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Brain Necrosis Delay after Stereotactic Radiosurgery

A D iffuse W hite M atter Ischem ic Lesion
Appearing 7 Years after Stereotactic
Radiosurgery for Cerebral Arteriovenous
M alform ations: Case Report
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OBJECTIVE AND

IMPORTANCE: Little
radiation-induced complications occurring more than 5 years after radio-
surgical treatment for arteriovenous malformations.

information is available about

CLINICAL PRESENTATION: We present a patient with arteriovenous mal-

formations who experienced hemimotor weakness caused by a diffuse
white matter necrotic lesion developing 7 years after gamma knife radio-
surgery. The original nidus had been too large (24.1 cm3) to be totally
covered and irradiated with a peripheral dose of 20 to 25 Gy. Therefore,
the lower half of the nidus, which was adjacent to the major feeding
artery, had been partially covered with a 30% isodose volume using two
target points with an 18-mm collimator. A central dose of 70 Gy was used
to obtain 21 Gy at the periphery. Complete nidus obliteration was an-
giographically confirmed 38 months after radiosurgery. After a 6-year
uncomplicated period, this patient experienced a convulsive seizure and

then mild right hemiparesis.

INTERVENTION: Computed tomography demonstrated a diffuse hypodense

area in the left white matter, which had not been revealed by the previous
examination. With steroid treatment, this patient achieved clinical im-
provement, although there was no significant improvement in the com-
puted tomography-demonstrated white matter lesion.

CONCLUSION: Although the evaluation of this patient may not be sufficient

and further examinations may be necessary, we tentatively conclude that
the computed tomography-demonstrated hypodense lesion in this patient
isa radiation-related necrotic lesion. Long-term follow-up is crucial, even
after the "treatment goal” has been achieved. (Neurosurgery 41:1405-

1409, 1997)
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we present another patient with AVMs
who experienced

|[naprevious report (24), we described,

for the first time, postradiosurgical weakness

hemimotor

complications occurring than 5
years after irradiation for cerebral arterio-
Venous malformations (AVMs). Herein,

more

caused by a diffuse white matter ischem ic
lesion developing 7 years after gamma
knife radiosurgery.
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CASE DESCRIPTION

A fter his previous refusal to undergo
surgical resection, this 28-year-old man,
clipping of the feeding ar-
tery had been unsuccessful, underwent
gamma knife radiosurgery for ruptured
left parietal lobe AVMs at the Karolin-
ska Hospital on December 14, 1988
(Fig. 1). At the time of treatment, he had
no neurological deficits. The nidus was
large (24.1 c¢m3, as calculated by
multiplying the three diameters, 4.3, 3.6,
and 3.0, by 0.52, as reported by Pasqualin
et al. [15]) to be totally covered and ir-
radiated with a peripheral dose of 20 to
25 Gy, considered at that time to be the
optimal dose. Therefore, the lower half of
the nidus, which was adjacent to the ma-
jor feeding artery, was partially covered
with a 30% isodose volume using
target points with an 18-mm
(Fig. 2). A central dose of 70 Gy was used
to obtain 21 Gy at the periphery; the real
volume included within the 30% (21.0 Gy)
isodose gradient was estimated to be
12.6 cm3on the basis of the dose-volume
histogram obtained using a KULA sys-
(Elekta Instrument AB, Stockholm,
Sweden) at the time of treatment. On the
day after radiosurgery, two generalized
convulsive seizures occurred. However,
there were neither subsequent changes
in seizure frequency, subsequent bleed-
ing, nor radiation-related com plications
during the 6 years after gamma knife
radiosurgery. Complete obliteration was
angiographically confirmed 38 months af-
ter radiosurgery (Fig. 3).

This patient presented to our facility
with mild right hemiparesis, which had
developed after a convulsive seizure in
of 1995, Computed to-
mography (CT) demonstrated a diffuse
hypodense area in the left white matter,
which had notbeen revealed by the pre-
vious exam ination (Fig. 4). W ith steroid
treatment, the patient showed clinical
improvement within 2 months, despite
the lack of any significant improvement
in the white matter lesion revealed by
CT. The patient was in good condition
until July 4, 1996, when he experienced
another The find-
ings of precontrast-enhanced CT were
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tw o
collimator

tem

mid-December

convulsive seizure.
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FIGURE 1. Anteroposterior (A) and lateral (B) views of angiograms obtained
before radiosurgery.

FIGURE 2. Anteroposterior (A) and lateral (B) views of stereotactic angiograms
obtained at the time of radiosurgery. The thick lines (white in the anteroposterior view
and hlack in the lateral view) show the nidus configuration. The dotted lines (white in
the anteroposterior view and hlack in the lateral view) show the essential part of the
nidus to be included within a target volume. The lines were drawn by a neuroradiolo-
gist. The isodose gradient is superimposed 90, 70, 50, 30, 20, and 10% from the
center.

