endothelial progenitor cells (EPCs) were
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METHODS

Animals

All procedures were performed in accor-
dance with the guidelines of the Animal Re-
search Committee of Kyoto University Grad-
uate School of Medicine. Male Sprague-
Dawley rats weighing 280 to 300 g (age, 8-10
wk) were obtained from Shimizu Laboratory
Supplies Co., Ltd. (Kyoto, Japan).

Preparation of BM-derived EPCs

EPCs were obtained from autologous BM of
rats (22). BM was aspirated from the shaft of
the femur under general anesthesia with halo-
thane. Mononuclear cell fractions were iso-
lated by centrifugation with Ficoll-Paque den-
sity gradient (Pharmacia, Uppsala, Sweden)
(19, 26). Cells were resuspended in endothelial
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cell (EC) basal medium-2 (Cambrex Corp., East Rutherford,
NJ) plus microvascular endothelial cell medium-2 SingleQuots
containing 5% fetal bovine serum, human vascular endothelial
growth factor (VEGEF)-1, human fibroblast growth factor-2,
human epidermal growth factor, insulin-like growth factor
(IGF)-1, and ascorbic acid and cultured on a fibronectin-coated
dish (Biocoat, Fort Washington, PA) at 37°C under 5% carbon
dioxide. On Day 4, nonadherent cells were removed, and
adherent cells were cultured and maintained 6 to 10 more
days.

Cellular Staining

On Day 10, cultured cells were incubated with 1,1’-dioctadecyl-
3,3,3" 3"-tetramethylindocarbocyanine-labeled  acetylated  low-
density lipoprotein (acLDL) (1:200; Molecular Probes, Eugene, OR)
at 37°C for 4 hours and fixed with 4% phosphate-buffered parafor-
maldehyde (PBPA) for 10 minutes. Later, they were reacted with
fluorescein isothiocyanate-conjugated Bandeiraea simplicifolia isolec-
tin B4 (Sigma-Aldrich, St. Louis, MO) or with mouse monoclonal
antibodies against von Willebrand Factor (vWF) (DAKO, Glostrup,
Denmark) at 37°C for 4 hours (35).

Immunoblotting

Immunoblotting with rabbit polyclonal antibodies against
Flk-1 (NeoMarkers, Fremont, CA), Tie-2 (Sigma-Aldrich), goat
polyclonal antibody against intracellular adhesion molecule
(ICAM)-1(Sigma-Aldrich), mouse monoclonal antibodies
against vWF (DAKO), or a-tubulin (Sigma-Aldrich) was per-
formed on the cells on Day 10, and with human microvascular
ECs (Cambrex) and human aortic smooth muscle cells (Cam-
brex), as previously reported (18).

Transient Middle Cerebral Artery Occlusion of Rats
and Transarterial Administration of EPCs

Methods for the preparation of a rat middle cerebral
artery (MCA) occlusion model were described in our pre-
vious reports (4, 13, 14, 27, 30, 31, 32, 33). In the preliminary
experiments, physiological parameters, including blood
pressure and blood gas data, had been stabilized in the
model to make the infarct volume stable and reproductive
(4). Some modifications were added to a thread for arterial
occlusion (23, 24). The thread consisted of a nylon monofil-
ament and a polyethylene tube. Thirty-eight millimeters of
3-0 nylon monofilament was passed through a 15-mm poly-
ethylene tube (inner diameter, 0.28 mm; outer diameter,
0.61 mm) (Natume, Tokyo, Japan). Both tails of the mono-
filament and the tube were fixed to each other with silicone
(Heraeus Kulzer, Hanau, Germany). Thus, the tip of the
thread consisted of a bare nylon monofilament (Fig. 1G).
After surgical exposure and temporary occlusion of the
common carotid artery and the internal carotid artery
(ICA), the tip of the thread was navigated into the ICA
through the external carotid artery (length, 19 mm). When
the tip of the thread reached the top of the ICA, the tube
was also introduced into the ICA proximal to the pterygo-
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FIGURE 1. Molecular characterization of EPCs and rat MCA occlusion
model. Cells cultured for 10 days showed a typical cobblestone appearance
(A) and expressed vWF (B). C, immunoblottings demonstrating vWF,
Tie-2, Flk-1, and o-tubulin expression, but not ICAM-1. They incorpo-
rated  1,1"-dioctadecyl-3,3,3',3'-tetramethylindocarbocyanine-acLDL (D)
and bound to fluorescein isothiocyanate-labeled lectin (E) and (F), merged.
Scale bars = 100 um (B) and 50 um (D-F). G, the thread for MCA
occlusion was provided as a 38-mm 3~0 nylon monofilament passing
through a 15-mm polyethylene tube (inner diameter, 0.28 mm; outer digm-
eter, 0.61 mm) with its tail fixed to itself by silicone. The infarct lesion
was defined as sparing site from 2,3,5-triphenyltetrazolium chloride stain-
ing. Representative photographs of lesion at 48 hours in control (H) and
EPC (1) groups.

palatine artery (Fig. 1G). After 90-minute occlusion, only the
nylon filament was withdrawn, and the tube remained
within the ICA. Autologous EPCs on Day 10 of 2.5 X 10°
suspended in 0.3 ml phosphate-buffered saline (PBS (-))
were injected into the ICA through the tube in 60 seconds.
In the delayed group, EPCs were injected 2 hours after the
reperfusion. The filament was completely withdrawn, and
the stump of the external carotid artery was clipped for 2
hours without heparin. After that, only the tube was intro-
duced into the ICA. After discontinuation of halothane, the
rats recovered spontaneously. In the control rats, 0.3 ml PBS
(-) or A10 (embryonic thoracic aorta, smooth muscle, DB1X

www.neurosurgery-gnline.com
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rat) (Dainippon Pharmaceutical Co., Ltd., Osaka, Japan)
was injected. During the entire procedure, the rectal tem-
perature was kept between 36.5 and 37.0°C with a heating
pad.

Evaluation of Infarct Volume

Rats were deeply anesthetized with diethyl ether for 3
minutes at 24 or 48 hours. After decapitation, brains were
quickly extracted, and coronal sections (thickness, 2 mm) were
immersed in a 2% solution of 2,3,5-triphenyltetrazolium chlo-
ride (Sigma-Aldrich) in PBS (-) at 37°C for 30 minutes (28).
They were digitally photographed, and the infarct volume
was calculated using SCION imager (Scion Corp., Frederick,
MD) (10). Infarct volume was expressed as the ratio of it to the
volume of contralateral hemisphere in the same individual.

