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depth. Then we evaluated contributions of different factors on ver-
gence angle by conducting three-factor ANOVA with optic flow, the
gaze-area depth, and the movie condition (2D or 3D) as three major
factors, and post hoc analyses using the SPSS software (ver,18, SPSS
Co. Ltd., USA). Line and curve fitting on the post hoc data was con-
ducted on MATLAB with the Curve-fitting toolbox.

3. Results

We initially tested whether vergence should persist during pro-
longed 2D random-dot movie presentation in the absence of binoc-
ular disparity by measuring eye positions while the subject viewed
a radially expanding optic flow (Fig. 1a). We found that the contin-
uous 2D optic flow did elicit sustained vergence reliably across all
subjects regardless of whether fixation spot was presented on a
screen (red line in Fig. 1b) or not (blue line in Fig. 1b). Following
an onset latency, the vergence angle rapidly increased from the ini-
tial screen level (6 in Fig. 1a), soon reached a plateau level, and
was maintained for at least 30 s throughout the entire stimulation
period (Fig 1b). When optic flow stopped, the vergence angle
slowly returned to the initial level with some overshoot diver-
gence. It should be noted that vergence eye movements occurred
even when the subjects were instructed to gaze at the fixation spot
on the screen (red lines in Fig. 1b and c). Vergence time courses
were similar irrespective of the fixation condition (see Fig. 1
legend).

Next, we used a video movie showing a passenger's view of a
roller coaster as visual stimuli for two purposes, First, we tested
if a continuous optic flow fluctuating with the coaster's velocity
(Fig. 2a) would elicit persistent vergence eye movements in 2D
condition. Second, we examined how the two major depth cues,
namely, optic flow and binocular disparity, would interact for the
generation of vergence in 3D condition. In 3D condition, two mov-
ies with the same content recorded by dual cameras from slightly
different views were stereoscopically presented to individual eyes,
whereas in 2D condition, the identical video movie was presented
to both eyes. We found that the horizontal and vertical gaze posi-
tions were not so significantly different between 2D and 3D condi-
tions (Supplementary Fig. 2). This means that subjects gazed at the
same area independently of the movie conditions. As predicted by
our hypothesis, the 2D video movie induced persistent and dynam-
ical vergence eye movements (Fig. 2b) fluctuating with radial optic
flow produced by forward moving scenes. Unexpectedly, not only
convergence but also divergence eye movements were elicited in
2D condition, even though the movie included only expanding
optic flow components (Fig. 2a). This finding suggests that 2D cues
other than optic flow in the movie induced vergence eye move-
ments. A comparison of the time courses of vergence between 2D
and 3D conditions (Fig. 2b and c) revealed that the 2D movie in-
duced divergence almost exclusively in the scenes where the 3D
movie induced strong divergence. These scenes contained neither
optic flow (Fig. 2a) nor binocular disparity in 2D condition; how-
ever, they typically contained rich pictorial perspective cues such
as forward-extending rail tracks (* or ** in Fig. 2a and e). The
subjects significantly perceived depth sensation not only in the
3D movie but also in the 2D movie (Supplementary Fig. 1). Quite
interestingly, in the absence of instructions to control the gaze,
all the subjects exhibited essentially identical conjugate eye move-
ments for 2D and 3D conditions with little inter-subject variability
(Supplementary Fig. 2). These findings raised the possibility that
pictorial depth information in a gaze window in 2D condition
might be in parallel with binocular disparity information in the
gaze window in 3D condition, and the former would be one of
the critical determinants of vergence in 2D condition.
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Fig. 1. Sustained vergence elicited by prolonged exposure to an expanding random-
dot movie. (a) Radially expanding optic flow defined by moving random-dot movie.
As the radial optic flow induces a sensation of forwarding self motion, convergence
eye movement (blue arrow) occurs and the vergence angle (8) increases from the
initial screen level (8p). (b) Time course of vergence eye movement while the
subject viewed a constant-velocity radially expanding optic flow with (red line) or
without (blue line) a fixation spot. Thick and thin lines indicate mean + SEM (n=6).
(c) Magnified view of the initial 8-s period from b. The latency with/without the
fixation spot was 0.25 +0.07 5/0.26 % 0.05 s, respectively (mean £ 5D). The rise and
fall time was 048£0.145/0.52+0.195, and 4.34£6.795/11.42+7.36 5, respec-
tively, but the plateau-level without the fixation spot (0.97°) was much larger than
that with the fixation spot (0.37°). Overshoot vergence was observed after optic
flow stopped. The rebound divergence was large and sustained especially in “with
fixation spot” condition.

To test this possibility, we defined a 5 x 5° gaze window cen-
tered at the gaze point in both 2D and 3D conditions, and esti-
mated “gaze-area depth” for each video frame by averaging the
binocular disparity within the gaze window (Fig. 2d and e).
Gaze-area depth within a 2D picture was defined as the mean
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Fig. 2. Persistent and dynamical vergence eye movement induced by a roller coaster video movie. (a) Time course of the optic flow in the video movie and screenshots of the
video movie. The roller coaster moved only forward. Radial optic flow above 100% indicates that the optic flow is expanding. (b), (c) Vergence time course during the video
movie in 2D (d) and 3D (e) conditions. Black line and shaded area indicate the mean + SEM (n = 6). Dashed lines indicate vergence position at the screen level (0°). Positive and
negative values indicate convergence (near) and divergence (far), respectively. Dynamically changing vergence eye movements were reliably induced by the video movie in
2D as well as 3D conditions. (d), (e) Time courses of gaze-area depth in 2D (d) and 3D (e) conditions. The averaged disparity within a 5° x 5° gaze-window was defined as
“gaze-area depth” and plotted against time (black line). The upper and lower gray lines indicate the disparity at the nearest and farthest points within the gaze-window,
respectively. Asterisks in (a) and (e) indicate the scenes with little optic flow and rich pictorial perspective cues.
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disparity within the corresponding area in the 3D picture. We then
quantitatively evaluated how vergence was affected by optic flow,
the gaze-area depth, and the 2D/3D movie condition (Fig. 3a and b)
by conducting three-factor ANOVA (Table 1). We found that optic
flow and the gaze-area depth had significant main effects on ver-
gence (optic flow: F=9.3, P<0.0001; gaze-area depth: F=24.1,
P <0.0001). The effects of these two factors on vergence were inde-
pendent, since no significant interactions were observed (P = 0.26).
No significant interactions were found between optic flow and the
movie condition (P = 0.88), indicating that optic flow consistently
affected vergence in both 2D and 3D conditions (Fig. 3c); the effect
would be robust because 2D and 3D movies had essentially the
same optic flow contents (Fig. 2b). On the other hand, the effects
of gaze-area depth on vergence depended significantly on the
movie condition (F=22.1, P<0.0001). In 3D condition, significant
positive correlation was found between vergence and the gaze-
area depth (solid line in Fig. 3d; r= 0.84, partial regression coeffi-
cient=0.033, P<0.01). In 2D condition, however, vergence did
not monotonically increase with the gaze area depth but exhibit
bimodal responses (broken line in Fig. 3d; r=0.92, P<0.01). When
the gaze-area depth was far (behind the screen), vergence angle in-
creased with the gaze-area depth, in a manner similar to the 3D
condition. However, when the gaze-area depth was near (in front
of the screen) vergence did not increase, but decreased with the
gaze-area depth.
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Table 1

Result of independent three-factor ANOVA.
Sources df  Fvalue Pvalue (Eta_p)?
Main effect
Gaze-area depth 6 241 <0.0001 073
Optic flow aly | 8.3 <0.0001 066
Movie condition 1 1445 <0.0001 073
Interaction
Gaze-area depth » movie condition 6 221 <0.0001 071
Gaze-area depth = optic flow 60 12 0.26 0.57
Optic flow x movie condition 1 05 0.88 0.10

df: Degree of freedom.

