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Abstrakt - Česky 
Úvod: V této práci jsou prezentovány neurologické výsledky chirurgické a 
endovaskulární léčby mozkových arteriovenozních malformací. Tyto neurologické 
výsledky jsou podpořeny studií výsledků neuropsychologických na podskupině 
pacientů. Na základě těchto výsledků a extenzivní literární rešerše doporučujeme 
optimální léčebný algoritmus.   
Sestava: Hlavní sestava čítá 222 pacientů ve věku 9 až 87 let, léčených mezi léty 
1998 a 2013. Chirurgická poodskupina sestává z 85 pacientů, endovaskulárně bylo 
léčeno 55 pacientů. Dalších 34 pacientů bylo odesláno přímo k radiochirurgické léčbě. 
Zbylých 48 pacientů bylo léčeno konzervativně. Podskupina 66 pacientů byla 
podrobena neuropsychologickému testování minimálně 2 roky po léčbě za použití 
testové baterie konstruované speciálně pro tuto studii. Kontrolní skupina sestávala z 
10 zdravých dobrovolníků. 
Výsledky: V chirurgicky léčené podskupině pacientů byla mírá závažných komplikací 
3.5% s úspěšností totální okluze 96.5%.  V čistě endovaskulárně léčené podskupině 
byla mírá závažných komplikací 5.5% s úspěšností totální okluze 36.4%. Jeden z 
observovaných pacienů zemřel následkem intracerebrálního krvácení. Ke srovnání s 
literárními daty byla provedena literární rešerše. Na jejím základě byla pro jednotlivé 
léčebné modality předpovězena pravděpodobnost krvácení v dlouhodobém horizontu. 
V rámci neuropsychologické studie byli srovnáni pacienti s kompletně okludovanou 
AVM s kontrolní skupinou. Toto srovnání neukázalo významné rozdíly v 
neuropsychologickém výkonu, stejně jako srovnání pacienů dělených dle léčebné 
modality a SM stupně. 
Závěry: Pacienti, u kterých bylo dosaženo kompletní okluze AVM, skórovali v 
neuropsychologických testech stejně, jako kontrolní skupina, aktivní léčba AVM tedy 
nezpůsobuje zhoršení neuropsychologického výkonu. 
1. Chirurgická léčba je metodou volby pro pacienty s AVM SM stupně I a II. 
Pro pacienty s AVM SM stupně III je vhodná, pokud je léze chirurgicky přístupná. 
 2. Endovaskulární intervence by měly být používany pouze v případě 
předoperační embolizace, i tehdy jen u přísně vybraných patologií. Jako léčebná 
modalita by měla být užívana pouze u pacientů s AVM nízkého SM stupně, pokud 
jsou chirurgicky rizikoví. U pacientů s AVM vyššího stupně pouze jako paliativní 
metoda. 
 3. Stereotaktická radiochirurgie je zejména vhodná k léčbě obtížně přístupných, 
hluboko uložených lézí SM stupně III. V případě lézí nižšího stupně je rozhodnutí 
ponecháno na obšírně informovaném pacientovi. 
4. Observace by měla být použita u pacientů s AVM stupně IV a V, u kterých je 
jakákoli aktivní terapie spojena s vyššími riziky, než přirozený průběh. 
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Abstract - English 
Introduction: The surgical and endovascular results of the treatment of pial AVM 
provided at our Neurosurgical centre are presented. These results are supported by 
neuropsychological outcomes of subgroup of treated patients. Going by these results 
and by an overview of literary data on the efficacy and complications of each 
therapeutic modality, the optimal algorithm of indications is presented 
Cohort of patients: The main series comprises 222 patients aged 9 to 87 years treated 
in the years 1998 - 2013. The surgical group consists of 85 patients, 55 patients 
received solely endovascular treatment. Thirty-four patients were consulted and 
referred directly to the Radiosurgical unit. The remaining 48 were recommended to 
abide by the strategy of „watch and wait".  A subgroup of 66 patients, who underwent 
treatment of AVM was neuro-psychologically tested at least two years after treatment 
using a battery of tests constructed specifically for this study. A control group 
consisted of 10 subjects without any neurological disease. 
Results: In the surgical group, serious complications were 3.5% at a 96.5% 
therapeutic efficacy. As for AVM treated with purely endovascular methods, serious 
procedural complications were seen in 5.5% of patients, with efficacy totalling 36.4%. 
One observed patient suffered bleeding resulting in death. For comparison with 
literary data for each modality, a survival analysis without haemorrhage following 
monotherapy for AVM with each particular modality was carried out.   Within neuro-
psychology study the subgroup of patients with an obliterated AVM after treatment 
was compared to the control group showed no significant differences, similarly as 
divided according to treatment modality and in comparison of the SM groups. 
Conclusions: Those patients in whom complete obliteration was achieved with 
treatment, scored in neuropsychological test similarly to the background population, 
implying active AVM treatment doesn’t cause deterioration in neuropsychological 
performance. 
1. We regard surgical treatment as the treatment of choice for AVM of Spetzler-
Martin (S-M) grades I and II. As for grade III cases - only for those which are 
surgically accessible. 
2. Endovascular intervention should be used mainly for preoperative 
embolization ion strictly selected cases, as a curative procedure solely for lower-grade 
AVM in patients with co-morbidities; for higher-grade cases as a palliation only.  
3. Stereotactic irradiation with LGK is advisable mainly for poorly accessible, 
deep-seated grade-III AV malformations. In the case of lower grades, the final 
decision is left to the properly informed patient him/herself.  
4. Observation should be used as the method of choice in AVM of grades IV 
and V where active therapy carries greater risk than the natural course of the disease 
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Introduction 
Brain Arteriovenous malformations (AVM) have been described more than a century 
ago by Steinheil. Since the introduction of cerebral angiography and the large 
development of non-invasive imaging techniques in the latter half of 20th century, the 
number of AVMs being diagnosed is rapidly increasing 1.  Although there has been 
significant developments in the active treatment techniques such as surgical resection, 
endovascular embolization and stereotactic radiosurgery, observation alone is still a 
useful treatment technique that is adopted for some AVMs. The decision regarding 
which treatment modality should be adopted in a particular case depends on many 
features of a particular AVM, the patient affected, the possible morbidity and 
mortality of the proposed treatment procedures and their efficacy in a particular 
institution.  Moreover, the natural history of the disease must be taken into account 
and compared to the possible benefits of active treatment. All these factors must be 
meticulously studied before the decision to undertake active treatment is made. From 
surgical point of view Spetzler-Martin grading system appropriately inform 
our patients about the possible surgical risks 2. This doesn’t hold true 
for the possible neuropsychological sequale, which has only been 
studied by a few authors to date 3-6.   
  