Evaluation of Neurological Deficits

Motor function was evaluated at 24 or 48 hours with a
walking trial on the rotating spindle of a Rota rod (Muroma-
chi, Tokyo, Japan) (23). Rats were preconditioned to walk on
the spindle at a constant speed of 2, 4, 6, and 8 revolutions per
minute (rpm) until they were able to stay on it for 120 seconds.
Thereafter, the rotating speed was set to increase to 40 rpm in
300 seconds, and the rpm at the time of falling was defined as
the function score (12).

Immunohistochemical Analysis of In Vivo Distribution
of EPCs

Adenoviral vector for expression of green fluorescent pro-
tein (GFP, 4 X 107 PFU/ml, 2 multiplicity of infection) was
transfected to EPCs on Day 8 (11) and administered to MCA
occlusion or sham-operated rats 2 days after transfection. Ex-
tensive expression of GFP on EPCs between 24 to 72 hours
later was confirmed in vitro (data not shown). Rats were
perfused with PBS (-) and 4% PBPA under deep anesthesia at
24 and 48 hours and fixed with 4% PBPA for 24 hours and 0.5
mol/L sucrose for another 24 hours. Frozen coronal sections
(thickness, 10 wm) from the center of the ischemic lesion at the
level of the anterior commissure (interaural, 8.2 mm; bregma,
0.8 mm) were embedded in optimal cutting temperature com-
pound (Sakura Finetechnical, Tokyo, Japan) and stained with
mouse monoclonal antibodies against vWF (DAKO) or
a-smooth muscle actin (NeoMarkers). The relationships be-
tween EPCs and ICAM-1, VEGF, eNOS, and IGF-1 were ex-
amined in the paraffin-embedded 10-um thick sections. After
deparaffinization (xylen, 10 min; absolute alcohol, 10 min; 95%
alcohol, 3 min; 70% alcohol, 3 min), they were stained with
rabbit polyclonal and mouse monoclonal antibodies against
GFP (Molecular Probes) and mouse monoclonal antibodies
against [CAM-1 (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA), rabbit polyclonal antibodies against VEGF and eNOS
(Lab Vision, Fremont, CA) ,and mouse monoclonal antibody
against IGF-1 (Upstate, Charlottesville, VA). Then, they were
reacted with goat antimouse monoclonal or rabbit polyclonal
antibodies conjugating Alexa Fluor Dye (Molecular Probes) of
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each spectrum 488, 546, and 647. The confocal laser scanning
microscope (Fluoview, FV300, Olympus, Japan) was used in
this study.

Measurement of Regional Cerebral Cortical Blood Flow

Regional cerebral cortical blood flow (rCoBF) at the same
point of the brain surface was measured as previously re-
ported, with modification (7). The dural surface in the right
parietal cortex located at 2 mm lateral and 1 mm caudal to
bregma (Fig. 3A) was surgically exposed under halothane,
which was considered MCA territory around the ischemic
core (24). A laser Doppler flowmeter probe (Flo-C1, Omega-
wave, Tokyo, Japan) was placed and fixed tightly with resin.
On that day, transient MCA occlusion and EPC administration
were performed. rCoBF was measured sequentially just before
insult and at 24 and 48 hours under halothane (8, 33). The

%o fntarct volume
¥, infarct vatuma

23hrs A8ty 24t A8ty
Control EpC

24ty 48he 236y 48he
Caontrot EPC

FIGURE 2. Bar graphs showing

the infarct volume, motor func- E
tion, and rCoBF. A, the infarct a0
volume of the control was signif- 7o
icantly higher than those of the b4
EPC group at both 24 and 48 —~ ©
hours. Neither the infarct vol- G

ume of the A10 group nor that @
of the delayed EPC group was
different from that of the PBS group 24 hours. B, only the early EPC
group showed significant decrement. C, the motor function scores of
the EPC group were significantly higher than the control both at 24
and 48 hours. D, both the early and delayed EPC groups showed sig-
nificant improvement at 24 hours after ischemia in comparison with
the A10 and PBS groups. E, rCoBF was significantly higher in the
EPC group than in the control at 48 hours. Single asterisk, P <
0.05; double asterisk, P < 0.01.

2Whr S8hr Rahr 28
Contral EPC
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win (E-G), 500 wm (H), 50 pm (1—K).

rectal temperature was kept between 36.5 and 37.0°C. Its
change was expressed as the ratio to the preoperative value.

Infiltration of Myeloperoxidase-immunoreactive Cells

Rats were perfused with PBS (-) and 4% PBPA under deep
anesthesia at 24 hours. A 10-um thick frozen coronal section
from the center of the ischemic lesion at the level of the
anterior commissure was stained with polyclonal rabbit anti-
human myeloperoxidase (MPO) antibody (DAKQO) to count
the number of inflammatory neutrophils. The density of MPO-
immunoreactive cells throughout the whole infarct region was
expressed by the number counted at X400 magnification per
infarct area (cells/mm?).

Statistical Analysis

Data were expressed as mean and standard deviations for
the given number of animals and statistically evaluated using
the unpaired Student’s f test. Differences were accepted as
being significant at a P value less than 0.05.
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FIGURE 3. Distribution of administrated EPCs. rCoBF was measured at 2 mm lateral and 1
min caudal to the bregma. A, immunohistochemical evaluation was performed in the symmetrical
regions of the lateral cortex, including the infarct and noninfarct regions, at 24 hours. B, EPCs
expressing GFP were mainly distributed in the ischemic hemisphere. Although few cells express-
ing GFP were observed in the contralateral hemisphere (B, lower magnification; D, higher
magnification), many of them were widely observed in the brain parenchyma of the ischemic side
(B, lower magnification; C, higher magnification) with expression of yWF at 24 hours (F and G,
merged). H, EPCs were also distributed in the inner layers of many arteries in the ischemic lesion.
They were located medial to the smooth muscle layer (1), which was demonstrated by staining with
a-simooth muscle actin (] and K are merged). Scale bars = 2 mm (B), 200 wm (C and D), 100

RESULTS

Molecular Characteristics of BM-derived
EPCs

BM-derived mononuclear cells showed a cobble-
stone appearance similar to ECs (Fig. 1A) with expres-
sion of vWF (Fig. 1B). Immunoblotting revealed ex-
pression of Tie-2, Flk-1, and vWF, which are
specifically expressed in ECs. However, they did not
express ICAM-1 (Fig. 1C). They endocyted 1,1-
dioctadecyl-3,3,3’,3'-tetramethylindocarbocyanine-
labeled acL.DL (Fig. 1D) and were bound to fluorescein
isothiocyanate-labeled isolectin B4, which is a murine-
specific surface marker of ECs (Fig. 1, E and F) (19).