4. Discussion

In the present study, we demonstrated that persistent vergence
eye movements were induced during prolonged movie stimulation
in 2D condition (Figs. 1b and 2c). The basic properties of opfic-
flow-induced vergence found in our study were consistent with
properties of disparity-induced vergence in previous studies
[6,19,20]. Both had transient and sustained components and the
sustained components had similar latency and rise time (see
Fig. 1 legend) to those of disparity vergence [2,21]. The optic-
flow-induced sustained vergence was robust from the following
observations. First, vergence was maintained through the entire
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Fig. 3. Effects of optic flow and gaze-area depth on vergence in 2D and 3D movie conditions. (a), (b) Vergence angle during the roller-coaster video movie plotted against optic
flow and gaze-area depth for 2D (a) and 3D (b) movie condition. For this plot, the vergence angle data were sorted by a combination of optic flow (12 classes) and the gaze-
area depth (7 classes) into 12 x 7 matrix by discarding temporal information. The mean vergence angle in each matrix cell was plotted against optic flow and the gaze-area
depth. (c) Vergence angle as a function of optic flow in 2D (black) and 3D (gray) conditions. For this plot, vergence data at 12 optic flow classes were averaged irrespective of
gaze-area depth. The dashed (2D) and solid (3D) regression lines were significantly positive (2D, y =0.15x — 0.23, r=0.95, partial regression coefficient = 0.001; 3D,
¥ =0.16x — 0.65, r = 0.80, partial regression coefficient = 0.001, where y is vergence and x is optic flow). (d) Vergence angle as a function of gaze-area depth (black, 2D; gray,
3D). The dashed curve and sold line indicate the fitted guadratic curve (2D) and regression line (3D), respectively (2D: y=-0.73x" - 0.31x+026, r=083; 3D:

y=0.58x—- 0,09, r=0.71).
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period of visual motion inputs (Fig. 1b). Second, the vergence
responses were highly reproducible across subjects and 2D/3D
conditions with little variability (Figs. 1b and ¢ and 2c and d).
Third, convergence was automatically induced despite the require-
ment for fixation on the screen spot (Fig. 1b and c). Fourth, rebound
divergence occurred specifically when the subjects reported strong
motion after effects with the fixation spot on the screen [22]. It
should be noted that no subject reported diplopia due to the gap
between the gaze point and the screen, presumably because the
gap was within the Panum's fusional area [23]. We speculated that
the robustness of optic-flow-induced vergence in our study may be
attributable to the faster moving-forward sensation generated by
our random-dot movie that simulated roller-coaster motion
(70 km/h) unlike prior studies that simulated slow self motion
(less than 0.72 km/h) [24].

Vergence is known to originate not only from binocular dispar-
ity but also from non-stereoscopic proximal depth cues giving the
impression of being nearer or further [2,25]. These cues are typi-
cally related to ambiguous optical illusions, and include both static
cues [26-28] and motion cues [29,30]. Vergence induced by these
cues might be affected by changes in depth perception [26-30],
although binocular disparity might be a stronger factor [31]. A sen-
sation of depth can be induced by light and shadow, and laws of
perspective on static 2D pictures, which would not necessary asso-
ciate with vergence eye movement. Our study demonstrates new
evidence that the 2D video movie would have provided subjects
with unambiguous depth sensation, because continuous vergence
was reliably induced and all the subjects reported immersive depth
sensations particularly in scenes with strong perspectives and/or
fast optic flows. It appeared as if there was a virtual 3D space
around the screen despite the 2D presentation. Thus, our findings
were basically consistent with the view that non-stereoscopic
depth cues induced vergence, and further indicated that vergence
would be a persistent sign of the inner representation of depth
even in a movie world.

Our study provides the first evidence for simultaneous contri-
butions of binocular disparity, optic flow, and pictorial cues on ver-
gence by comparison of these factors within a single experiment. In
both 2D and 3D conditions (Fig. 3a and b), two proximal depth
cues, optic flow and the gaze-area depth did not conflict with each
other. The discovery of persistent vergence during a 2D movie
emphasized the importance of the combination of proximal depth
cues, particularly optic flow and the pictorial perspective cue, for
providing depth sensations in 3D movies. The asymmetric effects
of near and far gaze-area depth on vergence (Fig. 3d) indicate that
divergence by the sensation of farness behind the screen may be
easily and strongly induced by a 2D movie, whereas convergence
by the sensation of nearness in front of the screen might be rather
weak. Therefore, making vivid sensation of nearness in virtual real-
ity should be critically dependent on the crossed binocular dispar-
ity and the expanding optic flow. In contrast, uncross-disparity for
farness might be sufficiently replaced by pictorial perspective cues.
In other words, an excessive uncross-disparity added to perspec-
tive cues and contracting optic flow could accentuate sensation
of farness and cause over-immersive sensation, which might devel-
op several biological effects like motion sickness [3]. These findings
impose significant constraints on creation of effective and safe vir-
tual reality environments.
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Summary

When diffusion-tensor trac-
tography is integrated into

- :Stereotactic radiosurgery. for

brain arteriovenous malfor-
mations adverse events may
be reduced although the
effect on AVM obliteration
rates- is unknown. This study.
compared outcomes of
patients treated with and

- without tractography. The. .. .

integration of tfactography
of the corticospinal tract
significantly reduced motor
comphcatlon without
compromising obliteration
rate.

[N o= NPT TP

Introduction

Stereotactic radiosurgery (SRS) is widely accepted as a treatment
modality for brain disorders including brain neoplasms, vascular

Purpose: To evaluate whether the use of diffusion-tensor tractography (DTT) of the corticosp-
inal tract could reduce motor complications after stereotactic radiosurgery (SRS).

Methods and Materials: Patients with arteriovenous malformation (AVM) in the deep frontal
lobe, deep parietal lobe, basal ganglia, and thalamus who had undergone radiosurgery since
2000 and were followed up for more than 3 years were studied. DTT of the corticospinal tract
had been integrated into treatment planning of SRS since 2004, and the maximum dose received
by the corticospinal tract was attempted to be less than 20 Gy. Treatment outcomes before
(28 patients, Group A) and after (24 patients, Group B) the introduction of this technique were
compared.

Results: There were no statistical differences between the two groups (Group A vs. Group B) in
patients’ age (34 years vs. 33 years, p = 0.76), percentage of patients with hemorrhagic events
before treatment (50% vs. 29%, p = 0.12), or percentage of AVM involving the basal ganglia
and thalamus (36% vs. 46%, p = 0.46). Obliteration rates were 69% and 76% at 4 years in
Groups A and B, respectively (p = 0.68), which were niot significantly different. Motor compli-
cations were observed in 5 patients in Group A (17.9%) but only in 1 patient in Group B (4 2%),
which was significantly less frequent (p = 0.021).

Conclusion: Integrating DTT of the corticospinal tract into treatment planning conmbuted to
reduction of motor complications without compromising the obliteration rate for AVM adjacent
to the corticospinal tract. © 2012 Elsevier Inc.