Aims 
In this study we present a literature review of the natural course of AVM disease and 
the active treatment modalities. These are compared with surgical and endovascular 
results achieved at our institution and based on these comparisons treatment 
recommendation for AVM is articulated.  Furthermore, we decided to evaluate the 
neuropsychological outcome of our patients treated for brain AVM’s using 
standardized neuropsychological tests and compare these results with a control group 
chosen from our background population. Finally, the efficacy of different treatment 
methods in the long-term perspective is studied.   
 

Materials and methods   
Our cohort is made up of 222 patients (129 men, 93 women) treated at the Department 
of Neurosurgery, Charles University and Central Military Hospital, Prague. The 
patients received treatment between 1st January 1998 and 31st December 2013. The 
database was developed prospectively, the patients´ data were assessed 
retrospectively. The patient´s age span was between 9 and 87 years of life, mean age 
was 42.5 years. Enrolled were all those patients, for whom we acted as the primarily 
consulted centre. Not included were cases where we merely provided a second opinion 
on documents from the Czech Republic and from abroad. Consequently, our 
institution performed angiography served as the basic parameter for enrollment in the 
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cohort. Malformations were classified according the Spetzler-Martin system. Then, 
following detailed discussion with each patient and his/her family, we jointly chose 
the therapeutical modality: surgical resection, endovascular treatment with 
embolisation, stereotactic radiosurgery referral to Prague Leksell Gama Knife (LGK) 
centre, or observation.  
The surgical group consisted of 85 patients, 28 of whom had undergone preoperative 
embolisation of their AVM. Endovascular treatment alone was used for 55 patients, 34 
patients were directly referred to the centre of radiosurgery, the remaining 48 were 
advised to undergo a policy of „watch and wait“. However, there were also patients 
enrolled whose clinical condition was too serious to permit any therapeutic 
intervention. The distribution of AVMs according to the Spetzler-Martin grades in 
each group showed preponderance of lower-grade AVM in the surgical group 
compared to endovascular and other groups (p = 0.003, chi-square test). The basic 
characteristics of the patients in surgical and endovascular groups were comparable. 
None of the parameters under study: age distribution in each group, or presentation – 
haemorrhage or epileptic seizure – revealed any significant inter-group differences at 
the 5% level (t-test, chi square test). The surgical and endovascular groups were 
studied for the rate of serious procedural complications (GOS lesser than or equal to 3 
after 30 days). Correlation between AVM grade and outcome measured by GOS was 
assessed using Spearmann correlation coefficient with ommiting patients admitted in 
poor clinical state in whom poor outcome was due to severity of initial bleeding. The 
efficacy of each therapeutic modality was assessed after complete obliteration of the 
AVM. The same parameters for the surgical, endovascular and radiosurgical groups 
were set on the basis of literary search. All larger series obtained by searching 
PubMed database with key words „brain avm“ up to December 2013 were included in 
this literature review. 
 