Infarct Volume

Ninety-minute occlusion of MCA induced a
large cerebral infarct, including the whole caudo-
putamen and part of the lateral cortex. The infarct
volume of the PBS group (Fig. 1H) and the EPC
group (Fig. 1I) was 41.3 = 10.5% (n = 9) and 28.7
+ 13.8% (n = 8), respectively, at 24 hours. The
volume of each group at 48 hours was 514 *
12.2% (n = 9) and 35.1 = 16.7% (n = 8), respec-
tively. The infarct volumes both at 24 and 48 hours
were significantly lower in the EPC group than in
the control (P < 0.05) (Fig. 2A). The infarct volume
at 24 hours of the Al0 transplanted and delayed
EPC groups was 52.2 = 11.6% (n = 9) and 46.5 =
13.3% (n = 3), respectively. Only the early EPC
group showed a significant reduction of infarct
volume (P < 0.05) (Fig. 3B).

Neurological Deficits

Motor function scores of the PBS and EPC groups were 4.57
+ 284 (n=7)and 791 = 245 rpm (n = 9), respectively, at 24
hours and 2.61 * 1.15 (n = 8) and 6.79 * 3.46 rpm (n = 8),
respectively, at 48 hours. The score of the EPC group was
significantly higher than that of the control at both 24 and 48
hours (P < 0.05 at 24 hr, P < 0.01 at 48 hr) (Fig. 3C). The motor
function scores of the Al0 and delayed EPC groups at 24
hours were 40 = 1.91 (n = 9) and 6.6 = 0.36 rpm (n = 3),
respectively. Delayed EPC group showed significant improve-
ment (P < 0.05) (Fig. 3D).

rCoBF

The value of rCoBF of the control (n = 5) was decreased to
54.2 = 10.2% of the preoperative value at 24 hours and re-
mained 50.6 = 13.7% at 48 hours. The value of rCoBF of the
EPC group (n = 5) was decreased to 68.9 = 15.3% at 24 hours,
but recovered to 84.4 = 12.0% at 48 hours. The value of rCoBF
in the EPC group at 48 hours was significantly higher than that
of the control (P < 0.05) (Fig. 3E).

www.neurosurgery-online.com
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Distribution of Administrated EPCs

Distribution of EPCs was estimated in the sim-
ilar lateral cortex (Fig. 3A). Although few cells
expressing GFP were observed in the contralateral
hemisphere (Fig. 3, B and D), many were observed
widely in the ischemic brain parenchyma (Fig. 3, B
and C) with expression of vWF at 24 hours (Fig. 3,
E~G). EPCs seemed to replace the endothelial
layer entirely in some arteries (Fig. 3H). They were
located medial to the smooth muscle layer (Fig. 3,
I-K). These observations were also confirmed at 48
hours. In the rats in which EPCs were adminis-
tered without ischemic insult, few cells expressing
GFP were observed in the brain (data not shown).

Density of MPO-immunoreactive Cells

Administration of EPCs significantly reduced
the infiltration of MPO-immunoreactive cells in
the ischemic hemisphere at 24 hours (P < 0.05)
(Fig. 4A). The density of the MPO-immunoreactive
cells in the ischemic hemisphere at 24 hours was
37.4 * 14.0 cells/mm? (control, n = 4, Fig. 4B) and
153 *+ 3.95 cells/mm® (EPCs, n = 4, Fig. 4C).
ICAM-1 positive cells were distributed through-
out the ischemic hemisphere, but its expression
was not colocalized with the transplanted EPCs
(Fig. 4, D-F).

Expression of eNOS, VEGF, and IGF-1 in
Administered EPCs

Administered EPCs expressing GFP were dis-
tributed in the brain parenchyma and around the
" endothelial layer of pial arteries in the ischemic
lesions at 24 hours (Fig. 5, A, D, and G). Most of the
cells also expressed eNOS (Fig. 5, B and C). Ex-
pression of VEGF (Fig. 5, E and F) and IGF-1 (Fig.
5, H and I) was mainly observed in the cells other
than EPCs in the ischemic lesion.

DISCUSSION

EPCs can be isolated from peripheral blood,
BM, and umbilical cord blood (3, 5, 19, 26). In this
study, we used EPCs obtained from autologous
BM by culture with VEGF on fibronectin-coated
dishes by removing the nonadherent cells because
this method seemed to provide more purified
EPCs than culture of freshly isolated CD34-
positive cells (26). Molecular characteristics of
EPCs isolated and expanded from BM were simi-
lar to that of vascular ECs, such as uptake of
acLDL, binding to lectin, and expression of vWF,
Fik-1, and Tie-2, except for the expression of
ICAM-1.

REUROSURGERY
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FIGURE 4. Density of the MPO-immunorenctive cells in the ischemic lesion. A, the density of
the MPPO-immunoreactive cells in the ischemic hemisphere at 24 hours was significantly reduced
by administration of EPCs (P < 0.05). MPO-immunoreactive cells (arrows) in the control (B)
and EPC group (C). ICAM-1 positive cells (D) and EPCs (E) were distributed throughout the
ischemic hemisphere. Their distribution differed (F, merged). Scale bars = 200 wm.

FIGURE 5. Expression of eNOS, VEGF, and IGF-1 in administered EPCs. A, D, and G,
administered EPCs expressing GFP were distributed in the brain parenchyma and around the
endothelial layer of pial arteries in the ischemic lesions at 24 hours. Most of the cells also expressed
eNOS (B and C are merged). Expression of VEGF (E and F are merged) and IGF-1 (H and T are
merged) was observed in the cells other than EPCs in the ischemic lesion.
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Administration of ex vivo-expanded BM-derived EPCs could
reduce the cerebral infarct volume and the neurological deficits
at 24 and 48 hours after focal cerebral ischemia-reperfusion in-
jury. rCoBF was reduced after ischemia, but significantly recov-
ered by administration of EPCs at 48 hours. Delayed adminis-
tration also showed partial beneficial effects on the ischemia.

