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Analysis of X-knife and surgery in
treatment of arteriovenous malformation of
brain

ABSTRACT

Background: The goal of treatment in arteriovenous malformation (AVM) is total obliteration of the AVM, restoration of normal cerebral
function, and preservation of life and neurological function.

Aim: To analyze the results of X-knife and surgery for AVM of the brain. The endpoints for success or failure were as follows: success was
defined as angiographic obliteration and failure as residual lesion, requiring retreatment, or death due to hemorrhage from the AVM.

Materials and Methods: From May 2002 to May 2007, 54 patients were enrolled for this study. Grade | AVM was seen in 9%, grade
Il'in 43%, grade Ill in 26%, grade IV in 9%, and grade V in 13%. Thirty-eight patients were treated by microsurgical resection out
of which Grade | was seen in 5 patients, Grade Il was seen in 17 patients, Grade Ill was seen in 9 patients and Grade V was seen in
7 patients. Rest of the sixteen patients were treated by linear accelerator radiosurgery out of which Grade Il was seen in 6 patients,
Grade Ill was seen in 5 patients and Grade IV was seen in 5 patients. The follow up was in range of 3-63 months. In follow up, digital
subtraction angiography/ magnetic resonance angiography (DSA/MRA) was performed 3 months after surgery and 1 year and 2 years

after stereotactic radiosurgery (SRS).

Results: Among the patients treated with X-knife, 12/16 (75%) had proven angiographic obliteration. Complications were seen in
4/16 (25%) patients. Among the patients treated with microsurgical resection, 23/38 (61%) had proven angiographic obliteration.
Complications (both intraoperative and postoperative) were seen in 19/38 (50%) patients.

Conclusions: Sixty-one percent of patients were candidates for surgical resection. X-knife is a good modality of treatment for a low-
grade AVM situated in eloquent areas of the brain and also for high-grade AVMs, when the surgical risk and morbidity is high.
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INTRODUCTION

Arteriovenous malformation (AVM) is a vascular
anomaly consisting of a fistulous connection of
arteries and veins without the normal intervening
capillary beds. It is present in 0.2—0.8% of the
general population and accounts for 2% of all
strokes and 38% of intracranial hemorrhage (ICH) in
patients between 15—45 years. Natural studies have
indicated that the yearly rate of first hemorrhage
is 2-3%, with a mortality of 10-30% and a 6% risk
of recurrent bleeding in the first year and 21% risk
thereafter. Fortunately, development and refinement
of microsurgical, interventional, neuroradiological,
and radiosurgical techniques now provide multiple
options for AVM management.'*

The goal of all these modalities is total obliteration
of the AVM, restoration of normal cerebral function,
and preservation of life and neurological function.
Success with any of these modalities is defined as
complete obliteration of the AVM which, according
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to Lindquist and Steiner, is an angiographic
appearance with ‘normal circulation time, complete
absence of pathological vessels in the former
nidus of malformation, and the disappearance or
normalization of draining veins from the area.’
Steinberg et al. defined obliteration as the absence
of any angiographically visible arteriovenous
shunt. Radiosurgery is believed to result in AVM
obliteration via endothelial cell proliferation,
progressive vessel wall thickening, and eventual
luminal closure.

Aim

To analyze and compare the results of X-knife and
surgery in the treatment of AVM of the brain.
Successful treatment was defined as angiographic
obliteration and failure as residual lesion, requiring
retreatment, or death due to AVM hemorrhage.

MATERIALS AND METHODS

From May 2002 to May 2007, 54 patients were
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enrolled for this study. Out of the 54 patients, 43 were male
and 11 were female. The age of patients ranged from 12-70
years. The patients had varied clinical presentations: seizures
in twenty four patients, ICH or intraventricular hemorrhage in
twenty patients, headache in eight patients, focal neurological
deficit in two patients, and altered higher mental functions
in four patients.

Commonly done investigations were CT brain, MRI brain, MRA,
CT angiography, and four-vessel DSA. These investigations were
also repeated as necessary at follow-up before categorizing the
end result as ‘success’ or ‘failure.’

The different sites involved, as identified by radiological
investigations, were parietal in thirteen patients, frontal in
twelve patients, temporal in ten patients, cerebellar in eight
patients, parietooccipital in seven patients, and the basal
ganglia and thalamic region in two patients each.

All these lesions were then graded according to the Spetzler
and Martin grading system as shown in Table 1. Out of 54
patients, 38 underwent surgery and 16 had linear accelerator
stereotactic radiosurgery (SRS). Majority of the patients were
taken for surgery as these patients were initially approached
by neurosurgeon for their symptoms.

Briefly, the steps in surgery are as follows: With the help of an
operating microscope the most commonly used technique is
marginal resection. At their point of entrance into the AVM the
feeding arteries are interrupted. One draining vein is preserved
until resection is nearly complete. The major feeding arteries
supplying distal cortical tissue are also preserved. Meticulous
hemostasis is maintained. The procedure is terminated if
significant edema appears. Larger lesions in frontal and
temporal poles and the cerebellar hemisphere may be removed
by en block resection. AVMs associated with ICH are preferably
treated 3 weeks after the bleed.

The steps of the stereotactic procedure in brief are as follows:
With the help of the neurosurgeon the stereotactic frame
is applied. The patient is then shifted to the CT simulator
where, after proper positioning of the patient, the depth
helmet is applied. At least two persons should take readings
with the depth helmet. The CT localizer frame is then applied,
after which patient undergoes thin-sliced high-resolution CT
imaging. This is shown in Figure 1.