Altogether 66 patients were enrolled in the neuropsychological study. All patients 
underwent treatment of their brain AVM at our institution and expressed willingness 
to participate in the study after their treatment. If the patient was treated actively with 
microsurgical resection or endovascular embolization, they were enrolled into our 
study within 2 years of their treatment date.  Those patients with moderate or severe 
neurologic deficit (modified Rankin scale > 2) after their initial presentation with 
haemorrhage from their AVM or due to procedural morbidity and mortality were 
excluded from this study. We also excluded patients from other countries, who could 
have artificially worse results due to a language barrier.  
113 patients were treated for brain AVM in our institution between years 2001 and 
2009. Out of these 113 patients, 4 patients died, 8 patients were in poor clinical status 
and 2 patients were from other countries. The remaining 99 patients were asked to 
participate in our study. Out of these 99 patients, 33 refused to participate or did not 
respond to their invitation to attend the out-patient clinic.  
Our final patient cohort consisted of 39 males and 27 females; mean age was 38 ± 16 
years. Microsurgical resection was performed in 35 patients, endovascular 
embolisation in 17 and 14 patients were observed. Thirty-six malformations were 
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localized in the dominant hemisphere and thirty in the non-dominant hemisphere. 
Complete obliteration was achieved in 40 cases: 33 with resection, 5 with 
embolisation, and in 2 patients there was evidence of spontaneous obliteration during 
the follow up period. Five patients from those in the observed group were sent for 
stereotactic radiosurgery, similarly as 3 patients after partial embolization. Thirty-two 
AVMs were Spetzler-Martin grades I&II, 18  were grade III and 16 were grades 
IV&V. The presentation was with haemorrhage in 31 cases (intracerebral 
haemorrhage in 25, intraventricular haemorrhage in 10 and subarachnoid haemorrhage 
in 17).  21 cases presented with seizures. 
The control group consisted of 10 subjects (age 44 ± 10 years) without any 
neurological disease willing to undergo neuropsychological testing.  
Neuropsychological testing was performed using a battery of tests constructed 
specifically for this study consisting of the following standard tests: 

• Verbal / Language intelligence was tested by Vana’s intelligence test - VIT 7. 

• Frontal / Execution functions were tested by FAS test in Czech version and 
Trail Making Test, part B 8. 

• Attention and processing speed was measured by Trail Making Test, part A  
8. 

• Nonverbal intelligence was measured by Test of intellect potential - TIP 9. 

• Visuospatial functions by Cubes analysis, subtest of VOSP battery 10. 

• Verbal memory was measured by Auditory-verbal learning test - AVLT 8. 