To investigate the mechanism of the beneficial effects of EPCs
at 24 hours, we focused on the cellular interactions between EPCs
and inflammatory neutrophils. Endothelial dysfunction has been
reported to be significantly involved in neural injury after focal
cerebral ischemia-reperfusion injury (6), and MPO-
immunoreactive cells are regarded as a general marker of acute
endothelial damage. Infiltration of MPO-positive cells is initiated
within a few hours after insult because of the interaction with
ECs of enhanced expression of ICAM-1 (6, 21, 25). Administra-
tion of EPCs actually suppressed the infiltration of MPO-
immunoreactive cells in the infarct region. Although EPCs were
assembled widely in the parenchyma of the ischemic hemi-
sphere, and especially in the inner layer of several pial arteries at
24 hours, distribution of EPCs was different from that of ICAM-1
positive cells. We think that lack of expression of ICAM-1 on the
surface of the EPCs might be related to the inhibitory effects.

rCoBF in the ischemic penumbra was reduced at 24 hours
after ischemia, but significantly recovered by administration
of EPCs at 48 hours. Attenuation of infarct volume and neu-
rological deficit at 48 hours might be related to the recovery of
rCoBF.

To investigate the molecular mechanisms in attenuation of
acute ischemic injury by administration of EPCs, we carried
out an immunohistochemical study of expression of eNOS,
VEGF, and IGF-1 in the EPCs. EPCs were reported to produce
several vasodilatory or growth factors such as nitric oxide,
VEGF, and IGF-1 (15). Most of the EPCs distributed in the
ischemic lesion expressed eNOS, but few expressed VEGE and
IGF-1. These observations suggest that nitric oxide produced
by EPCs might be related to the attenuation of endothelial
dysfunction or ischemic injury (9, 16, 36).

Zhang et al. (37) reported focal brain ischemia mobilized
EPCs from BM to ischemic lesions at 30 days after insult. They
were differentiated into ECs in the ischemic region participat-
ing in the neovascularization with recovery of cerebral blood
flow. Our study revealed that exogenously administered EPCs
assembled widely in the parenchyma of the ischemic hemi-
sphere and in the inner layer of several pial arteries with
endothelial differentiation, even in the acute ischemic stage.
Endothelial differentiation in the ischemic region might occur
earlier in the exogenous EPCs than endogenous ones from the
BM. This is clinically important in that exogenously adminis-
trated EPCs might have therapeutic potential for acute brain
ischemia.

Although Taguchi et al. (29) reported beneficial effects of
CD34-positive cells derived from human umbilical cord on
mouse focal brain ischemia, their method needs immunosup-
pression for clinical application. Iihoshi et al. (17) reported
beneficial effects of administration of stromal cells from au-
tologous BM for focal ischemia, but the target of cells or
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molecules in their method remains somewhat ambiguous be-
cause stromal cells have multipotency. Our method also has
some limitations to be solved for clinical application. Delayed
administration of EPCs had partial effects on ischemia in our
study. In addition, our method takes several days for differ-
entiation of the cells before administration. However, relief of
endothelial dysfunction by administration of expanded autol-
ogous EPCs will be another possible therapeutic option in the
treatment of acute brain ischemia.

CONCLUSION

In summary, administration of ex vivo-expanded autolo-
gous BM-derived EPCs diminished the early neural injury
after focal cerebral ischemia-reperfusion injury. This might be
caused, in part, by attenuation of acute inflammatory endo-
thelial dysfunction.
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he authors demonstrate neuroprotection and improved functional

outcome in the acute phase of reperfused stroke after an intra-
arterial injection of ex vivo expanded bone marrow endothelial pro-
genitor cells. They propose that this neuroprotection derives from an
attenuation of endothelial dysfunction, reflected by a reduction in the
density of myeloperoxidase-positive cells in the area of the infarction
and an increase in regional blood flow, assessed by laser Doppler
flowmetry from 24 to 48 hours in the treated animals. Although
previous work has demonstrated that endothelial progenitor cells
(EPCs) ameliorate functional outcome in the chronic phase of stroke,
this is the first study to assess functional benefit in the acute phase. As
a further advantage of this experimental paradigm, the authors derive
these cells from autologous bone marrow, avoiding the need for
potentially confounding immunosuppression.

Few studies have explored the role of endothelial precursor cells in
cerebral ischemia/reperfusion, and this is the first to investigate the
neuroprotective effects in the acute phase of such therapy. It is likely
that the protection offered by these cells derives from additional
protective mechanisms (such as the production of growth factors) that
merit further investigation. These effects, as well as the potential of
these cells to induce neovascularization, provide the opportunity for
neurorestoration at later time points than examined in this article (1).
Significantly less cumbersome efforts to attenuate endothelial dys-
function in the acute phase of stroke have been previously investi-
gated (adhesion molecule blockade) and have been shown to ulti-
mately fail in the clinical arena.

E. Sander Connolly, Jr.
Andrew F. Ducruet
Ricardo J. Komotar
New York, New York
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1. Zhang ZG, Zhang L, Jiang Q, Chopp M: Bone marrow-derived endothelial
progenitor cells participate in cerebral neovascularization after focal cerebral
ischemia in the adult mouse. Circ Res 90:284-288, 2002.

he authors tested the effects of bone marrow-derived EPCs on a rat

stroke model. When given immediately after vessel occlusion,
behavioral deficits and infarct volumes were reduced. They theorize
that these effects were through reduction in endothelial dysfunction,
perhaps mediated through nitric oxide. It was interesting to note that
the majority of cells were found in the infarct region rather than in
other brain locations, a finding noted by others after cell delivery via
vascular injection. There are numerous limitations in a study such as
this, and these are appropriately addressed in the report. The work is
novel and should be pursued further.

Cell delivery two hours after vessel occlusion had reduced effects.
Obviously, the temporal nature of any effects needs to be clarified. In
the clinical setting, a window of several hours would be imperative. It
is interesting to note how few patients actually receive TPA for their
stroke, given the time limits on its utility.

Much of the prior work on cellular repair after rodent cerebral
infarction has focused on neuronal implantation or striatal tissue
grafts. Through an evaluation of endothelial cell effects, this group has
chosen a different path that may prove to be an important new avenue
for research. Given the number of studies showing measurable behav-
ioral improvement using cellular repair concepts, neurosurgeons
should be excited about the future of both basic and clinical research
in this area.

