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Microsurgery of Intracranial
Arteriovenous
Malformations:

Results in 46 Patients

Intrakraniyal Arteriovenéz
Malformasyonlarin Mikrocerrahisi:
46 Hastanin Sonuclari

ABSTRACT

OBJECTIVE: To assess the importance of microsurgery in 46 consecutive patients with
intracranial arteriovenous malformations (AVMs).

METHODS: Forty-six patients underwent microsurgical removal of their AVMs in our
clinic from 1992 to 2003. There were 26 males and 20 females. Thirty-two patients (69.5%)
presented with hemorrhage. Three patients had associated aneurysms. Their presentation,
pre-operative neurological status, post-operative outcome and determinants of post-
operative outcome were analyzed.

RESULTS: Post-operative mortality was 6.5% and morbidity was 8.7%. Neurological
improvement was observed in 9 patients (19.6%). Of 43 patients having control
angiographies, 38 had angiographically confirmed total removal of their AVMs. Three
patients were reoperated. We advised embolization to one patient and radiosurgery to
another one. Three associated aneurysms were clipped in the same session. The pre-
operative neurological status, Spetzler-Martin grade of AVM and the presence of
hemorrhage were found to be determinative factors about outcome.

CONCLUSION: Microsurgery is an effective treatment with reasonable safety for the
majority of AVMs. Microsurgical removal also provides immediate protection against the
risk of serious hemorrhage .
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0z
AMAG: Intrakraniyal arteriovenéz malformasyonu (AVM) olan 46 hastada
mikrocerrahinin etkisini degerlendirmek.

YONTEM: Klinigimizde 1992-2003 yillar1 arasinda toplam 46 hastanin AVM'si
mikrocerrahi yontemle ¢ikartildi. Olgularin 26's1 erkek, 20'si kadindi. Otuz iki hasta
(%69.5) kanama ile basvurdu. Ug hastada eslik eden anevrizma vardi. Hastalarin basvuru
sikayetleri, preoperatif norolojik durumlari, AVM'lerin Spetzler-Martin dereceleri,
postoperatif sonuglar: ve sonucu etkileyen faktérler incelendi.

BULGULAR: Postoperatif mortalite %6.5, morbidite %8.7 idi. Dokuz hastada (%19.6)
nérolojik iyilesme gozlendi. Kontrol anjiografileri olan 43 hastanin 38'inde AVM'lerin total
cikartildigr goriildii. Ug hasta tekrar ameliyat edildi. Bir hastaya embolizasyon, digerine
radyocerrahi onerildi. Eslik eden ii¢ anevrizma aymi seansta kliplendi. Preoperatif
norolojik durumun, AVM'nin Spetzler-Martin derecesinin ve kanamanin varliginin
sonucu etkileyen faktorler oldugu saptandi.

SONUC: Mikrocerrahi AVM'lerin ¢ogunda giivenli ve etkilidir. Ayrica ciddi kanama
tehlikesine kars1 hemen korunmayi saglar.
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kanama
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INTRODUCTION

Intracranial arteriovenous malformations (AVMs)
are among the most challenging entities that confront
neurosurgeons. These complex vascular lesions
remain among the most difficult lesions to treat. The
current treatment options are microsurgery,
radiosurgery and endovascular intervention, either
alone or in conjunction with each other. Therapeutic
decisions for brain AVMs are commonly based on a
comparison between the risks of the natural course of
the lesion and the risks of the various treatment
modalities (2, 15, 16, 28). Successful treatment of
brain AVMs requires extensive preoperative
planning, multimodality treatment options and
postoperative surgical care. The surgical treatment of
AVMs of the brain is primarily intended to eliminate
the continued risk of serious hemorrhage and
progressive neurological deterioration. The goal is to
resect the AVM without interfering with the normal
vascular supply and intact neural tissue. In this study
we report our experience with 46 patients who
underwent microsurgical AVM resection.