Keywords: Arteriovenous malformation, Corticospinal tract, Diffusion-tensor tractography,
Morbidity, Stereotactic radiosurgery

lesions, and functional disorders (1—35). Although SRS is known
as one of the least invasive treatment modalities for cerebral
arteriovenous malformations (AVM), the associated risk of
radiation-induced neuropathy occurs in 5—20% of patients
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Fig. 1.

Cerebral angiogram of a patient with right thalamic arteriovenous malformation (left). Treatment planning of radiosurgery with

integration of diffusion-tensor tractography of the corticospinal tract (orange, middle). Cerebral angiogram taken at 36 months after
treatment showed complete obliteration without any adverse event (right).

(3, 6--9), which is not negligible for patients with AVM in deep-
seated eloquent areas. To minimize such risk, we have integrated
tractography of the brain white matter based on diffusion-tensor
magnetic resonance imaging (MRI) into treatment planning of
SRS using the Gamma Knife (10—12). Diffusion tensor tractog-
raphy (DTT), one of the major recent advancements in MRI,
enables clear visualization of various fibers inside the white matter
of the brain that are not visible with conventional imaging
methods (13). Until now, we have used this technology in SRS for
more than 100 patients with AVM in the eloquent areas. However,
it is still not clear whether modification of dose planning based on
DTT has contributed to reduction of associated morbidity or how
much the obliteration rate was affected by it. To clarify these
issues, we analyzed the effect of integrating DTT of the cortico-
spinal tract into treatment planning on neurologic complications
and obliteration rates after SRS.

Methods and Materials
Patients

The data from patients with AVM in the deep frontal lobe, deep
parietal lobe, basal ganglia, and thalamus were retrospectively
analyzed because most of the lesions in these locations were
considered 1o be close to the corticospinal tract and were classified
as the eloguent area. After SRS, it usually takes 3 to 5 years to
achieve radiographic obliteration of the treated AVM nidus (14).
Thus, to evaluate obliteration rates, patients who were followed up
for at least 3 years were included in this study.

‘We analyzed the outcomes in 52 patients with AVM in the deep
frontal lobe, deep parietal lobe, basal ganglia, and thalamus after
January 2000, in whom the same dose planning soft and imaging
methods were used al SRS except for the use of DTT, Between

January 2000 and January 2004, 28 patients were treated without the
use of DTT (Group A). For these patients, after head fixation using
a Leksell stereotactic frame, MRI and cerebral angiography were
performed. Conformal treatment planning was made by the neuro-
surgeon and the radiation oncologist with the sophisticated software
GammaPlan (15). All the patients in this group were treated by using
a margin dose of 20 Gy or more. Since February 2004, we have
begun to integrate DTT of the corticospinal tract, and 24 patients
with those AVM were treated. Diffusion-tensor MRI was obtained
on the day before tremment. Tractography was created from
diffusion-tensor imaging by using freely shared programs, based on
anatomic landmarks as shown in previous studies (10—13).

Standard protocol approval, registration, and
patient consent

The study was approved by the institutional review board at the
University of Tokyo Hospital. Informed consent was obtained
from all patients participating in the study.

Procedures

On the day of treatment, patients were affixed to the stereotactic
coordinate frame and underwent MRI and cerebral angiography.
Then the MRI was registered by using the method as previously
reported (10—12, 16). After the introduction of Gamma Knife 4C in
October 2006, the registration process was automatized (17).
Tractography-integrated images were imported to treatment plan-
ning software on the day of the treatment. Conformal treatment
planning was made by experienced neurosurgeons and radiation
oncologists by using treatment planning sofiware GammaPlan.
Radiotherapy of 15 10 20 Gy (median, 20 Gy) was given to the
margin of the lesions by using 40—50% isodose lines, according to

Table 1 Comparison of characteristics of the patients in Groups A and B

_ Characteristic Group A Group B p value
Number of patients 28 24 —
Patient age (y) (mean, range) 34, §—-64 33, 1164 0.76
Hemorrhage before treatment 14 (50%) 7 (29%) 0.12
Basal ganglia or thalamus 10 (36%) 11 (46%) 0.46
Treated yolume (cm’} (mean, range) 4.8, 02—13.7 7.7, 111224 0.026
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Table 2  Factors associated with angiographically confirmied
obliteration of the arteriovenous malformation nidus after
stereotactic radiosurgery

Factor ... . . p value -
Group A . ) 0.70
Younger patient age - ’ 0.13
Hemorrhage before treatment T 049
- Location other than the basal 0.12
ganglia and thalamus
Smaller treated volume 042

the volume of the nidus. The precise location of the corticospinal
tract was confirmed on treatment planning images, and the
maximum dose received by the corticospinal tract was restricted to
be less than 20 Gy on the basis of previous analyses (Fig. 1) (10—12).

Follow-up and statistical analysis

Serial formal neurologic and radiologic examinations were per-
formed every 6 months after the procedure. The outcomes including
motor complications, other adverse events, and complete oblitera-
tion confirmed by cerebral angiography were compared between
Groups A and B. Statistical analyses were performed using JMP 8
(SAS Institute Inc., Cary, NC). Comparisons of patients’ age, nidus
volume, and follow-up period were performed by two-sample 7 test.
The rate of motor complications and other adverse events and the
actuarial obliteration rate were calculated using the Kaplan-Meier
method, The rates of adverse events and obliteration rates of
patients in both groups were compared using the Cox proportional
hazard model.

Results
Comparison of the two groups

The patient characteristics and treatments in both groups are
summarized in Table 1. There were no statistical difference between
the two groups (Group A vs. Group B) in patients’ age at treatment
(34 years vs. 33 years, p = 0.76), percentage of patients with
hemorrhagic events before treatment (50% vs. 29%), or percentage
of AVM involving the basal ganglia and thalamus (36% vs. 46%, p

= 0.46). The treated volume was significantly smaller (p = 0-026)
in Group A (mean, 4.8 cm®; range, 0.2—13.7 cm®) than in Group B
(mean, 7.7 cm®; range, 1.1—22.4 cm®), and the applied marginal
dose was lower in Group B (mean, 19.6 Gy; range, 15~20 Gy) than
in Group A (mean, 20.2 Gy; range, 20—25 Gy). The median follow-
up period was 62 months (range, 36—113 months) in Group A and
48 months (range, 36—80 months) in Group B (p = 0.004).

~ Nidus obliteration

Angiographically confirmed nidus obliteration rates at 4 years after
SRS was 69% in Group A and 76% in Group B. Integration of DTT
was not significantly associated with obliteration rate (p = 0.68)
(Table 2). Latency interval hemorrhage after treatment occurred in |
patient, in whom no worsening of neurologic symptom was observed.

Complications

During the follow-up period, nreurologic events occurred in 9
patients, 6 in Group A and 3 in Group B (Table 3). In Group A,
transient hemiparesis was observed in 3 patients, permanent
hemiparesis in I, permanent dysesthesia in 1, and both permanent
hemiparesis and dysesthesia in | patient. Modified Rankin' Scale
scores at last follow-up in these 6 patients were 0 in 3 patients, !
in 1 patient, and 2 in 2 patients. In Group B, transient hemiparesis,
permanent dysesthesia, and transient motor aphasia were observed
in 1 patient each. Modified Rankin Scale scores at the last follow-
up in these 4 patients were 0 in 3 patients and 1 in 1 patient.
Deterioration of modified Rankin Scale scores at the last follow-.
up was observed in 3 patients among the 6 patients in Group A
and | patient among 3 patients in Group B. )

When we analyzed factors associated with the risk of neuro-
logic events after SRS, integration of DTT of the corticospinal
tract did not significantly ameliorate the overall risks of any kind
of morbidity (p = 0.18), and involvement of the basal ganglia or
thalamus was solely associated with higher risks (p = 0.007)
(Table 4). .