Douglas S. Kondziolka
Pittsburgh, Pennsylvania

ln this article, the authors present experimental evidence that the
intra-arterial administration of autologous ex vivo-expanded bone
marrow-derived EPCs is beneficial after focal cerebral ischemia in a
rat model. They demonstrate that application of this treatment strat-
egy reduces the volume of infarct and neurological deficits as deter-
mined by standard testing in the experimental animals compared with
controls after transient occlusion of the middle cerebral artery. In
addition, the number of inflammatory cells in the ischemic lesion was
also reduced in the treatment group at 24 hours, along with an
increase in regional cortical blood flow at 48 hours. As the authors
point out, while the beneficial effects of EPC administration may be
due, in part, to the attenuation of endothelial dysfunction, other
previously identified effects of cellular transplantation may also con-
tribute to the beneficial effect. The use of autologous EPCs is interest-

ing in that it may obviate the need for immunosuppression. It is
disappointing that the group receiving the delayed treatment 2 hours
after reperfusion did not benefit as much, with obvious implications
for ultimate clinical relevance. In addition, the strategy of autologous
transplantation requires a prolonged delay between graft harvest,
preparation, and transplantation, making it perhaps more appropriate
for chronic degenerative disorders than acute ischemia. Nevertheless,
the results presented here are interesting and identify endothelial
dysfunction as a therapeutic target for treatment of transient focal
brain ischemia.

Charles Y. Liu
Los Angeles, California

hta et al. characterized EPCs from rat bone marrow for intra-

arterial administration after stroke. Behavioral changes were
noted and rats were sacrificed for assessment of infarct volume in
treated and control groups. Modest improvement in Rota rod (Muro-
machi, Tokyo, Japan) performance was noted in early-treated rats and
a diminution of infarct size was observed. However, there was no
statistical difference in mortality in the two groups. They demonstrate
the luminal location of injected EPCs and speculate on the mechanism
of neuroprotection.

A few additions to the study may help address the feasibility of
such cell therapy as a viable treatment option. A less direct method of
administration could be tried as opposed to carotid injection. Admin-
istration of EPCs could be delayed to better simulate timing of ad-
ministered therapies, and the period of observation after treatment
should be extended to enhance the understanding of the longer-term
effects on performance scores and mortality. Additionally, it may be
interesting to address the effect of EPC administration on the extent of
edema after cerebral ischemia in this model, hypothesizing that im-
proving vascular integrity by limiting endothelial cell dysfunction
may reduce cerebral edema, which so often complicates the treatment
of patients with large infarcts.

To our knowledge, this is the first report of transplanted bone
marrow-derived endothelial cell precursors used as a novel treatment
attempt after stroke, and the authors are commended for adding to
our existing knowledge of the potential for restorative cell therapy
after central nervous system injury. An additional requisite next step
is an enhanced understanding into the mechanism of action of trans-
planted EPCs in this model.

Robert M. Friedlander
Ian F. Dunn

Boston, Massachusetts

CALL FOR CONCEPTS AND INNOVATIONS CONTRIBUTIONS

The Concepts and innovations section has been conceived to establish a new dimension
in journalistic presentation. Because of individual variations in the creative mind and the
ability to effectively carry ideas through to fruition, many concepts or novel ideas are

left “on the shelf” or are unheard because, for one reason or anothey, individuals do not
have the capability to see them through to absolute or practically developed completion.

This section of the Journal will offer a forum for all those who wish to present new
concepts or ideas related to neurosurgery and neuroscience, as applied to neurological
disorders, and will offer the opportunity for the logical and substantive presentation of
ideas and novel issues without absolute confirmation within clinical or laboratory sectors.

New concepts with potential application to all foci of practice will be welcomed.
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“TARGET BYPASS”: A METHOD FOR PREOPERATIVE
TARGETING OF A RECIPIENT ARTERY IN
SUPERFICIAL TEMPORAL ARTERY-TO-MIDDLE
CEREBRAL ARTERY ANASTOMOSES

OBJECTIVE: To introduce a method for preoperative targeting of a proper recipient
artery in superficial temporal artery-to-middle cerebral artery anastomosis.
METHODS: Six operations for superficial temporal artery-to-middle cerebral artery
anastomosis in four patients with moyamoya disease or moyamoya-like disease
and two operations in two patients with atherosclerotic cerebrovascular occlusive
disease accompanied by coronary artery stenosis were performed using our
method. Before surgery, a 3-Tesla magnetic resonance imaging study was per-
formed with axial Ti-weighted three-dimensional magnetization-prepared rapid
acquisition gradient-echo sequences and three-dimensional time-of-flight mag-
netic resonance angiography. Data on quantitative regional cerebral blood flow
were obtained by iodine-123-labeled N-isopropyl-iodoamphetamine single-
photon emission computed tomography or positron emission computed tomogra-
phy. The magnetic resonance angiography and regional cerebral blood flow data
sets were registered with the magnetization-prepared rapid acquisition gradient-
echo data set by means of the coregistration function of the SPM2 software. We
examined the arteries located on or near the cortex where the regional cerebral
blood flow had significantly decreased and used the coregistered data set and
MRIcro software to select the cortical artery with the largest diameter as the target
recipient artery. At the surgery, the data sets were applied to the neuronavigation
system and the actual site of the target was confirmed in the operation before scalp
incision. The superficial temporal artery was anastomosed with the target through
a small craniotomy.

RESULTS: Successful bypass surgery to the target was confirmed in all cases.
CONCLUSION: The “target bypass” method might be effective for cases with moya-
moya disease or for cases requiring surgery through a small craniotomy.

KEY WORDS: Cerebral blood flow, Coregistration, Moyamoya disease, Neuronavigation, Recipient;
Superficial temporal: artery-to-middle cerebral artery anastomosis,. Target

Neurosurgery 59fONS Suppl 41:ONS-320-ONS-327, 2006 DOI: 10.1227/01 NEU.0000232775.06672.F4

rebral artery (STA-MCA) anastomosis

was first reported by Yasargil (22) in
1969. In Japan, STA-MCA has especially been
applied to the treatment of moyamoya disease
(MMD) (8, 13), a progressive steno-occlusive
disease at the terminal portion of the bilateral
internal carotid arteries (ICAs) with the devel-
opment of moyamoya vessels as collateral
channels (4). Although direct bypass is re-

Superficial temporal artery-to-middle ce-
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ported to be more effective than indirect by-
pass, such as encephaloduroarteriosynangio-
sis, for improved clinical and radiological
treatment of MMD (2, 7, 10, 12, 18), it is often
disregarded because of its technical difficulty
(11). One reason is the difficulty of finding
suitable recipient arteries during the operation
because the diameter of most cortical branches
of the MCA is small in patients with MMD (9,
10, 13). Recent advances in neuroradiology

www.neurasurgery-onkline.com
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TABLE 1. Patient characteristics®
Patient no.  Age (yr)/sex Disease entity Side Procedure D!ameter of
craniotomy (mm)
1 29/M MMD Left STA-MCA 25
Right STA-MCA 20
2 67/F MMD Right  STA-MCA + EMS 40
3 57/F Moyamoya-like disease underlying diabetes mellitus Right STA-MCA 30
Left STA-MCA 20
4 63/F MMD Left STA-MCA 20
5 73/M ICA occlusion accompanied with coronary artery stenosis Left STA-MCA 20
6 71/M MCA occlusion accompanied with coronary artery stenosis ~ Right  STA-MCA 20
4 MMD, moyamoya disease; STA-MCA, superficial temporal artery-to-middle cerebral artery; EMS, encephalo-myo-synangiosis; ICA, internal carotid artery.

and image-guided navigation surgery have resulted in the
surgical use of fusion images obtained through various kinds
of neuroradiological studies (1, 6, 17). Here, we present a
method for the preoperative targeting of an appropriate recip-
ient artery in STA-MCA anastomosis and introduce our initial
experiences applying our method for cerebrovascular occlu-
sive disease, such as MMD.