FIGURE 3. Anteroposterior (A) and lateral (B) views of angiograms obtained 38
months after radiosurgery. Complete nidus obliteration was angiographically con-

firmed, despite the upper part of the AVMs not having been included within the target
volume.

unchanged, and postcontrast-enhanced
CT demonstrated only a slightly en
hanced area within a part of the treated
nidus (Fig. 40; this type of abnormal
enhancement is usually observable for
many years after angiographically cop,
firmed obliteration of AVMs, as we r&-
ported previously (26). Single photo§
emission computed tomography usirg
AmT c-ethyl cysteinate daimer shovvedcgL
hypoperfused area in the left pariet§
region, which was surrounded byé
slightly hyperperfused area (Fig. 5). Pos2
ictally, mild right hemiparesis persisteg\!
and was still persisting as of the end ¢f
August, 1996.

DISCUSSION

au/woo dno-ojw

n

Delayed radiation-induced complic
tions after radiosurgical treatment f§
AVMs, rates of which reportedly ran%
from 3.2 to 12.5%, have been described’
by all investigators using gamma kniv§
(8,9, 12, 14, 16, 19-22), linear acceleratog
systems (1-3, 6, 7, 13, 17), or particlé
beam systems (4, 5, 10, 18). The majoriti
of such complications occurred by n”§
third postradiosurgical year. Previously?2
there were no reports of series of A\A\@
in which delayed radiation-induced cor‘@
plications occurring more than 5 yeas
after irradiation were described. Hov@
ever, as we recently reported (24) &
our series of 38 patients with AVMs
who have been followed for more thaﬁ
5 years after gamma knife radiosu%
gery, we experienced two patients,
(5.0%) with symptomatic complic%
tions that developed 5.5 and 7 year§
respectively, after irradiation. Hereir;r’:
another patient with a late complicg
tion, which developed 7 years afteis
irradiation, is presented.

Based on the neuroimaging findingy
for this patient, the cT-demonstrated
hypodense area, which although diffusg”
was limited to the white matter, w%
considered to be a radiation-induced n%l
crotic lesion. The mechanism of
type of complication has yet to be fully
clarified. We have elsewhere reported
an autopsy case with AVMs treated by
gamma knife radiosurgery, in which
postmortem studies after death that wes
unrelated to the AVMS were conducted
after angiography performed at 2 years

asn
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FIGURE 4. Sequential computed tomographic scans obtained 38 (A), 91 (B), and 92
IC) months after radiosurgery; with (C) and without (A and B) contrast tn ancement

demonstrated complete nidus oblitera-
tion (25). This study disclosed that inti-
mal hypertrophy can occur in a norm al
pial artery that is unrelated to AVMs
because of irradiation of 10 Gy or more
and that more remarkable intimal hy-
pertrophy with fragmentation of the
elastic laminae, or even complete occlu-
sion, can occur in these arteries with 25
Gy. In addition, we have elsewhere re-
ported the case of a patient with AVMs
in whom severe, although asymptom -
atic, stenosis of the middle cerebral ar-
tery trunk had been caused by relatively
low-dose irradiation 3 years after
gamma knife radiosurgery (23). For the
present patient, the irradiation dose to
the affected artery was retrospectively
estimated to be 10 Gy or less. We think
that the changes had progressed in
small arteries of the white matter for
many years after irradiation and that the
diffuse white matter hypodensity even-
tually developed.

Although, because of the partial irra-
diation coverage in the present patient,
the dose-volume analysis may be in-
adequate, the 21.0 Gy-12.6 ¢cm3 point
used exceeds the established 3% risk
of permanent symptom atic brain injury
reported by Kondziolka et al. (11). Sim -
ilarly, the dose-diameter point (21.0 Gy-
3.5 ¢m, which is the maximum diameter
of a 30% isodose gradient) is far above
the 1% risk level for radionecrosis re-
ported by Friedman and Bova (6). The
irradiation dose of 70 Gy selected at the
target center is considered to be high;
today, the central dose used for patients
with AVMs does not exceed 50 to 55 Gy
in the majority of centers using gamma
knives or linear accelerator systems
(3, 6,7, 13, 14, 16, 17, 22). Furthermore,
when this patient underwent gamma
knife radiosurgery, only angiograms
were used for dose planning. In recent
years, however, three-dimensional im -
aging examinations have been widely
used for radiosurgical treatment of
AVMs. Therefore, it is now expected
thatradiosurgery,even for patients with
relatively large AV Ms, is relatively safe
(22). Long-term follow-up, however, is
crucial, even after the "treatment goal,"
as described by Lindquist and Steiner
(12), has been achieved.
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FIGURE 5. Coronal views of single photon emission computed tomographic scans
using ,,,mTc-ethyl cysteinate daimer obtained 92 months after radiosurgery, show-
ing a hypoperfused area in the left parietal region, which was surrounded by a

slightly hyperperfused area.
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