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Abstract
In recent years the multimodal therapy concept has been established

for high-grade intracerebral arteriovenous malformations (AVM). One strat-
egy of a multimodal treatment approach for patients with AVM (Spetzler
grade V) is reported. After endovascular embolization, the patient under-
went radiosurgical treatment of the remaining nidus with a linear accelera-
tor, after which he developed a left-sided hemiparesis in conjunction with
severe edema. Angiographic control 44 months after radiation showed an
occlusion of the radiosurgically treated nidus. The remaining nidus could be
removed by microsurgery. The combination of embolization and radiosur-
gery may provoke prolonged edema and permanent neurological deficits
due to inflammatory perivascular changes.

Copyright © 2001 S. Karger AG, Basel
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Introduction

Three therapy concepts are currently available in the treatment of intracere-
bral arteriovenous malformations (AVMs): microsurgical resection, endovascular
embolization and radiosurgery use either separately or in combination. The com-
bined application of all three types of treatment has recently been used in the
treatment of Spetzler-Martin grade III–V AVMs. Although the results and com-
plications of each process are well established, little is known about the results of
the combination of all three methods. Only sparse reports are available about the
course of the combined clinical treatment approach, particularly concerning the
danger of a possible intensification of reactions caused by radiation and emboliza-
tion.

In the following report a multimodal interdisciplinary treatment of an intra-
cerebral AVM Spetzler grade V with a complicated clinical course will be pre-
sented.

Materials and Methods

Embolizations were carried out via a transfemoral access with standard superselective
catheter systems [1, 2]. Mostly n-butyl-2-cyanoacrylate is used as a tissue glue in combina-
tion with an oily contrast agent (lipiodol) [3].

Since 1991, a stereotactically modified linear accelerator is available for radiosurgery
at the Eberhard-Karls University in Tübingen. A 6 MeV linear accelerator from Philips and
the stereotactic system SRS 200 based on the Cosman-Robert-Wells stereotactic system is
used. It is designed after the Gainesville system, optimizing the precision with the help of a
stereotactic floorstand [4]. Precision of the collimator motion during gantry and table move-
ment is controlled by two bearings, one for the isocentric accuracy of the collimator, the
other for the rotation of the head of the floorstand. A gimbal-type bearing with a sliding
collimator mount avoids any torque transfer from the LINAC head. The linear accelerator
in combination with the floorstand and the CRW-stereotactic system has a precision of
0.3 mm [5]. The target volume in the treatment of AVMs is defined with the help of image
fusion from angiogram, computer tomogram (CT) and magnetic resonance images (MRI).
Depending on the localization and size of the AVM, the nidus dose ranges from 18 to
22 Gy.

Case Report

A 43-year-old patient presented after a secondary generalized seizure. The patient had
focal epilepsy attacks in the left half of the face and the left upper extremity for the prior 19
years. The occurrence of the attacks recently increased to an average of twice per month. At
the time of admission the patient was clinically and neurologically unremarkable. MRI
showed an extensive frontoparietal AVM (fig. 1). The size of the nidus was measured angio-
graphically as 6.1 ! 3.3 ! 4.1 cm.
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Fig. 1. MRI scan showing the large right
frontoparietal AVM before treatment.

Fig. 2. CT scan showing the perifocal ede-
ma after the last embolization, 10 months
before radiosurgery.

Based on these findings, interdisciplinary multimodal therapy was chosen. First, five
endovascular embolizations were carried out via a transfemoral access. As a result of the
embolization, a reduction of the nidus of 25–30% could be obtained. After the last emboliza-
tion, the patient suffered mild paresis of the left lower face. Otherwise the embolizations
were tolerated well. CT scan after embolization showed the rest of the nidus as well as a
perifocal edema (fig. 2).

The patient underwent radiosurgical treatment of the remaining nidus 10 months after
the last embolization. After image fusion and three-dimensional planning, the patient
underwent radiosurgical treatment involving seven arcs around one isocenter with a 32-mm
collimator. The 90% isodose was 18 Gy, and the maximum dose was 20.54 Gy at the center
of the target. Two peripheral nidus parts received only 80% of the isodose. The patient
tolerated the stereotactic radiation with accompanying dexamethasone therapy very well.

Twelve months after irradiation, the patient developed an increasing distal paresis of
the left upper extremity within a period of 6 weeks. An MRI showed a severe space-occupy-
ing right frontoparietal edema (fig. 3). Despite oral dexamethasone, further deterioration of
the neurological status occurred with intensifying of the spastic paresis of the left upper
extremity. In the further course of treatment, CT scans and MRI of the cranium showed a
progressive degeneration of the pyramidal tracts on the right and slow decrease of the perifo-
cal edema over a period of 13 months (fig. 4). The neurological symptoms remained. The
control angiography 44 months after the irradiation showed a complete occlusion of the
nidus encompassed by the 90% isodose. The part which was not included in the primary
radiation field due to its size could still be identified. It showed a rapidly perfused remaining
nidus in the area of the right frontoparietal operculum.
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Fig. 3. MRI scan showing severe edema 12
months after irradiation.

Fig. 4. MRI scan after the edema has re-
solved, showing the remaining nidus.

Therefore, a resection of the remaining nidus and partially obliterated blood vessels via
a right frontoparietal osteoplastic craniotomy was carried out, with no complications. The
symptoms which existed preoperatively remained stable. The postoperative angiogram
showed complete elimination of the right frontoparietal AVM.