Patient Summary

Six operations for STA-MCA anastomosis in four patients with
MMD or moyamoya-like disease and two operations in two

A

tsad b
RS MROGALAT I
S ARFL B LANTABEY
Lo DEEER LAY IBARIDYE
Dt A Pidose

FIGURE 1. A, MRA and rCBF data sets were registered with the MPRAGE
data set by means of the coregistration function of the SPM2 software to render
the registered data set quailable with the anatomic information of MPRAGE. By
using MRIcro software and adjusting the slice and the region of interest (cross
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patients with atherosclerotic cerebrovascular occlusive disease
accompanied with coronary artery stenosis were performed us-
ing our method. Table 1 shows the characteristics of the patients.

Imaging Study and Data Processing

Before surgery, a magnetic resonance imaging study was per-
formed with a 3-Tesla magnetic resonance scanner (Magnetom
Trio; Siemens, Erlargen, Germany) with magnetization-prepared
rapid acquisition gradient-echo (MPRAGE) sequences (repetition
time [TR], 2000; echo time [TE], 4.4; time interval [TI}, 990 ms; flip

B

bar), we obtained coregistered three-dimensional images showing the arteries of
the head (B), the anatomic structures of the brain (C), the distribution of the
rCBF (D), the distribution of the regional oxygen extraction fraction (E) (only
in cases with PET studies), and the surface of the scalp (F).
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FIGURE 2. A-C, fusion images between the MRA and rCBF data sets were obtained using the MRicro software.
Candidate recipient arteries could be found on the cortex of the right hemisphere (arrowheads, STA; arrows, candidate
recipient arteries). As for the target (asterisks in A-C), we selected the cortical artery with the largest diameter from the
candidates located on or near the cortex where the rCBF was markedly decreased. D, the location of the target in the
coregistered scalp images was visible, which provided the site of the craniotony.

angle, 8 degrees; matrix, 256 X 240; field of view, 24 cm; 208
slices; slice thickness, 1 mm; no interslice gap; single averaging)
and three-dimensional time-of-flight magnetic resonance angiog-
raphy (MRA) (TR, 22 ms; TE, 3.84 ms; flip angle, 18 degrees; slice
thickness, 0.64 mm; matrix, 512 X 208; acquisition time, 5 min
24 s; 192 slices) (5, 16). Quantitative regional cerebral blood flow
(rCBF) was evaluated by iodine-123-labeled N-isopropyl-
iodoamphetamine-single-photon emission computed tomogra-
phy with a three-head rotating gamma camera (PRISM 3000;
Shimazu Co., Ltd.,, Kyoto, Japan) or a 'O, gas steady-state
positron emission computed tomography (PET) study with a
PET scanner (Advance; General Electric, Milwaukee, WI) as re-
ported previously (15, 19, 21). The MRA and rCBF data sets were
registered with the MPRAGE data set through the coregistration
function of the SPM2 software (Wellcome Department of Imag-
ing Neuroscience, London, England) to create a registered data
set with anatomic information of MPRAGE (Fig. 1A). Postoper-
ative 3-Tesla magnetic resonance and single-photon emission
computed tomographic studies were performed between 2
weeks and 1 month after the surgeries.

Preoperative Targeting of the Recipient Artery

By adjusting the slice and the region of interest with free
MRlIcro software (http://www.mricro.com/) and using the
coregistered data set of MPRAGE, MRA, and rCBF, it is possible
to obtain coregistered three-dimensional images showing the
arteries in the head (Fig. 1B), the anatomic structures of the brain
(Fig. 1C), the distribution of the rCBF (Fig. 1D), the distribution of
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the regional oxygen extraction
fraction (Fig. 1E) (only in cases
with PET studies), and the sur-
face of the scalp (Fig. 1F) (18).
This software also enables the fu-
sion of MRA and rCBF images
(Fig. 2A). Some candidate arteries
for the surgery can be found in
these consecutive fusion images
(Fig. 2A). From them, we selected
as the target the artery with the
largest diameter that was located
on or near the cortex where rCBF
was markedly decreased (Fig. 2, B
and C). The location of the target
in the coregistered scalp images
could also be detected, which
provided the site for the craniot-
omy (Fig. 2D). This approach en-
abled preoperative targeting of a
recipient artery.

Operative Procedures

On the day before surgery, a
three-dimensional high-resolution
computed tomographic scan of the
whole brain was obtained with a 64-detector-row computed tomo-
graphic scanner (Aquilion; Toshiba Medical, Tokyo, Japan) to obtain
the reference images. The rCBF, MRA, and three-dimensional com-
puted tomographic data sets were applied to the neuronavigation
system (Stealth Station; Medtronic, Sofamor Danek, Memphis, TN)
and the fusion process was carried out with these images (6). With
the patient under general anesthesia, we made the scalp incision
after determining the location of the target on the scalp (Fig. 3A). The
actual location of the target beneath the scalp was revealed through
the navigation system, which displayed images of the cranium (Fig.
3B), MRA (Fig. 3C), and rCBF imaging (Fig. 3D), as well as a mag-
nified image of the MRA (Fig. 3E). The location of the craniotomy
and the design of the scalp incision were determined according to
the location of the target and course of the STA (Fig. 3, F and G).
After performing a small craniotomy (Fig.3H) and dural incision, we
exposed the target at the center of the craniotomy (Fig. 31). The STA
was successfully anastomosed to the target (Fig. 3]).

RESULTS

All surgeries were performed through a relatively small craniot-
omy. The patency of the bypass to the target and the postoperative
improvement of rCBF was confirmed in all cases by coregistered
images between MRA and rCBF imaging (Table 1).