MATERIAL AND METHODS

Forty-six cases with intracranial AVMs treated by
microsurgery over a period of 11 years (from 1992 to
2003) were reviewed retrospectively. There were 26
males (56.5%) and 20 females (43.5%) with ages
ranging from 8 to 73 years (mean 37). Thirty-two

patients (69.5%) presented with hemorrhage
(intraparenchymal hematoma in 24 cases,
intraventricular bleeding in 5 cases and

subarachnoid hemorrhage in 3 cases), 7 patients
(15.2%) with seizure, 5 patients (10.8%) with
headache and 2 patients (4.3%) with ischemic
neurological deficits (Table I). The localization of
these AVMs is outlined in Table II. The patients’
clinical status at the time of surgery was assessed in
three grades (Grade 1: neurologically normal, Grade
2: minor neurological deficits, Grade 3: major
neurological deficits) using the scale described
before. Twenty-two patients (47.8%) were

Table I. Presentation of patients

Hemorrhage 32 (69.5%)
Epilepsy 7 (15.2%)
Headache 5 (10.8%)
Ischemia 2 (43%)
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Table II. Localization of AVMs

Frontal 10 (21.8%)
Parietal 9 (19.6%)
Occipital 9 (19.6%)
Temporal 4 (8.7%)
Sylvian 2 (4.3%)
Paraventricular 4 (8.7%)
Parasagittal 4 (8.7%)
Thalamic 2 (4.3%)
Cerebellar 2 (4.3%)

neurologically normal, 15 patients (32.6%) had minor
deficits and 9 patients (19.6%) had major deficits. All
had computed tomography and cerebral
angiography, and 37 patients had magnetic resonance
imaging. Table III summarizes the classification
according to the Spetzler-Martin grading system. Of
all AVMs, 4 (8.7%) were Grade 1, 14 (30.4%) were
Grade 2, 17 (37.0%) were Grade 3, 7 (15.2%) were
Grade 4 and 4 (8.7%) were Grade 5. Two patients had
aneurysms of the feeding arteries (one patient had a
distal middle cerebral artery aneurysm and the other
had a distal posterior cerebral artery aneurysm) and
one patient had a posterior inferior cerebellar artery
(PICA) aneurysm in association with AVMs. One
patient underwent endovascular embolization two
times, 21 and 18 months before surgery. The mean
time interval between hemorrhage and surgery was
24 days (4 days to 6 months) in cases with

Table III: Classification according to the Spetzler-
Martin grading system

AVM diameter
Small (< 3cm) 17
Medium (3-6cm) 22
Large (> 6cm) 7
Deep venous drainage 17
Eloquent location 29
Spetzler- Martin score
1 4
2 14
3 17
4
5
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hemorrhage. All patients underwent microsurgical
excision of AVMs and the associated aneurysms were
clipped during the same session; craniotomy was
performed for a PICA aneurysm. Forty-three patients
had angiography 2 weeks postoperatively. Forty-one
of these 43 patients were followed postoperatively
for at least 6 months. The mean follow-up period was
52 months with a range of 6 months to 11 years.
Statistical analysis was with the Statistical Package
for Social Sciences (SPSS) for Windows, version 10.0.
Mc Nemar’s test and Kappa coefficient were used for
analyzing the concordance of outcomes with
preoperative neurological status and Spetzler-Martin
grade of AVMs. The chi-square test was used for the
analysis of outcomes according to the presence of
hemorrhage.

RESULTS

Postoperative mortality was 6.5% (3 of 46 cases).
One patient whose AVM was Spetzler-Martin Grade
5, died two days after the surgery because of diffuse
brain edema. Two patients died as a result of
systemic diseases; one who had bronchial asthma
preoperatively died from acute respiratory distress
syndrome three months after the surgery, and one
patient with chronic renal disease died from renal
failure a month after the surgery.

Postoperative angiographies of 43 patients
showed complete removal of AVMs in 38 patients.
Three of them were reoperated on and postoperative
angiography ensured complete removal of the
residual malformation. We advised radiosurgery to
one patient and endovascular embolization to
another one; both were lost to follow-up.