The localizer gives rise to the appearance of fiducial points
(white dots) on the images. Images are transferred to the
treatment planning computer through network (PACS), after
which the images are aligned and the structures reconstructed

Table 1: Spetzler-Martin grading system.

Grade | ] n v Vv
Surgery 5 17 9 - 7
SRS - 6 5 5 -
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Figure 1: Patient with stereotactic frame

using the fiducial points. Target contouring is done by the
radiotherapists and then the physicists generate an adequate
plan by selecting a proper isocentre in the target volume
center. The collimator size that can cover the target volume is
decided. Arcs selection is done, which is mostly non-coplanar.
The isodoses are seen and the dose is prescribed at the
satisfactory isodose line, which is generally the 90% isodose
line. The dose is usually in the range of 15-17 Gy. The number
of isocenters was two in three cases and one in the rest of the
cases. Most commonly, the numbers of arcs used were 4-8.
This is shown in Figure 2.

Observation and analysis
After the procedure, patients were kept on regular follow-up.
The follow-up period was 3—-63 months. All patients were asked

Figure 2: Patient on treatment table

Table 2: Results of surgical treatment

AVM grade No. of cases Operative results
Morbidity Mortality

| 05 0 0

Il 17 0 0

] 09 5 0

[\ - - -

\ 07 2 5

AVM: Arteriovenous malformation
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Table 3: Results of X-knife

Table 4: Comparison of series using X-knife

AVM grade No. of cases SRS results
Morbidity Mortality

I - R

Il 06 - -

1 05 1 1

v 05 1 1

Vv - - -

AVM: Arteriovenous malformation

to have clinical and radiological (CT/MRI) assessment every 6
months. DSA/MRA was performed 3 months after surgery and
at 1 and 2 years after SRS.

Results of surgery

Angiographic control was possible in 23 out of 38 patients
[Table 2]. The complications met with in the surgical setup
can be divided broadly into intraoperative and postoperative
complications. The most commonly seen intraoperative
complications were AVM rupture (seen in seven patients) and
resection of functional brain (leading to neurological deficits)
in six patients. The most commonly seen postoperative
complications were arterial-capillary-venous hypertensive
syndrome in two patients and CSF leak in four patients.

RESULTS OF X-KNIFE

For patients treated with X-knife, 12 out of 16 (75%) had
angiographic obliteration [Table 3]. The complications seen
with the X-knife treatment were acute morbidity in two
patients: hemorrhage and radiation necrosis in one patient
each.

DISCUSSION

An AVM is a complex network of vascular channels consisting
of arterial feeders, an AVM nidus, and enlarged venous outflow
channels, all of which are demonstrable at angiography.
Successful AVM management is dependent upon the lesion
and location, the hemodynamics and morphology, the patient’s
clinical condition,” and the treatment modalities selected. The
goal of all these modalities is total obliteration of the AVM,
restoration of normal cerebral function, and preservation of
life and neurological function.

The results obtained by microsurgery and interventional
neuroradiology have progressively improved over the past
20 years. Radiosurgery is a very good alternative treatment
in certain AVMs because of its low incidence of treatment-
related morbidity, especially in eloquent brain locations. The
basic idea of obtaining a progressive obliterating process in
nidus vessels by focusing a high radiation dose has proved
to be safe and effective irrespective of the device used; these
devices include gamma knife, cyclothrone, and modified linear
accelerators.*4

Using gamma knife technology, researchers at the University
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Study Patients Dose 2-Year obliteration
rate (%)
Friedman et al. 158 15-18 Gy 78
Colombo et al. 97 18-40 Gy 75
Betli et al. 66 Up to 40 Gy 66
Souhami et al. 33 50-55Gy 62
Loeffler et al. 16 15-25 Gy 73
Our study 16 15-17 Gy 75

of Pittsburgh have demonstrated 2-year obliteration rates of
100% for lesions smaller than 1 cm in diameter, 85% for those
1-4 cm in diameter, and 58% for lesions larger than 4 cm.
SRS using modified linear accelerators yield 2-year complete
obliteration rates in the range of 29.4-84%.

The LINAC system has Cerro-bend collimators ranging from 5
to 40 mm in diameter, with 2-mm increments. This wide range
in collimator size makes it possible to treat any AVM in that
size range with a homogeneous dose of radiation, and larger
AVMs with one, as opposed to multiple, isocenters.

Accelerated charged particles such as protons and helium ions
have quite distinctive properties that are used for stereotactic
irradiation but because of the cost of installation they are not
widely available.

The recent advances in the field of intravascular embolization
have also been of help. Embolization prior to surgical
procedures made inoperable large lesions more amenable
to surgery or SRS. In many institutes where facilities for
embolization are available, combined modalities including
embolization, microsurgical resection and Linear Accelerator
Radiosurgery have also been tried.

In the large majority of the cases, the decision on the treatment
modality to be adopted is often open to discussion. Success
with any modality means complete obliteration of the AVM;
Lindquist and Steiner define complete obliteration as: an
angiographic appearance with ‘normal circulation time,
complete absence of pathological vessels in the former nidus
of malformation, and the disappearance or normalization of
draining veins from area.’ Steinberg et al. defined obliteration
as the absence of any angiographically visible arteriovenous
shunt. Table 4 shows a comparison of our results with the
series of studies made so far in the treatment of AVM. The
doses we used were in the range of 15-17 Gy and the 2-year
obliteration rate was 75%.

CONCLUSIONS

Sixty-one percent patients with grade I and II lesions, in
whom the surgical risks were low or nil, were candidates
for surgical resection. X-knife is a good treatment modality
for low-grade AVM that are in eloquent areas and also in
high-grade AVMs where the surgical risk and morbidity is
relatively high.
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