 

Results 
Fourteen out of the 85 surgical patients were admitted in a serious condition marked 
by severe neurological deficit or a GCS of less than 9. Three patients in this group 
were admitted after bleeding from previously irradiated AVM. Preoperative 
embolisation was used in 28 cases; a total of 51 interventions were made. As an 
embolisation agent was used Onyx in 10 cases and NBCA in 18.  In one patient severe 
deficit due to intracerebral hemorrhage occured after the procedure. The patient was 
surgically trated after 6 months after his deficit improved markedly. A serious 
complication during surgery occured in 3 patients; 2 patients (S-M grade 3 and 4) 
died. First one after one week, the other one after eight months in a vegetative state. 
The cause of unfavourable result was probably Normal perfusion pressure 
breakthrough (NPPB) phenomena 11. A third patient (SM grade 3) suffered severe 
hemiparesis and aphasia. Surgical morbidity and mortality was 3.5%. Correlation 
between AVM grade and outcome was significant (p<0.05) with Spearmann’s 
coefficient r = 0.32.  
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At the one year follw up visit, six patients suffered from serious consequences of the 
initial haemorrhage. Three AVMs (3.5%) had not been removed completely. In one 
patient postoperative angiography was not done due to severe postoperative condition 
and ensuing death. The second unresolved case was a S-M grade-IV AVM in a 16-
year old girl. Her malformation was localised in the basal ganglia and dominant 
frontal lobe.  In the third case  S-M grade IV AVM  was partially resected and 
subsequently the residual AVM was successfully embolized. The overall rate of 
surgical effectiveness was 96.5%. 
In the endovascular group, 55 patients had total of 96 endovascular procedures. One 
patient was admitted after bleeding from previously irradiated AVM. As an 
embolisation agent was used Onyx in 30 cases and NBCA in 25. In addition coils 
were used in 9 cases, mainly for treatment of flow-related aneurysms. There were two 
cases of unmanageable haemorrhage during embolisation; in another case 
embolisation caused severe neurological deficit due to inadverent occlusion of major 
cerebral artery. All these patients died. Consequently, the endovascular group 
morbidity and mortality amounts to 5.5% (patient-related) and 3.1% (procedure-
related). Complete occlusion was achieved in 20 AVMs, which is success rate of 
36.4% per patient and 20.8% per procedure.  Five patients died within the one year 
follw up: three after procedural complications, and the other two due to primary 
haemorrhage. At the annual check-up, two patients had a GOS 3 as a result of primary 
bleeding.  Correlation between AVM grade and GOS was not significiant. Fourty-
eight patients were shared with the LGK unit; 34 patients were referred there for 
treatment primarily and 13 patients were referred to the LGK unit after previous 
partial embolisation of AVM and one after surgery. The observation group consists of 
48 patients whose AVM was deemed either intractable with any of the available 
therapeutic techniques, or those who declined active treatment, or to whom active 
treatment was not recommended (advanced age, incidental lesion, serious 
comorbidity).  This group included five patients whose initial haemorrhage was too 
serious to permit the consideration of any beneficial therapy, and four of them 
subsequently died. Seven others underwent active treatment for some other 
neurosurgical pathology, in all these cases the AVM was an incidental finding. In one 
case AVM thrombosed spontaneously after minor bleeding. We encountered only one 
bleeding in group of patients under observation, 56 years old patient with parieto-
occipital grade IV AVM suffered fatal devastating heamorrhage after 10 years of 
observation. 
Due to the fact that AVM is disease of young and mid-age we have to make inferences 
at least thirty years ahead. On the acceptance of 3% annual bleeding rate a comparison 
of a thirty-year outlook of bleeding in patients treated with the particular techniques is 
given in Graph 1. Furthermore on the acceptance of 30% probability of poor recovery 
after AVM –related bleeding, thirty-year prospective period is plotted in Graph 2 as a 
determinant of the likelihood of serious mortality and morbidity. The values of 
mortality and morbidity, just as those of the efficacy of treatment for the surgical and 
endovascular groups were used for constructing the graphs based on our centre´s data. 
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However the values given for radiosurgical treatment and for observation are derived 
from literary sources since our LGK group is quite small and atypical.  
Literature review showed 23 surgical studies, analysing altogether 2721 patients with 
a mean age of 36 years. Average efficacy within published microsurgical series was 
95.9%, whereas mean complication rate of 7.2%. Mean efficacy within 29 
endovascular series comprising of 4021 patients with mean age of 35 years was 
22.4%, whereas mean complication rate of 7.0%. Literature review of radiosugical 
series was based on 41 studies comprising of 8683 patients with mean age of 31 years 
showing mean complication rate of 5.3%, but mean occlusion rate of 66.1%. 
 