However, focusing on motor complications, Group A or the use
of DTT of the corticospinal tract was significantly associatéd with
a lower rate of motor complications (p = 0.021) (Table 5).
Namely, it indicated that SRS using DTT of the corticospinal tract
at-dose planning could significantly reduce those risks (5 patients
in Group A vs. 1 in Group B)."

"Table 3 . Characteristics of patients. who experienced neurologic deterioration after stereotactic radiosurgery.

Nidus Margin Timing of Follow-up - Timing of o
: Nidus ~ volume dose obliteration  period Kind of morbidity  MRSat -
Agefsex  Group location (cm®  (Gy) (mo) (mo) morbidity . (mo)  Tast follow-up
26/F A Thalamus 92 20 35 .60  Hemiparesis/idysesthesia 4 2
64M A Frontal Iobe 2.0 20 ND 46 Transient hemiparesis 11 0
24M A Thalamus 25 20 36 39 Permanent dysesthesia 1 1
mwM A Thalamus 12.3 20 39 87 Permanent hemiparesis 11 2
20/F A Basal ganglia 04 20 38 38 Transient hemiparesis 16 0
2M A Frontal lobe 8.5 20 36 36 Transient hemiparesis 16 0
48M B Basal ganglia 129 = 20 44 63 Transient aphasia 2 .0
14/F B Thalamus 53 20 46 46 Permanent dysesthesia 10 I
25/F B Basal ganglia  13.0 18 24 36 Transient hemiparesis 11 0

Abbreviations: MRS = modified Rankin Score; ND = data not available.
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Table 4  Factors associated with any kind of morbidity afler
stereotactic radiosurgery ;

Table 5 Factors associated with motor complications after
stereotactic radiosurgery

Factor p value Factor p value
Group A ' 0.18 Group A 0.021
Older patient age 0.33 Older patient age 0.71
Larger treated volume 0.17 Larger treated volume 0.001
Involvement of the basal ganglia or thalamus 0.007 Inyolvement of the basal ganglia or thalamus 0.065

In the patient who had transient hemiparesis in Group B, the
volume of AVM nidus that was located in the basal ganglia was
relatively large: 13.0 cm®. The lesion was treated with a margin
dose of 18 Gy, and the maximum dose delivered to the cortico-
spinal tract was 17 Gy (Fig. 2).

Discussion

Since the introduction of DTT-integrated SRS, we have partially
modified treatment dose planning at SRS for AVM (10—12. 16) to
restrict the irradiation dose to the adjacent motor fibers, and our
early data suggested that SRS with integration of DTT was likely
1o be useful to prevent radiation-induced adverse events in AVM
patients (10, 11, 18). With the accumulation of cases and the
follow-up in this study, we evaluated the substantial effects of this
technique because two principal concerns still remained
unknown: whether integration of DTT could actually eliminate
the risk of radiation-induced motor complications in any AVM
patients, and how much such dose modifications would affect the
other therapeutic effects such as nidus obliteration rates. Our
results showed that SRS with DTT of the corticospinal tract could
significantly reduce associated radiation-induced motor compli-
cations without affecting the nidus obliteration rates, proving that
it contributes to preventing one of the most undesirable compli-
cations of SRS for AVM.

However,1 patient had a large nidus involving the basal ganglia
and experienced transient hemiparesis after DTT-integrated SRS,
which raised another issue. In this patient, the maximum dose
received by the corticospinal tract was less than 20 Gy, which had
been considered as a tolerable dose to the motor fibers in our
preliminary results (10, 11). Larger nidus volume might have
exposed the larger portion of the corticospinal tract to a relatively
high dose even though the maximum dose did not surpass the
tolerable dose, and this might have caused the hemiparesis. Also,
the motor fibers passing through the internal capsule, close to the
basal ganglia, are assembled in relatively small territories and are
more likely to be affected than are fibers close to the cortical areas
(10), Therefore, we speculate that the maximum dose to the cor-
ticospinal tract is not the only factor in the development of motor
complications after SRS, but the extent of irradiated volume of the
motor fibers and the irradiated part can be also associated with
them as previously analyzed (10).

DTT has been widely used, and its usefulness has been
established especially as a diagnostic tool (19). However, the
major concern with regard to tractography is its reliability. If the
tracts are not shown on the image, that does not always mean that
the fibers do not exist (19, 20). By contrast, it has been shown by
intraoperative fiber stimulation analysis that the tracts seen on
DTT reflect the functioning white matter fibers to some extent
(21). Furthermore, those imaging methods are suitable for SRS
because SRS has no risk of brain shilt cavsed by craniotomy or

Fig. 2. Treatment planning for a patient with right frontal arteriovenous mn.lfomatinn who experienced transient left hemiparesis after
radiosurgery. Long portion of the corticospinal tract (orange) was located adjacent 1o the large nidus,
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tumor removal, which is inevitable in intraoperative appiications
(22).

The obliteration rates in the cohort in this study, which were
69—76 % at 4 years, were relatively low compared with those
previously published (14). Inasmuch as it has been reported that
obliteration rates of deeply located AVM have been low, 57~74%
within 3 to 4 years (8, 23, 24), and that the lesions in.36—46% of
the patients in this study were deeply located AVM, the lower
obliteration rates might be explained by patient selection.

Further accumulation of cases with longer follow-up data is
awaited to evaluate the effect of integrating tractography into Gamma
Knife SRS, but our study disclosed that integrating DTT of the cor-
ticospinal tract into treatment planning at SRS contributed to reduc-
tion of motor complications and achieved safer treatment without
compromising the obliteration rate for AVM adjacent to motor fibers.
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Table 1. Baseline characteristics of 144 patients treated

Age (y) 35(5-17)
Female sex 65 (45)
Details of arteriovenous malformations
Diameter (cm) 2.7 (0.73-7.9)
Small size 89 (62)
Eloguent brain location 66 (46)
Deep venous drainage T4 (51)
Spetzler-Mantin grade 11 (I-V])
Details of radiosurge
Target volume (cm”) 6.9 (0.3-24)
Maximal dose (Gy) 4() (32-50)
Dose to margins (Gy) 20 (15-25)
Follow-up period (mo) 23 (3-72)

Data are number (percentage) or median (range).

2009 were enrolled in this study. All patients were considered as
candidates for integrating tractography, but the integration was
not carried out if a target lesion was considered to be located
more than | cm apart from these fiber tracts and risk of injuring
them was considered to be sufficiently low. Malformations were
located in eloquent brain areas in 66 patients (46%). Detailed
treatment parameters are shown in Table |.

Diffusion tensor magnetic resonance imaging was obtained on
the day before treatment. Traclography was created from diffusion
tensor imaging by using freely shared programs, according to ana-
tomic Jandmarks as shown in previous studies (9-12).