ILLUSTRATIVE CASES
Patient 3

A 56-year-old woman with moyamoya-like disease underlying diabe-
tes mellitus was admitted to our institution after a second cerebral
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FIGURE 3. The data sets for rCBF, MRA, and 3-DCT were applied to the
newronauigation system. The navigation system enabled us to confirm the actual
site of the target for the operation. A, before scalp incision, we determined the
location of the target on the scalp. During the procedures, the display of the
navigation system showed images of the cranium (B), MRA (C), and rCBF
imaging (D), as well as a magnified MRA image (E). The cross bar indicates the
location of the probe. F, the location of the craniotomy and the design of the scalp
incision were determined according to the location of the target and course of the
STA (asterisk indicates the navigation probe). G, scheme of the scalp incision).
After a small craniotomy (H) and dural incision were performed, the target
(arrow) was confirmed at the center of the craniotomy by the navigation (1;
asterisk indicates the navigation probe). J, the STA was successfully anastomosed
to the target (arrow).

infarction in the right frontal lobe (Fig. 4A). Before surgery, she presented
with transient ischemic attacks of the left hemiparesis occurring several
times a day. A preoperative single-photon emission computed tomo-
graphic study revealed a significant decrease in rCBF (Fig. 4B) and
regional cerebrovascular reserve under acetazolamide challenging dom-
inantly in the right frontal lobe. Cerebral angiography revealed a right
MCA occlusion (Fig. 4, C and D) and stenosis at the terminal portion of
the left ICA (Fig. 4, E and F). STA-MCA anastomosis on the right side was
planned. Although few cortical branches of the right MCA could be
visualized in the angiograms, our method enabled preoperative targeting
of a recipient artery in the right frontal lobe (Figs. 2 and 3). Postoperative
studies revealed the patency of the bypass to the target (Fig. 4, G and H)
through improved rCBF in the right hemisphere (Fig. 4I). This patient’s
transient ischemic attacks disappeared after surgery.

Patient 4

A 63-year-old woman with MMD presented with incomplete
Gerstmann’s syndrome caused by completed stroke. She under-
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went left STA-MCA anastomosis. Preoperative targeting of a recip-
ient artery (Fig. 5, A-C) and bypass surgery were performed in the
same manner as in Patient 3. We exposed the targeted recipient
artery at the center of the craniotomy (Fig. 5, E and F) through a
quarter-sized craniotomy. The STA was successfully anastomosed
to the target (Fig. 5G).

DISCUSSION

STA-MCA anastomosis was first reported by Yasargil (22)
in 1969. Although the international trial in 1985 (3) failed to
prove this surgery’s prophylactic effects against recurrent
stroke (3), the Japanese extracranial-intracranial bypass trial
(JET study) completed its evaluation of the validity of STA-
MCA anastomosis in intracranial arterial occlusive disease in
preventing hemodynamic stroke (15). Moreover, a carotid oc-
clusion surgery study is ongoing in the United States.
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FIGURE 4. Right STA-MCA anastomosis for a 56-year-old woman
(Patient 3) with moyamoya-like disease. A, T2-weighted magnetic reso-
nance imaging scan obtained on admission demonstrating cerebral infarc-
tion in the right frontal lobe. B, a preoperative single-photon emission
computed tomographic study revealing significantly decreased rCBF,
mainly in the right frontal lobe. C-F, cerebral angiography revealing right

In Japan, STA-MCA anastomosis has especially been ap-
plied to the treatment of MMD (8, 13). Although direct bypass
surgery, such as STA-MCA anastomosis, was reported to be
more effective than indirect anastomosis in the treatment of
MMD (2, 7, 10, 12, 18), indirect bypass methods, such as
encephaloduroarteriosynangiosis, have often been preferred
because of the technical difficulty of direct bypass (12). More-
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MCA (C and D) occlusion and stenosis at the terminal portion of the left
ICA (E and F). Postoperative external angiograms in the anteroposterior
(G) and lateral (H) views showing the patency of the bypass. 1, postopera-
tive fusion images between the MRA and rCBF showed the success of the
bypass to the target (arrows) with improvement in vCBF in the right
hemisphere.

over, in addition to the technical difficulty of the anastomotic
procedure itself, finding recipient arteries with a suitable di-
ameter for anastomosis is difficult during surgery for MMD (8,
9, 12). In our institution, STA-MCA anastomosis has been
performed in all cases of MMD or moyamoya-like disease (13).
Although the results of our surgery have been quite favorable,
a relatively large craniotomy in the frontotemporal region is
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FIGURE 5. Left STA-MCA anastomosis in a 63-year-old woman with MMD
(Patient 4). Preoperative targeting of a recipient artery (A, MRA; B, rCBF; C,
scalp imaging) and bypass surgery in the same manner as in Patient 3. A
craniotomy the size of a quarter (D) was used to expose the targeted recipient
artery at the center of the craniotomy (E) and enabled success bypass to the target
(F). Target indicated by arrowheads.

routinely required to reveal a proper recipient artery for the
operation (8, 13).

One of the advantages of our method is the identification of
the location of the recipient artery with pinpoint accuracy
before scalp incision. Even in cases, such as those of MMD, in
which preoperative angiograms demonstrate only a few can-
didates for recipient artery, an appropriate recipient artery can
be exposed at the center of craniotomy with our method.
Therefore, our method is considered effective in surgery for
most cases of MMD.

A second advantage of our method is the use of a small
craniotomy for STA-MCA anastomosis. In this study, bypass
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surgery could be performed through a small craniotomy, even in
patients with MMD. However, in some MMD patients, espe-
cially pediatric patients, an indirect bypass, such as encephalo-
myo-synangiosis, should be combined with a direct bypass
through a large craniotomy (13). Thus, we do not recommend
surgery through a small craniotomy with our method for all
cases of MMD. Bypass surgery through a small craniotomy is
also indicated for cases in which surgery must be performed
quickly. Our method might be useful in STA-MCA anastomotis
for patients with systemic disease, such as a heart dysfunction.

In this study, we performed three-dimensional time-of-
flight MRA with a 3-Tesla unit to target a recipient artery.
MRA principally describes only arteries because it selec-
tively detects and captures signals moving at high velocity.
As reported previously, three-dimensional time-of-flight
MRA with a 3-Tesla unit can well describe small arteries
with a diameter less than 1 mm, such as moyamoya vessels
(5). In this study, MRA also clearly described arteries hav-
ing a diameter of approximately 1 mm on the brain surface
or within the scalp. Although brain shift has been raised as
a significant issue with image-guided neuronavigation sur-
gery (6), it was not a significant problem with our method
because use of the navigation system was concluded before
scalp incision.