Table IV shows the neurological status of 43
patients at postoperative 6 months. Postoperatively, 4
patients (8.7%) had new neurological deficits.
Neurological improvement was observed in 9
patients (19.6%). Except the mortality, there is a
statistical concordance (correlation) between the
patients’ clinical condition at the time of surgery and
neurological outcome (p>0.05 in Mc Nemar’s test,
Kappa coefficient=0.511). Preoperative neurological
status was found to be a determinative factor about
outcome.

Comparison of the postoperative neurological
outcome according to the Spetzler-Martin grade is
outlined in Table V. Postoperative outcome was

Table IV. Neurological status of patients, both
preoperative and postoperative, at 6 months*

Preop. neurological | Postop. neurological status

status (number

of cases) Grade 1 | Grade 2 | Grade 3 Exitus
Grade 1 (22) 15 3 1 3
Grade 2 (15) 3 12 0 0
Grade 3 9 3 3 3 0
Total (46) 21 18 4 3

*p>0.05 in Mc Nemar’s test, Kappa coefficient=0.511

Table V. Comparison of postoperative status
according to the Spetzler-Martin grade*

Spetzler-Martin No Mimor Major

(number of cases) | deficit deficit deficit Exitus
1 4) 4 0 0 0

2 (14) 7 7 0 0

3 17) 4 10 2 i

4 (7) 4 0 2 1

5 ) 2 1 0 1
Total (46) 21 18 4 3

*p>0.05 in Mc Nemar’s test, Kappa coefficient=0.250
** These patients died because of systemic diseases.

concordant with the Spetzler-Martin grade of the
AVMs (p>0.05 in Mc Nemar’s test, Kappa
coefficient=0.250). The neurological deficits increased
in correlation with the Spetzler-Martin grade of the
AVMs.

When analyzing both the preoperative and the
postoperative neurological condition according to the
presence of hemorrhage (Table VI), there was a
statistical significance between the patients with
hemorrhage and the group having no hemorrhage
(p<0.001).

Table VI. Comparison of postoperative neurological
status according to the presence of hemorrhage*
Group A: Patients with hemorrhage

Preop. neurological | Postop. neurological status

status (number

of cases) Grade 1 | Grade 2 | Grade 3 Exitus
Grade 1 ) 3 2 1 3
Grade2 (14) 3 11 0 0
Grade 3 9 3 3 3 0
Total (32) 9 16 4 3
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Table VI. Comparison of postoperative neurological
status according to the presence of hemorrhage*
Group B: Patients with no hemorrhage

Preop. neurological | Postop. neurological status
status (number
of cases) Grade 1 | Grade 2 | Grade 3 Exitus
Grade 1 (13) 12 1 0 0
Grade 2 1) 0 1 0 0
Grade 3 0) 0 0 0 0
Total (14) 11 3 0 0

* p<0.001

Illustrative Cases

Case 1: This 27-year-old male patient presented
with a right fronto-parietal intracerebral hemorrhage
with clinical signs of unconsciousness and left-sided
hemiparesis. Angiography showed a right
frontoparietal AVM with a nidus 7 cm in diameter,
supplied by branches from the right anterior cerebral
artery (ACA) and middle cerebral artery (MCA) and
draining into the superior sagittal sinus, transverse
sinus and internal cerebral vein (Figure 1). The
patient improved clinically and was operated 10 days
after the hemorrhage. The AVM was excised totally
and post-operative angiography showed no evidence
of residual malformation (Figure 2).

Case 2: This 22-year-old female patient presented
with generalized tonic-clonic epileptic seizures.
Physical and neurological examinations were

Figure 1: Pre-operative axial CT and right internal carotid
artery angiography of Case 1 showing Spetzler-Martin
Grade 5 AVM.
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Figure 2: Post-operative angiography of right internal
carotid artery of Case 1 showing complete removal of AVM.

normal. MRI revealed right parietal AVM. Cerebral
angiography showed right parietal AVM with a
diameter of 4cm, feeding from the right ACA, MCA
and posterior cerebral artery (PCA) and draining into
the superior sagittal sinus and transverse sinus
(Figure 3). The patient was operated and the AVM
was resected totally. Post-operative angiography
result is shown in (Figure 4).