The neuropathological review of the resected tissue showed numerous small and large
blood vessels with signs of chronic and partially necrotic inflamed infiltrate, especially in the
are of the embolized vessels where an increase of foreign-body giant cells was noticed. Fur-
thermore, numerous vessels could be found with shattered lamina elastica interna and
media, with inceased collagenous fibers, separated by myofibroblasts as a morphological
correlate of the radiation-induced changes.

Despite intensive physiotherapy the spastic hemiparesis of especially the left arm
remained unchanged 6 years after irradiation.

Discussion

The indication for the treatment of intracerebral AVM is founded on the risk
of morbidity and mortality caused by an intraparenchymal or subarachnoidal
hemorrhage. The therapeutic aim is the complete elimination of the AVM and
therefore the prevention of hemorrhage. The annual risk of hemorrhage of
untreated AVMs varies between 1 and 4% with a mortality rate of 1% [6, 7] in 1
year.
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There are four different concepts of therapies for the treatment of AVMs
available: (1) microsurgical resection, (2) endovascular embolization, (3) stereo-
tactic radiosurgery and (4) the combined interdisciplinary use of these methods.

The total microsurgical resection of AVMs is regarded as a standard therapy
[8, 9]. By using this therapy the risk of hemorrhage is immediately eliminated.
Despite improved microsurgical techniques, there is a high surgical risk associat-
ed with AVMs in functionally important areas. The most important risk factors
are localization, age, preoperative neurological state and size of the AVM [10].
Spetzler and Martin [11] developed a risk score based on the size, location and
venous drainage. Low-grade AVMs (Spetzler grades I and II) should be directly
treated operatively [9, 12].

The risk in extensive malformations limits operative success, but it can be
improved by preoperative embolization [13]. The complete obliteration succeeds
only in about 5–10% of the angiomas. If no further therapy follows a partial
embolization, recanalization of the embolized angioma can occur [14]. This
method can only be used as an unaccompanied therapy if the possibility of having
a selective localization of the catheter of a single vessel or all the supplying vessels
exists. In a partial reduction, a microsurgical resection or a radiological oblitera-
tion of the remaining nidus has to be undertaken.

The third option of therapy is stereotactic radiosurgery, which uses the effect
of ionizing radiation on the endothelium of the vessels [15]. A specific disadvan-
tage is the latent period which is needed for the complete obliteration of the mal-
formation. AVMs with a nidus size below 3.5 cm which are difficult or not at all
surgically accessible are most suitable for radiosurgical treatment [17].

For the treatment of widespread AVMs (Spetzler grades IV and V) situated
in eloquent brain areas, the choice of stereotactic radiosurgery with microsurgical
and/or endovascular procedures is the most effective treatment. This strategy of
treatment is carried out over a period of several years [18].

In radiosurgery, however, the volume of the intracerebral AVM is an impor-
tant variable regarding the occlusion and complication rates [19]. While the occlu-
sion rate falls significantly below a dosage of 16–18 Gy, the complication rate
clearly rises at a dosage above 25 Gy and a nidus size above 3.0 cm.

Because the dose-volume-tolerance relationship is crucial for the occurrence
of complications and the chance of reducing the nidus size by endovascular
embolization, the combination of embolization and radiosurgery is often most
effective [20, 21].

In spite of the low dose that was chosen, the presented patient showed a
severe and continuous perifocal edema due to disturbance of the blood-brain bar-
rier with hemiparesis 12 months after irradiation (fig. 3). The MRI showed degen-
eration of the pyramidal tracts on the right-hand side.
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An edema which typically occurs 5–20 months after irradiation and resolves
in the following 2–14 months is a well-known phenomenon in radiosurgery [22].
Subsequent complications due to radiation have been reported from all radiosur-
gical teams. The complication rate ranges between 2 and 5% [22–26]. Depending
on the localization of the lesion, the edema may become symptomatic [27].

Brothers et al. [28] described in detail histopathological changes after endo-
vascular embolization with Histoacryl in animal research over a period of 2
months. An acute and sometimes necrotic arteritis occurred, which developed
into chronic granulomatous arteritis in the course of 1 month. There may also be
intramural hemorrhage and necrosis, distortion of the lamina interna, extraction
of the material used for embolization and recanalization.

Klara et al. [29] also observed in ten embolized AVMs inflammation changes
in the area of the embolized vessels, which could be detected up to over 1 year
after the embolization. Gruber et al. [30] described these inflammatory processes
over a period of 4.5 years after the embolization.

The histopathological changes after radiosurgery are different from the
inflammation changes after embolization, and are mainly characterized by endo-
thelial proliferating reactions. Schneider et al. [31] showed that radiosurgical
treatment leads to a change of the endothelium over a period of 1–3 years which
induces a proliferation of muscles and also an increased collagen synthesis in the
intima, which causes a progressive stenosis and an obliteration of the AVM
treated radiosurgically. Similar results have also been reported by Chang et al.
[32] and Szeifert et al. [33]. All changes caused by radiation appeared in a period
of 1–3 years, after which no further pathological changes could be detected. This
has also been reported by Steinberg et al. [23]. Doses below 20 Gy showed minor
changes, whereas doses above 30 Gy caused major damage induced by the radio-
surgery.

The neuropathological assessment in the previously reported case showed
changes caused by radiosurgery with heavily fibrosed vascular walls, as well as
chronic inflammatory changes in the area of the prior embolized vessels with
foreign giant cell reactions. Regarding the long-lasting edema, as described in the
case report, a summation of the inflammatory and vascular occluding effects
might be responsible for the severe course.
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