A third advantage of our method is the targeting of a recipient
artery with reference to an rCBF map to achieve selective revas-
cularization of the region with decreased rCBF. In this report,
among the arteries situated on or near the cortex where rCBF was
significantly decreased, we selected the cortical artery with the
largest diameter as the target. However, whether or not our
approach for determining the target is the best for preventing
recurrent stroke remains controversial, and this might be one of
the greatest problems with our method. It is possible that the best
target is an artery with the largest diameter located other than in
the region presenting decreased rCBF. An artery in the cortex in
the region with the most significant decrease in rCVR (23) or with
highest increase in rOEF in the PET study (20) might be a more
suitable target. This issue should be investigated further.

CONCLUSION

The “target bypass” method can provide preoperative iden-
tification of the location of a proper recipient artery in STA-
MCA anastomosis. This method might be effective for patients
with MMD or those requiring surgery through a small crani-
otomy. Methods of determining the optimal target recipient
artery should be further investigated.
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COMMENTS

In this article, the authors have described the preoperative targeting of
the superficial temporal artery-to-middle cerebral artery (STA-MCA)
bypass using preoperative study of cerebral blood flow and fusion of this
information with other imaging data. They used it successfully in pa-
tients with moyamoya syndrome. This seems to be a good strategy in the
short term. Over the long term, however, the bypass donor artery is
expected to enlarge and supply a much larger vascular territory through
collateral circulation, and the technique may be less important.

An important issue to be considered is that the ischemic territory of
the brain undergoes additional ischemia during the bypass procedure,
and may be more susceptible to a stroke. The question would be
whether or not it is better to place the bypass in the penumbra zone of
the ischemic territory because, in time, the donor vessel would be
expected to also supply the densely ischemic region.

In the United States, vascular bypasses for ischemia (not aneurysms
or basal tumors) are routinely performed only for moyamoya syn-
drome. For patients with atherosclerotic occlusive disease, such by-
passes are being reimbursed by Medicare only as part of the Carotid
Occlusion Surgery Study trial, even though there are patients who
have failed maximal medical therapy and, for one reason or another,
do not qualify for the Carotid Occlusion Surgery Study trial. This is
not true in Japan, where STA-MCA bypasses are still being performed
in large numbers for cerebral ischemia secondary to atherosclerotic
vascular occlusion.

Laligam N. Sekhar
Seattle, Washington

leuta et al. apply multiple imaging modalities (magnetic reso-
nance angiography [MRA] and three-dimensional [3-D] computed
tomographic scanning) to target the donor STA and an appropriate
sized MCA recipient branch in moyamoya disease or moyamoya-like
disease. In addition, the authors use various cerebral blood flow
studies (single-photon emission computed tomography and positron
emission tomography [PET]) to determine regions of hypoperfusion
for targeting in these patients. This technique was successful in six
(STA-MCA) bypass operations. The authors admit that this is a tech-
nical report and do not provide evidence that this will help patient
outcome. However, this article is important because it may reduce the
number of indirect bypass procedures that are used because of inad-
equate recipient arteries, and it allows for a smaller craniotomy, which
may reduce operative time and, possibly, morbidity. The authors
appropriately state that it remains unclear whether or not targeting a
recipient artery in areas of hypoperfusion is beneficial to patient
outcome. One limitation of this study is that it only involves six study
subjects. However, the technique is extremely novel and seems feasi-
ble. Further experience with this method, combined with assessment
of clinical outcomes, will determine its efficacy.

Gary K. Steinberg
Michael E.B. Kelly
Stanford, California

he authors have developed a technique using a unique software
application by which a revascularization procedure can be targeted
very specifically to a certain area of cerebral cortex that appears maxi-
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mally threatened on physiological imaging. To accomplish this, 3 T
magnetic resonance imaging scans, magnetization prepared rapid gradi-
ent echo-water excitation, 3-D time-of-flight, MRA, and color Doppler
flow studies with either single-photon emission computed tomography
or PET are acquired preoperatively. At surgery, the color Doppler flow
and MRA images are coregistered with the 3-D high-resolution com-
puted tomographic scan to perform intraoperative localization. As a
result, very small craniotomies are possible to direct flow from an ex-
tracranial to intracranial bypass into a very specific area.

This is an interesting and intuitive application of current image fusion
techniques. It enables the surgeon to target a specific recipient artery that
is size matched to the donor STA. Potential difficulties in applying this
technique include considerations of whether or not the STA maintains
adequate diameter once you reach a peripheral target. In addition, one
wonders if it might be more appropriate to target a larger recipient (with
a larger donor) more proximally along the arterial tree to the area of
maximal ischemia. Possibly, in using that mechanism, even more flow
could be directed to the specific target region. Nevertheless, this is an
interesting study that should stimulate all of us to be more creative as we
approach patients with complicated ischemic state.

H. Hunt Batjer
Chicago, Ilinois

he authors have described an innovative technique to preopera-
tively identify the recipient artery when performing STA-MCA
anastomosis. Images of the angioarchitecture are obtained by MRA
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and fused with regional cerebral blood flow examinations obtained
either by single-photon emission computed tomography or PET. The
authors were able to coregister 3-D images of the arteries, the ana-
tomic structures of the brain, and the distribution of the regional
cerebral blood flow or regional oxygen extraction fraction (if PET
studies were used). This allowed the authors to identify the recipient
artery on the basis of diameter as well as region of decreased cerebral
blood flow.

The primary advantages of this technique, as expressed by the
authors, include the ability to use a very small craniotomy by prese-
lecting the recipient artery and the ability to identify the region of
decreased cerebral blood flow. Although the size of the craniotomy for
an extracranial to intracranial bypass does not dictate the length of the
operation to any great degree, there is some benefit of being able to
preoperatively identify a recipient artery of adequate size. Whether or
not a bypass performed in an area of greater decreased cerebral blood
flow is advantageous remains to be proven. Patients with moyamoya
disease or MCA occlusion may well redistribute the additional blood
flow through the patent anastomosis to the regions of ischemia. Cer-
tainly, further work is indicated to determine the precise benefit of this
technique. Notwithstanding these cautionary comments, the authors
have demonstrated an elegant technique for identifying a suitable
recipient vessel for extracranial to intracranial bypass in a highly
reproducible manner.

Daniel L. Barrow
Atlanta, Georgia

Achille Louis Foville, 1799-1978, Traité Complet de Vanatomie, de Ia Physiologie et de la Pathalogie du Sys-
téme Nerveux Cérébro-spinal. Paris: Fortin, Masson, 1844 {Courtesy, Rare Book Room, Norris Medical
Library, Keek School of Medicine, University of Southern California, Los Angeles, California.)
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