Figure 3: Pre-operative T2-weighted MR and angiography
of right internal carotid artery and left vertebral artery of
Case 2 showing Spetzler-Martin Grade 4 AVM.

Case 3: This 31-year-old male patient was
admitted to the emergency clinic with a history of loss
of consciousness. His Glasgow Coma Score (GCS)
was 11 (E3M5V3). The CT scan showed a right
cerebellar hematoma. After clinical improvement in a
few days, cerebral angiography was performed and
showed a right cerebellar AVM with a nidus 3.5 cm in
diameter, feeding from the right PICA and draining
into right sigmoid sinus (Figure 5). It was resected
totally on the 11th day after admission. Post-operative
angiography showed complete removal (Figure 6).
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Figure 4: Post-operative angiography of right internal
carotid artery and left vertebral artery of Case 2 showing no
residual malformation.

Figure 5: Pre-operative angiography of right vertebral
artery of Case 3 showing Spetzler-Martin Grade 4 AVM.

artery of Case 3 showing complete removal of AVM.

Case 4: This 29 year-old female patient had
complaints of acute onset of severe headache, nausea
and vomiting. Neurological examination revealed
right homonymous hemianopsia and right-sided
hemiparesis. Left occipital intracerebral hematoma
was seen on the CT scan. Cerebral angiography
demonstrated left occipital AVM with a diameter of
4cm, feeding from the distal branches of the MCA
and draining into the transverse sinus, together with
a coincidental left PICA aneurysm (Figure 7). The
AVM was totally excised during surgery and the

Figure 6: Post-operative angiography of right vertebral

aneurysm was clipped in the same session via

another craniotomy. Post-operative cerebral

angiography showed no residual malformation
(Figure 8).

Figure 7: Pre-operative axial CT and left internal carotid
artery and left vertebral artery angiography of Case 4
showing Spetzler-Martin Grade 3 AVM and left PICA
aneurysm.

Figure 8: Post -operative axial CT and left internal carotid
artery and left vertebral artery angiography of Case 4
showing aneurysm clip and no residual malformation.

DISCUSSION

The primary indication to treat an AVM is to
prevent a serious hemorrhage and its associated
morbidity and mortality. The management options
currently include microsurgery, radiosurgery and
endovascular interventions, either alone or in
combination (2-5, 7, 10-12, 15, 16, 18, 20-23, 25, 28, 29).
The main goal in the treatment of a brain AVM is
simply complete removal or occlusion of the
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malformation and restoration of normal cerebral
blood flow with reasonable safety.

There is still no perfect classification for AVMs.
We prefer the Spetzler-Martin grading system which
is used to grade AVMs according to size, location and
venous drainage (24). This grading system has, for
over a decade, served as a mode of communication
between neurosurgeons and other subspecialties
involved in the treatment of these complex lesions.

The risk of the offered treatment should not
exceed that of the natural course, which is assumed
to have an annual rate of hemorrhage of 2% to 4%,
rising to 6% in the first year after an initial bleed, and
an annual rate of morbidity of 3% and mortality of
1% (1, 2, 15, 19, 28). Once an AVM is detected,
treatment decisions are based on knowledge of
natural history which however remains incompletely
understood as well. The presence of certain factors
such as the AVM size, location, the presence of
associated aneurysms, the characteristics of the
venous drainage (deep, single and stenotic) and high
intranidal blood flow pressures seem to predict a
greater propensity for future or recurrent
hemorrhage, although the exact risk posed by a given
lesion remains highly variable (2, 14, 15, 20, 27).

It is important to determine the benefits of the
treatment in an individual case. The patient and the
family have the right to be fully informed about the
results of the treatment modalities and the estimated
natural course. Their wishes and attitude towards the
problem should be taken into account during the
decision-making process.