On the day of treatment, patients were affixed to the stereotactic
coordinate frame and underwent stereotactic magnetic resonance
imaging and stereotactic cerebral angiography. Stereotactic mag-
netic resonance imaging and tractography were registered by using
the method reported previously (9-11, 15). After the introduction of
Gamma Knife 4C in October 2006, the registration process was
automated (16). Tractography-integrated images were imported to
treatment planning images on the day of radiosurgery. Conformal
treatment planning was made by experienced neurosurgeons and
radiation oncologists with use of the treatment planning software
GammaPlan (Elekta Instruments AB, Stockholm, Sweden).
Generally 20 Gy was given o the margin of lesions by using 40—
50% isodose lines. Any portion of the anlerior visual pathway and
half of the brainstem were designed to receive no more than 10 Gy.

Volume 82, Number 2, 2012

The precise location of the pyramidal tract (Fig. 1), the optic ra-
diation (Fig. 2), or the arcuate fasciculus was confirmed on treat-
ment planning images, and it was attempted that the maximum
dose received by each fiber was less than 20 Gy, 8 Gy. or 8 Gy
(20 Gy in the frontal fibers), respectively, on the basis of previous
analyses (9-11), though this was not possible in some cases.

Serial formal neurologic and radiologic examination was per-
formed every 6 months after the procedure.

RESULTS

Diffusion tensor-based tractography was prospectively
integrated in 71 (46%) of 155 treatment sessions. Integrated
fiber tracts were the pyramidal tract in 45, the optic radiation
in 22, and the arcuate fasciculus in 13 sessions. including 9
in which two tracts were integrated (the pyramidal tract and
the optic radiation in 2, the pyramidal tract and the arcuate
fasciculus in 3, the optic radiation and the arcuate fasciculus
in 4). The optic radiation could not be depicted in 1 patient,
and only arcuate fasciculus was drawn. Of 71 treatments

. with integration of tractography, the distance between the le-

sion and critical white matter fibers was less than 5 mmin43
(60%); thus, tighter treatment planning was mandatory. Con-
sequently, 39 sessions (55%) necessitated any modification
in treatment planning by reducing the radiation dose to the
visualized tracts, Until December 2007, 38% of treatments
(37 of 98 sessions) were performed with integration of trac-
tography, whereas tractography was integrated for 60% (34
of 57) thereafter. This difference in frequency was statisti-
cally significant according to ¥ test (p = 0.008).

Two patients died of unknown cause after the procedure.
The other 142 patients were followed for 3-72 months (me-
dian, 23 months) after radiosurgery. During this period, tran-
sient speech disturbance was observed in 2 patients. They
were treated before 2007, when we started integrating arcu-
ate fasciculus tractography. One patient with right thalamic
arteriovenous malformation showed gradual worsening of
pre-existing dysesthesia of left upper and lower extremities
after treatment, and this symptom lasted until the last

Fig. 1. Radiosurgical dosimetry of 23-year-old woman with ruptured arteriovenous malformation in the right basal gan-
glia. Dose delivered to the corticospinal tract before referring to tractography (a) was intentionally reduced after its in-

tegration (b).
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Fig. 2. Radiosurgical dosimetry of 33-year-old woman with unruptured arteriovenous malformation in the right occipital
lobe. Dose delivered to the optic radiation before referring to tractography (a) was intentionally reduced after its integra-

tion (b).

foliow-up at 45 months. This was the only patient who devel-
oped permanent morbidity after the prospective integration
of tractography. Another patient exhibited mild transient
hemiparesis 12 months after treatment prospectively inte-
grating pyramidal tractography but fully recovered after ad-
ministration of oral corticosteroid agents. Frequency of
pre-existing epileptic attacks increased in 3 patients, and
new onset of convulsive seizure was observed in 1 patient
after radiosurgery. Nidus obliteration was confirmed by
magnetic resonance imaging or angiography in 42 patients
(29%) until last follow-up. Posttreatment hemorrhage was
observed in 2 patients during 319 patient-years, Neither of
them exhibited radiation-induced neuropathy before their
subsequent hemorrhage. The other patients had no compli-
cations throughout the follow-up period.

DISCUSSION

By integrating diffusion tensor tractography of the brain
white matter to radiosurgery, permanent and transient mor-
bidity could be reliably prevented in our patients with brain
arteriovenous malformations. Although many results of uti-
lizing diffusion tensor—based tractography for diagnostic
purposes have been reported (17), its integration into treat-
ment planning of radiosurgery is our original technique
and has not been performed at any other institute. Therefore,
though this is a retrospective case series, reporting our
results would be the most appropriate means to evaluate its
efficacy.

Although there are a variety of white matter fiber tracts,
we considered that the pyramidal tract would be the most im-
portant tract in preventing morbidity of radiosurgery because
its injury causes motor paresis and leads to decline of activ-
ities of daily living (18, 19). At the same time, the pyramidal
tract was practically the ecasiest one to draw from the
technical point of view (17). The optic radiation and the ar-
cuate fasciculus would be next important and are more diffi-
cult to draw (20, 21). Injury of the optic radiation causes
visual disturbance. Verbal function requires participation

of a distributed neural system in the dominant hemisphere,
and we integrated the arcuate fasciculus tractography to
preserve this function as much as practically possible. For
the time being, we are introducing the above three fracts,
considering them as critical white matter structures to be
preserved. Technical difficulty is also a consideration, as
mentioned above. Confirming above three tracts along
with anatomically identifiable critical structures of the
brain would be sufficient to prevent major disabling
morbidity.

Integration of tractography into intraoperative navigation
was also developed at our institute (13). However, it contains
risks of inevitable brain shift caused by craniotomy or tumor
removal, thus leading to poorer accuracy. On the other hand,
such a shift does not occur in the setting of integration of
tractography into radiosurgery. Therefore, we believe this
would be the most suitable clinical application of diffusion
tensor tractography in treating brain disorders.

QOur study has several potential limitations. Our follow-up
period was not long enough to evaluate late adverse cvents
after radiosurgery (6), although it would be appropriate to
observe carly radiation injury that usually occurs 6 months
1o 2 years after radiosurgery (2, 6). Longer follow-up would
be necessary to investigate whether delayed radiation-
induced neuropathy does not affect our result.

Furthermore, the obliteration rate in this study group was
low, probably because the median follow-up period of 23
months was shorter than that usually necessary for nidus
obliteration, which is 3-5 years (22). One concern is that
obliteration on imaging or subsequent prevention of future
hemorrhage, which is the therapeutic goal of radiosurgery
for arteriovenous malformations, can be compromised by
modification of treatment planning by referring to tractogra-
phy. Therefore, we need to prove, by longer follow-up, that
this technique can provide morbidity prevention without
lowering the obliteration rate.

Another limitation of tractography is its reliability. There
is no guarantee that fibers do not exist where the tracts
is not drawn (17. 23). However, tractography has been
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proven to reflect anatomic pyramidal tract functioning in
intraoperative fiber stimulation analysis (24). Therefore,
as indicated in this study, irradiation while paying attention
to firmly depicted fibers could sufficiently prevent morbid-

ity, and practically this is the besg and the only way to -

prevent morbidity.
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The fact that the rate of tractography integration was
higher in the last 2 years suggests the feasibility and useful-
ness of the procedure. We hope our technigue will also be ap-
plied to future treatment planning software so that even
physicians who are unfamiliar with complicated imaging
processing can utilize our methodology (10).
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The Guidelines for Awake Craniotomy
Guidelines Committee of The Japan Awake Surgery Conference

Preface

Cortical mapping by awake craniotomy has become frequently used worldwide as part of the treatment
strategy for brain lesions located near language areas, However, no systematic guidelines have been es-
tablished for this surgery. The Japan Awake Surgery Conference has now created guidelines for awake
craniotomy for brain lesions near language areas.