Microsurgery offers an immediate chance of
saving a patient from hemorrhage and progressive
neurological deterioration. In cases with an
intracerebral hematoma, evacuation of the
hematoma can lead to neurological improvement as
seen in nine of our patients. In cases with an
aneurysm, treating both lesions at a single operation
is the best option. There are still some
contraindications, particularly when the patient’s
age, condition and the anatomic features of the AVM
are taken into account (2, 15, 18, 20, 23, 28). Of our
three patients who died postoperatively, two patients
had systemic disease and the other’s AVM was
Spetzler-Martin grade 5.

The aim of embolization is to decrease the size of
the nidus and to decrease flow to facilitate its
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removal. With the improvements in endovascular
techniques it is sometimes possible to obliterate the
nidus entirely, especially in small AVMs.
Embolization has a significant role in the
multimodality treatment of cerebral AVMs by either
enabling or facilitating subsequent microsurgical or
radiosurgical treatment, especially in large AVMs. In
fact endovascular treatment is not without
complications, and there are some reports on the risk
of recanalization (7, 9, 10, 16).

Radiosurgery has a well-documented role in the
treatment of brain AVMs with a diameter less than 3
cm but requires a latency period lasting 6 months to
2 years to achieve the beneficial effects of focused
radiation and for the onset of total obliteration. The
delay in occlusion is associated with a rebleeding rate
of 3% per year prior to obliteration. In other words,
the patient is still at risk and subject to the natural
history of the AVM as if it was untreated during this
latency period. There is also the risk of a radiation-
induced increase in symptoms and delayed
radionecrosis (3, 4, 8, 12, 13, 16, 21, 22, 29).

The association between embolization and
radiosurgery has been well documented (5, 11).
Decreasing the size of the lesion by embolization can
make it amenable to radiosurgery, but there are still
no long-term results. Some authors recommend
staged embolizations for complex AVMs with high
flow especially to prevent the complication of
perfusion breakthrough (25).

It is established that partially occluded or resected
AVMs still pose a threat of a serious hemorrhage,
even more than present during its natural course.
Partial resection or obliteration does not protect
against the risk of bleeding and only complete
removal or obliteration can eliminate such a risk (2,
15, 17, 28). Controversy remains over whether to
undertake any treatment at all, especially in very
large complex malformations. Some authors
recommend not treating grade 4 and 5 AVMs unless
there is an associated aneurysm or progressive
neurological deficits related to the vascular steal. It is
also reported that the annual hemorrhage risk of high
grade AVMs is 1.5%, which appears to be lower than
that reported for grades 1 through 3 AVMs (6).

Aneurysms associated with AVMs are reported to
occur in 3% to 25% of the cases (26,30). Associated
aneurysms were detected in three of our patients. All
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of them presented with hemorrhage. The aneurysms
were on the feeding arteries in two cases with one of
the AVMs Spetzler-Martin grade 3 and the other
grade 4. The third case with a Spetzler-Martin grade
2 AVM in the left occipital region had a PICA
aneurysm on the same side.

We prefer to carry out elective surgery at least 10
days after the bleeding in cases presenting with
hemorrhage unless urgent evacuation of an
intracerebral hematoma with mass effect, especially
in association with a deterioration of consciousness,
is indicated.

The treatment modalities must be individualized
for each patient by a multidisciplinary team where
the neurosurgeon plays a determining role. Which
modality will be chosen for a particular patient
depends on several factors such as the Spetzler-
Martin grades of these lesions, locally available
expertise and experience, and patient's clinical
tolerance and preference after being informed on the
chances for cure and the risks associated with each of
these treatment options. Results of our series support
the conclusion that microsurgery, carrying a
reasonable risk of mortality and morbidity, can be
recommended as the first choice of treatment
especially for low grade AVMs. Microsurgical
removal provides immediate and precise protection
against further hemorrhage, thus decreasing the rate
of mortality and morbidity. A true comparison
between an operated and unoperated group is
impossible. It is not ethical to make a prospective
randomized study to search for the value of
therapeutic modalities. Our opinion is to offer
microsurgery first except for those cases in which the
risk of surgery is high due to patient’s age, poor
medical condition or the localization and extent of
the lesion. Although we do not have extensive
experience, we consider embolization to be a useful
preoperative adjunct especially to reduce the size and
flow of the AVM. We advise radiosurgery for smaller,
deep-seated AVMs where surgical removal carries a
risk. Multimodality with
and

greater treatment

radiosurgery, endovascular interventions
microsurgery can be used to achieve good results in
most patients with high grade lesions and in those
with AVMs of the pericentral area, basal ganglia,

thalamus or brain stem.

REFERENCES

1. Brown RD Jr, Wiebers DO, Forbes G, O’Fallon WM, Piepgras
DG, Marsh WR, Maciunas RJ: The natural history of
unruptured intracranial arteriovenous malformations. J
Neurosurg 68; 352-357, 1988

2. Deruty R, Turjman F Pelissou-Guyoyat I: Surgical
Management of Cerebral Arteriovenous malformations.
Schimidek HH (ed), Operative Neurosurgical Techniques,
volume 2, fourth edition, Philadelphia: WB Saunders, 2000:
1380-1391

3. Ellis TL, Friedman WA, Bova FJ, Kubilis PS, Buatti JM:
Analysis of treatment failure after radiosurgery for
arteriovenous malformations. ] Neurosurg 89; 104-110, 1998

4. Ganz JC, Gamma Knife Surgery, Wien: Springer Verlag, 1993:
97-111

5. Gobin YP, Laurent A, Merienne L, Schlienger M, Aymard A,
Houdart E, Casasco A, Lefkopulos D, George B, Merland JJ:
Treatment of brain arteriovenous malformations by
embolization and radiosurgery. ] Neurosurg 85; 19-28, 1996

6. Han PP, Ponce FA, Spetzler RF: Intention-to-treat analysis of
Spetzler-Martin grades IV~ and V  arteriovenous
malformations: Natural history and treatment paradigm. |
Neurosurg 98; 3-7, 2003

7. Hongo K, Koike G, Isobe M, Watabe T, Morota N, Nakagawa
H: Surgical resection of cerebral arteriovenous malformation
combined with pre-operative embolisation. J Clin Neurosci 7;
88-91, 2000

8. Inoue HK, Ohye C: Hemorrhage risks and obliteration rates of
arteriovenous malformations after gamma knife radiosurgery.
J Neurosurg Suppl 97; 474-476, 2002

9. Iwama T, Yoshimura K, Keller E, Imhof HG, Khan N,
Leblebicioglu-Konu D, Tanaka M, Valavanis A, Yonekawa Y:
Emergency craniotomy for intraparenchymal massive
hematoma after embolization of supratentorial arteriovenous
malformations. Neurosurgery 53; 1251-1260, 2003

10. Jahan R, Murayama Y, Gobin YP, Duckwiler GR, Vinters HV,
Vinuela F: Embolization of arteriovenous malformations with
onyx: Clinicopathological experience in 23 patients.
Neurosurgery 48; 984-997, 2001

11. Kili¢ T, Peker S, Konya D, Baltacioglu E Cekirge S, Pamir MN:
Combination of embolization and Gamma-knife radiosurgery
in the treatment of large arteriovenous malformations. Tiirk
Norosirurji Dergisi 13; 157-164, 2003

12. Lindqvist M, Karlsson B, Guo WY, Kihlstrém L, Lippitz B,
Yamamoto M: Angiographic long-term follow-up data for
arteriovenous malformations previously proven to be
obliterated after gamma knife radiosurgery. Neurosurgery 46;
803-810, 2000

13. Maesawa S, Flickinger JC, Kondziolka D, Lundsford LD:
Repeated radiosurgery for incompletely obliterated
arteriovenous malformations. ] Neurosurg 92; 961-970, 2000