The Japan Awake Surgery Conference was established in 2002 for the purpose of continuing research
into neurocognitive functions as well as establishing and promoting safe methods of awake craniotomy.
The 4th annual meeting of this conference decided to establish guidelines for awake craniotomy and or-
ganized a guidelines committee. Members specializing in the fields of neurosurgery, neurology, and
anesthesiology took part in discussions, a systematic review was carried out, and the guidelines com-
mittee attempted to create guidelines in compliance with evidence-based medicine methods as far as
possible. However, the absence of randomized control trials of awake craniotomy forced the guidelines
committee to use “de facto standards” to create the guidelines.

The guidelines consist of three parts: 1) Surgical maneuvers for awake craniotomy, 2) Anesthetic
management for awake craniotomy, and 3) Language assessment during awake craniotomy. The guide-
lines are not intended to override the methods of experienced practitioners, and are not intended to ex-
clude methods other than these included. We hope that these guidelines will improve the safety of
awake surgeries and promote the development of the neuroscience of neurocognitive function.

President of The Japan Awake Surgery Conference

Takamasa KAyaMa, MD

I. SURGICAL MANEUVERS FOR AWAKE CRANIOTOMY

Indications

1. Age
[Recommendation]

While there is no specific upper age limit, an
anesthesiologist, surgeon, and speech therapist
should consider the condition of each patient care-
fully. Surgeons with little experience of awake
craniotomy should try to perform awake surgery
only in patients aged from 15 to 65 years.

[Commentary]

Awake surgery is usually performed in patients
aged from 15 to 65 years. However, patients indicat-
ed for such surgery are not only specified by age. If
the required tasks can be handled correctly, awake

surgery can be performed in persons younger than
15 years and older than 65 years. Patients can un-
dergo such surgery at any age if they are considered
to be suitable candidates after other factors have
been assessed. The cortex is difficult to excite by
electrical stimulation in children aged 7 years or
younger, so they do not fulfill the criteria for cortical
electrical stimulation.” Patients older than 70 years,
who may develop delirium or marked emergent in-
crease in blood pressure, require especial attention.

Reference
1) Berger MS, Ojemann GA, Lettich E: Neurophysiologi-
cal monitoring during astrocytoma surgery. Neu-
rosurg Clin N Am 1: 65-80, 1990

These guidelines are approved by The Japan Neurosurgical Society. The part on anesthetic management is approved by
the Japan Society of Anesthesiology and the part on language assessment during awake craniotomy is approved by the
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2. Diseases
[Recommendation] -

In principle, the indication is for intramedullary
diseases that can be treated surgically.

{Commentary]

Epilepsy without macroscopic demarcation be-
tween the normal brain tissue and the lesion, glioma-
tosis with indistinct borders, and cavernous heman-
giomas that can only be reached through normal
brain regions are typical indications.) Metastatic
brain tumors are sometimes an indication. Ex-
tramedullary tumors such as meningioma are a less
common indication, depending on the case.? For ex-
ample, extramedullary tumor corresponding to
brain disease with extended motor nerve involve-
ment may be an indication.

References

1) Muragaki Y, Maruyama T, Iseki H, Takakura K, Hori
T: [Functional brain mapping and electrophysiologi-
cal monitoring during awake craniotomy for intraaxi-
al brain lesions]. No Shinkei Geka Journal 17: 38-47,
2008 (Japanese)

2) Shinoura N, Yoshida M, Yamada R, Tabei Y, Saito K,
Suzuki Y, Takayama Y, Yagi K: Awake surgery with
continuous motor testing for resection of brain tumors
in the primary motor area. ] Clin Neurosci 16: 188-194,
2009

3. Sites
[Recommendation]

Areas indicated for awake surgery are locations
where surgical procedures may lead to worsening of
neurological symptoms, but can be assessed by the
performance of intraoperative tasks.

{Commentary]

Lesions in and around the anatomical language
areas, lesions in the lateral parietal lobe of the
dominant hemisphere (mainly including the angular
gyrus), lesions adjacent to the arcuate fibers (su-
perior longitudinal fasciculus), lesions adjacent to
the motor cortex, etc.

Awake surgery is indicated for lesions affecting
the triangular and opercular regions of the posterior
part of the inferior frontal gyrus (Brodmann's areas
44 and 45) or the inferior part of the precentral gyrus
with respect to the language motor center, as well as
lesions in the posterior half of the superior, middle,
and inferior temporal gyri of the temporal lobe
(areas 41, 42, 22, and 37) or the supramarginal and
angular gyri of the parietal lobe (areas 40 and 39)
with respect to the sensory language center. Awake
surgery is also indicated for lesions adjacent to the
arcuate fibers (superior longitudinal fasciculus) that

appear to connect the motor and sensory language
areas. The hippocampus is located deep inside the
temporal lobe, and is associated with verbal memo-
ry, and includes the insular gyri.! If a lesion is locat-
ed near any of the above sites in the dominant
hemisphere or if the lesion cannot be confirmed to
affect the nondominant hemisphere, identify the
functional areas by stimulation.

Reference
1) Muragaki Y, Maruyama T, Iseki H, Takakura K, Hori
T: [Functional brain mapping and electrophysiologi-
cal monitoring during awake craniotomy for intraaxi-
al brain lesions). No Shinkei Geka Journal 17: 38-47,
2008 (Japanese)

4. Other indications such as neurological sym-
ptoms
[Recommendation and commentary]

The patient has to participate in awake surgery, so
the patient, assessors, surgeons, and anesthe-
siologists must all fully understand the meaning of
aggressive resection and possible complications,
and be able to recognize whether or not the patient
can tolerate awake anesthesia.

If patients have already developed moderate or se-
vere symptoms, mapping and monitoring are
difficult to perform. For example, patients with im-
pairment of language functions, such as under-
standing, reading, repetition, and object naming, are
not suitable for awake surgery. Among patients who
cannot speak fluently but have no disorders of un-
derstanding, those with minor naming disorders
and decreased word enumeration are candidates,
although severe disorders may develop during sur-
gery.V

Patients with serious intracranial hypertension
and those with serious systemic complications are
not suitable.

Reference
1) Berger MS, Ojemann GA, Lettich E: Neurophysiologi-
cal monitoring during astrocytoma surgery. Neu-
rosurg Clin N Am 1: 65-80, 1980

5. Determination of the dominant hemisphere
[Recommendation]

Performance of a provocation test (Wada test) by
cerebral angiography is desirable. If determination
of the dominant hemisphere is done by noninvasive
tests such as functional magnetic resonance imaging
(EMRI), the therapeutic strategy should be defined af-
ter considering the possibility of pseudolocalization.