14. Mannsmann U, Meisel J, Brock M, Rodesch G, Alvarez H,
Lasjaunias P: Factors associated with intracranial hemorrhage
in cases of cerebral arteriovenous malformations.
Neurosurgery 46; 272-281, 2000

15. Marciano FF, Vishteh AG, Apostolides PJ, Spetzler RF:
Arteriovenous Malformations-Supratentorial. Kaye AH, Black
PMcL (eds), Operative Neurosurgery, volume 2, London,
Churchill Livingstone, 2000: 1079-1091

16. Misra M, Aletich V, Charbel FT, Debrun GM, Ausman JI:
Multidisciplinary Approach to Arteriovenous Malformations.

69



Turkish Neurosurgery, 2004, Vol: 14, No: 3-4, 63-70

Miisliiman: Microsurgery of Intracranial Arteriovenous Malformations

17.

18.

19.

20.

21.

22.

23.

24.

70

Kaye AH, Black PMcL (eds), Operative Neurosurgery, volume
2, London, Churchill Livingstone, 2000: 1137-1151

Miyamoto S, Hashimoto N, Nagata I, Nozaki K, Morimoto M,
Taki W, Kikuchi H: Posttreatment sequele of palliatively
treated cerebral arteriovenous malformations. Neurosurgery
46; 589-595, 2000

O’Laoire SA: Microsurgical treatment of arteriovenous
malformations in critical areas of the brain. Br ] Neurosurg 9;
347-360, 1995

Ondra SL Troupp H, George ED, Schwab K: The natural
history of symptomatic arteriovenous malformations of the
brain: a 24-year follow-up assessment. ] Neurosurg 73; 387-
391, 1990

Pick JH, Morgan MK: Microsurgery for small arteriovenous
malformations of the brain: results in 110 consecutive patients.
Neurosurgery 47; 571-577

Pollock BE: Stereotactic radiosurgery for arteriovenous
malformations. Neurosurg Clin N Am 10; 281-290, 1999
Pollock BE, Gorman DA, Coffey R]: Patient outcomes after
arteriovenous malformation radiosurgical management:
results based on a 5- to 14-year follow-up study. Neurosurgery
52; 1291-1297, 2003

Sisti MB, Kader A, Stein B: Microsurgery for 67 intracranial
arteriovenous malformations less than 3 ¢cm in diameter. |
Neurosurg 79; 653-660, 1993

Spetzler RE, Martin NA: A proposed grading system for

25.

26.

27.

28.

29.

30.

arteriovenous malformations. ] Neurosurg 65; 476-483, 1986

Spetzler RE, Martin NA, Carter LF, Flom RA, Raudzens PA,
Wilkinson E: Surgical managements of large AVM’s by staged
embolization and operative excision. ] Neurosurg 67; 17-28,
1987

Stapf C, Mohr JP, Pile-Spellman J, Sciacca RR, Hartmann A,
Schumacher HC, Mast H: Concurrent arterial aneurysms in
brain arteriovenous malformations with haemorrhagic

presentation. ] Neurol Neurosurg Psychiatry 73; 294-298, 2002
Stefani MA, Porter PJ, ter Brugge KG, Montenera W, Willinsky

RA, wallace MC: Large and deep brain arteriovenous
malformations are associated with risk of future hemorrhage.
Stroke 33; 1220-1224, 2002

Steinberg GK, Stoodley MA: Surgical Management of
Intracranial Arteriovenous Malformations. Schimidek HH
(ed), Operative Neurosurgical Techniques, volume 2, fourth
edition, Philadelphia: WB Saunders, 2000: 1363-1379

Steiner L, Lindquist C, Cail W, Karlsson B, Steiner M:
Microsurgery and radiosurgery in brain arteriovenous
malformations. ] Neurosurg 79; 647-652, 1993

Yasargil MG: Microneurosurgery, III A, Stuttgart: Georg
Thieme Verlag, 1987, 182-189