[Commentary]
Various advanced procedures such as fMRI, mag-
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netoencephalography (MEG), and near infrared
spectroscopy (NIRS) have been developed as func-
tional tests. These procedures are noninvasive and
have made substantial contributions to neu-
roscience and neurology. However, for decision-
making about surgical resection, the *gold stan-
dard,” which is the most reliable procedure availa-
ble (the procedure used to define the “correct an-
swer” as the standard for comparison with new
procedures), should be used. The gold standards for
identification of the dominant hemisphere, func-
tional areas, and neuronal functions are the provo-
cation test (Wada test), that involves infusion of
anesthetic during cerebral angiography, identifica-
tion of functional sites by electrical stimulation, and
neurological testing, respectively. Although the
anesthetic for the Wada test was amobarbital in the
original proposal, propofol is primarily used these
days because amobarbital is not currently marketed
in Japan.® These “‘gold standard” procedures should
be used despite being more invasive because, if less
invasive but less reliable procedures are used and an
incorrect result is obtained, the invasiveness of sur-
gery may become greater than necessary. Determi-
nation of the dominant hemisphere in patients with
tumors causing compression based on fMRI may
have left-right errors (pseudolocalization) in 14%.9
The surgical strategy largely depends on whether or
not a lesion affects the dominant hemisphere and in-
correct information naturally increases the risk, so
performing the Wada test (the gold standard
preoperative procedure) is considered to be necessa-
ry. Although textbooks state that 99% of right-hand-
ed persons are left hemisphere dominant, a meta-
analysis of 734 patients undergoing the Wada test
{including 121 of our patients)? revealed that the
dominant hemisphere for right-handed persons was
the left hemisphere in 88%, the right in 5%, and both
in 7%.Y The dominant hemisphere determined by
electrical stimulation is the left hemisphere in 91%
and the right in 9%. Thus, around 90% of right-hand-
ed persons are left hemisphere dominant and
around 10% are right hemisphere dominant, which
is not a low prevalence, suggesting that careful at-
tention should be paid during surgery to lesions in
functional areas of the dominant hemisphere. The
results of the Wada test in left-handed people have
shown that the left dominant:right dominant ratio
ranges from 1:1 to 3:1, with a slightly higher rate of
left dominance.

In recent years, the increasing accuracy of nonin-
vasive procedures such as fMRI, MEG, and NIRS
has provided us with more and more knowledge. In
addition, when a gradual transition from invasive to
noninvasive procedures occurs because of the risk

Neurol Med Chir (Tokyo) 52, March, 2012

of complications of cerebral angiography, including
the Wada test, the risk of pseudolocalization should
be accepted. Feedback with respect to comparison
of the results of the Wada test and those of mapping
by electrical stimulation is needed.
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Methods

1. Preoperative treatment
1-1, Status and details of simulation
[Recommendation]

The tasks that will be performed during surgery
should be preoperatively rehearsed in the ward.
Simulation of the surgical posture, equipment set-
up, and role sharing, as well as rehearsal of the tasks
for the patient, surgeons, anesthesiologists, and
other surgical staff (such as nurses) should also be
performed in the operating room.

[Commentary]

For successful intraoperative mapping with
awake anesthesia, it is important to reduce the
patient’s anxiety as much as possible by maintaining
a comfortable environment during surgery. Bring
the patient to the operating room on the day before
surgery, and take enough time to explain what will
be done on the next day (including the posture that
the patient will be placed in by the surgeon,
anesthesiologists, and nurses). Then have the patient
actually adopt that posture. If possible, show the
patient a video of surgery on previous patients for
better understanding. If functional language map-
ping is performed, conduct higher function exami-
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nation before surgery, perform the tasks that will
done during surgery in the ward in advance, and
select intraoperative tasks, for example, by showing
the patient pictures or photographs of common ob-
jects used in object naming and selecting some that
the patient can answer correctly. If there has been a
long interval between examination and surgery in a
patient with progressive symptoms due to a tumor
adjacent to the language areas, the tasks should be
selected immediately before surgery.

1-2. Monitoring of anticonvulsants
[Recommendation]

In patients who are scheduled to undergo awake
surgery, it is desirable to initiate the administration
of anticonvulsants in advance and maintain effec-
tive blood concentrations if enough time is available.
Phenytoin can be administered and the concentra-
tion increased to the upper limit of the effective
range (target level 20 mg/dl) by the day before sur-
gery.

[Commentary]

Even if an effective blood concentration of an an-
ticonvulsant has been maintained since before sur-
gery, there is some risk of convulsions during awake
surgery (as described below). Therefore, sufficient
preoperative antiepileptic drug saturation is desira-
ble to prevent intraoperative convulsions and for
easy drug loading after the onset of convulsions. Re-
garding the selection of drugs, phenytoin is recom-
mended, since intravenous administration can be
performed immediately before or during surgery
when oral administration is not possible, rapid satu-
ration is easy, a steady-state blood concentration can
be obtained after a relatively short time (4-5 days),
and regulation of the blood conceniration is easy.

The bioavailability of phenytoin is high (98%) and
there is little difference between systemic absorp-
tion after intravenous and oral administration. If
there are 3 or more days before surgery, it is desira-
ble to achieve the target blood conceniration by oral
administration to reduce patient discomfort. If rapid
saturation immediately before surgery is selected,
the target blood concentration can be obtained
promptly by intravenous administration of pheny-
toin.

Especially for patients with tumors located near
the motor cortex, after obtaining an adequate
preoperative blood concentration of phenytoin, the
bload level should be monitored every 2 hours dur-
ing surgery. If the concentration is low, intravenous
administration of 250 mg of phenytoin should be
given to raise the concentration to the normal upper
limit {this dose increases the blood level by approxi-

mately 6 mg/dl in a patient weighing 60kg), or
100-200 mg of phenytoin should be given every 4
hours during surgery (this dose will increase the
blood level by approximately 2.4-4.7 mgl/dl in a
patient weighing 60 kg}.

Sixteen (16%) of the 100 patients who underwent
awake surgery at Tokyo Women’s Medical Univer-
sity from 2004 to the present developed seizures un-
der awake conditions, whereas 48 (48%) of these 100
patients had a history of seizures before surgery.
Twelve (24.5%) of the 49 patients with tumors near
the motor cortex developed seizures during awake
surgery and this rate was higher than at other sites.
Occurrence of seizures during awake surgery is de-
fined as clinically obvious convulsions and does not
include patients who only have afterdischarges.

Among the 80% or more of our 100 patients who
had received preoperative antiepileptic drug ther-
apy, patients with lesions near the motor cortex and
a preoperative blood level within or above the effec-
tive range accounted for 70% of patients both with
and without intraoperative convulsions, although
the blood level was not measured in all patients.
Thus, even if the blood level of an antiepileptic drug
is within the effective concentration range, there is
no improvement of the preventative effect against
intraoperative seizures, which is more likely to de-
pend on the conditions of electrical stimulation.

Preoperative phenytoin loading is not performed
at Tokyo Women’s Medical University, so its effica-
cy has not been demonstrated there. Therefore, the
frequency of intraoperative convulsions in patients
with brain lesions at each site should be compared
with that determined at institutions where rapid
preoperative phenytoin saturation is performed to
assess the usefulness of this procedure. It may also
be necessary to assess the conditions employed for
electrical stimulation, especially for the motor cor-
tex, as well as the use of rapid anticonvulsant satura-
tion.

{Saturation]'?

Initial loading dose [mg]: target blood concentra-
tion [mg/dl] X volume of distribution Vd [Jkg] x
body weight [kg] = 20 X 0.7 X body weight [kg]..(a)

Additional loading dose [mg}: {target blood con-
centration — measured value [mg/dl]} X volume of
distribution Vd [l/kg] X body weight [kg] = {20 —
measured value) X 0.7 X body weight [kg]........... ®)

Where target blood concentration is 20 mg/dl, and
Vd is specific value for each drug: phenytoin 0.6-0.8
(approximately 0.7) 'kg.

For example, in a patient weighing 60 kg, the ini-
tial loading dose calculated using (a) is 840 mg,
which is administered as three divided doses every 2
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to 4 hours. This will avoid cardiovascular adverse
reactions such as hypotension, bradycardia, and ar-
rhythmia, as well as gastrointestinal symptoms.
After 12 to 24 hours of administration at the above
dose, initiate therapy at the usual maintenance dose
(200-400 mg/day). Measure the blood concentration
2 to 3 days after finishing the initial loading dose for
oral administration, and at 24 hours after or immedi-
ately before surgery when rapid saturation has been
achieved by intravenous administration, and calcu-
late the additional loading dose using (b).

The saturation period for phenytoin should be wi-
thin the range of 3 to 5 days to avoid the develop-
ment of adverse reactions when the blood level is
maintained at the upper limit of the effective con-
centration range for too long (1 week or more) before
surgery. There have been many reports about
phenytoin-induced skin disorders such as dissemi-
nated erythematous papules after approximately 2
weeks and serious drug-induced hypersensitivity
syndrome after 2 to 6 weeks in most cases.?

Because the protein-binding rate of phenytoin is
high (90-95%), even if the blood level of the drug is
within the effective range in patients who have a low
serum albumin concentration, the concentration of
free drug (not bound to albumin) will be increased
and measured values may not reflect the actual lev-
els. If the serum albumin is 3 g/dl or lower, free
phenytoin should be simultaneously measured or
the effective phenytoin concentration estimated us-
ing the following formula for correction: Measured
phenytoin level/{(0.2 X albumin level) + 0.1} ......(c)

Where target range for free phenytoin is 2 to 2.5
mg/dl.

References
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2. Various intraoperative methods
2-1. Sites and methods of local scalp anesthesia
[Recommendation}

For local anesthesia of the scalp, it is common to
use long-acting local anesthetics in combination
with invasive anesthesia and nerve blocks.

{Commentary]
Analgesia by local anesthesia is often performed
by the combination of infiltration with local
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anesthetic and nerve blocks. At some institutions,
anesthesia is performed only by local injection or
only by nerve block. Long-acting local anesthetics
such as ropivacaine and bupivacaine are often used
and these are combined with lidocaine at some insti-
tutions.” Supraorbital nerve block is used if the skin
incision is primarily located in the frontal region,
whereas auriculotemporal nerve block is used for an
incision in the temporal region. Greater or lesser oc-
cipital nerve blocks can be added to these blocks. If
head fixation is used, an anesthetic is administered
at the sites of the pins in addition to the skin incision
sites. Sufficient anesthetic should be provided at the
pin sites because many patients complain of pain at
these sites during emergence.

Preoperative simulation of temporary pseudo-
emergence can be performed after fixing the head in
a specific posture before the initiation of surgery, to
confirm whether tasks can be performed or whether
there are any problems with the removal and rein-
sertion of a laryngeal mask.1?

References

1) Fukaya C, Katayama Y: [Intraoperative wake up proce-
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2-2. Head fixation and posture setting
[Recommendation]

Successful awake functional brain mapping/
monitoring depends on whether the patient’s
cooperation can be maintained for a long time.
Therefore, head fixation and posture setting are im-
portant to keep the patient in a comfortable position
for a long period.

Although there is no definitive method of head fix-
ation and posture setting, continuous feedback is es-
sential about whether functional brain mapping/
monitoring is successful or not, and whether or not
the patient can comfortably cooperate with surgery
and functional brain mapping/monitoring, and the
surgeon should continue to assess whether the
selected method is correct or not.

The basic procedure is as follows:

i) Preoperative explanation: It is important to cre-
ate an image of surgery for the patient and family. If
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this is not done, the patient will not understand what
to do and how to cocperate, and will be uneasy dur-
ing the surgery. The preoperative explanation
should include basic issues related to brain function-
al differentiation, association of the extent of tumor
invasion with functional areas, neurosurgical proce-
dures, and functional brain mapping/monitoring
procedures, and be illustrated with pictures, slides,
and videos. Also, bring the patient Lo the actual oper-
ating room before surgery, perform head fixation
and posture setling, and allow enough time to per-
form surgical simulation that includes meeting with
the surgeons and nurses.

i1} Head fixation: Whether complete restriction of
movement of the head by pin fixation or to allow
movement of the head by not performing fixation is
better has not been decided. The purpose of surgery
is to safely and reliably resect the tumor, and the
method should be established at each institution that
both maintains patient comfort and allows surgery
to achieve its purpose.

ili) Posture setting: To perform functional map-
ping of motor and sensory areas including function-
al language mapping, craniotomy must extend to
sites that include normal brain tisste as well as the
tumor. A posture that allows the performance of
wide frontal-temporal-parietal craniotomy is gener-
ally used. For posture setting, given that the body
weight is supported by various parts of the body, in-
dividual differences with regard to a comfortable
posture and how painful maintaining the same
posture for a long time can be for patients must be
fully understood. Seiting a posture that is only toler-
able for a short time and attempting to maintain it
for a long time leads to pain at unexpected sites.
How many times the posture can be changed during
surgery and the patient’s desired temperature (hot or
cold) must also be confirmed.

[Commentary on approach without head fixation]
Posture setling

What surprised us most when we visited the insti-
tution of Beérger et al., who are pioneers in the use of
this method for maximum resection of gliomas, is
that Dr. Berger himself took time to carefully set
each patient’s posture with pads that were tailor-
made for size, shape, and thickness. Their stock of
prepared pads and linen was much larger than ours.
Awake surgery provides us with a good opportunity
to realize how inadequate our previous posture set-
ting is for general anesthesia. The following posture
setting and head fixation procedures are basically
according to the method of Berger et al.*-9

Preparation on the day before surgery: Bring the
patient to the actual operaling room on the day be-

Fig. 1 Posture setting in the Department of Neurosur-
gery of Tohoku University.

fore surgery, and take enough time to explain what
will be done on the next day, including posture set-
ting. If is important for the patient to meet the sur-
geons, assistants, anesthesiologists, and nurses. At
that time, detailed explanation of the patient’s patho-
logical condition, and explanation using videos
about tumor resection in combination with awake
functional brain mapping/monitoring should be
provided to the patient {permission for the use of
videos should be obtained because they contain pex-
sonal information). It is as important for the patient
to have an understanding of the surgery as it is for
the surgeons to develop an image of the procedure.

To perform functional mapping of motor and sen-
sory areas, including functional language mapping,
craniotomy needs fo expose normal brain tissue as
well as the tumor. In general, to allow for wide fron-
tal-temporal-parietal craniotomy, the head is tilted
75° to the opposite side. The next section covers
whether head fixation should be performed or not.
Place a large pad supporting the whole body from
the shoulder to the waist to avoid torsion of the
shoulders and head. To improve venous return,
slighily raise the upper part of the bedy. Find the
most comfortable positions for both the upper and
lower extremities, and be careful not to overload any
part of the body. It is desirable to fill litile empty
spaces with small pads. During posture setting,
maintain an environment similar to that during the
actual surgery as far as possible, continue conversa-
tion, and take time to check for the presence or ab-
sence of pain and to be careful not to have any body
part unsupported (Fig. 1).

To perform mapping, you need to have a clear
space in front of the patient's eyes and to have
enough space to place a portable computer within
the vision, which is used for object naming in func-
tional language mapping. At our hospital, this space
is created with L-shaped bars and infusion stands
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