In neuropsychological study, no significant differences between the groups were 
found when the presentation was hemorrhage; gender and hemispheric dominance 
when the whole cohort was analysed. Patients harboring SM grade IV-V lesions 
scored significantly worse than patients harboring SM grade I-III lesions. Patients who 
presented with epilepsy scored lower than patients presenting with other 
symptomatology, but the difference had only borderline significance. 
When we analysed patients according to the presence or absence of complete 
obliteration after treatment and compared these to the control group, we found no 
significant differences. 
When we analysed the subgroup of patients with completely obliterated AVM after 
treatment according to their treatment modality, we found no significant differences 
compared to the control group, similarly as in comparison of S-M grade groups. 
When the subgroup of non-obliterated AVMs is analysed according to S-M grade, we 
find borderline significance with S-M grade IV-V who scored worse than the other 
groups. 

 
Graph 1: Probability of bleeding in 30 years perspective. 
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Graph 2: Probability of poor outcome after bleeding in 30 years perspective. 

 

Discussion 
Results of surgical treatment for pial AVM at our Neurosurgical department as well as 
those in the rest of the studies referred to the results from a meticulous selection of 
patients. The preponderance of lower-grade AVM in the surgical group compared to 
endovascular group (p = 0.003, chi-square test) is attributable to the surgical centre´s 
preferences. Our results are comparable with the published ones 12-14. Most of the 
patients with S-M Grade I and II AVMs are now indicated for surgical treatment as all 
other modalities fall far short of offering such an efficacy with such a low rate of 
complications. 
The efficacy and rate of complications of independent endovascular embolization 
attained at our centre is fully comparable with the average quoted in the rest of the 
published results.  However, assessed over a 30-year span of time, the position of 
embolisation as an independent method is debatable. An analysis of Graphs 1 and 2 
will show that only after years post-embolisation is the patient´s prognosis slightly 
more favourable than the natural course of the disease with regard to potential risk of 
bleeding due to a ruptured AVM. On the whole then, the benefit of independent 
curative embolisation is negligible. It is yet to be establish the role of endovascular 
treatment in the management of AVMs. Recently, some goups report much higher 
success rate 15, 16 but it is questionable whether these results are repeatable on a much 
broader scale. Another important finding of this study is absence of correlation 
between AVM grade and clinical outcome meaning similar risk of endovascular 
procedure to all AVM grades. This result strongly favours surgery with very low 
morbidity as a method of choice for lower grade AVMs. The new procedures, mainly 
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the introduction of Onyx into endovascular practice, did not change efficacy of 
endovascular methods significantly and only few groups of authors presents markedly 
better results 15, 17.  
The position of radiosurgery remains unshakeable in the treatment of AVM. On the 
other hand, surgical treatment of grade I and II AVM is associated with 0% 
probability of permanent deficit 18 at a well nigh 100% rate of efficacy. In view of this, 
a solid medical substantiation is called for if the patient is to be exposed to the hazards 
of AVM-related haemorrhage during the period of latency at a markedly lower 
probability of obliteration – 84% 19. Conversely, for deep-seated, poorly accessible 
small-sized malformations radiosurgery is the method of choice. In such 
malformations, suitable for  radiotherapy, the rate of obliteration is reported at up to 
some 70% 20. In the case of larger-size AVM a similarly very high efficacy is reported 
after single or multiple irradiation. One study 21 mentions an efficacy of 62% for a 
group of AVMs larger than 9 cm3; Sirin et al. 22 attained an efficacy of 50% for AVMs 
of more than 15cm3 in size. Conversely, there have been cases of bleeding from an 
AVM even after radiosurgical treatment and angiographic evidence of its obliteration 
23, 24. In our view, the greatest problem of radiosurgery lies in the variously high 
percentage of patients (reported at 10 up to 50%), in whom the AVM is discernible 
even after repeated irradiation. Admittedly, ours is a limited body of experience (3 
patients) of surgery on AVM after LGK treatment. Nevertheless, it is a very optimistic 
experience; the operations were not more difficult, on the contrary. This prompts ideas 
of converting higher-grade AVM radiosurgically into AVMs of grades I and II to 
make them suitable for neurosurgery. In irradiated patients, the definitive therapy is in 
fact postponed by more than 6 years. As follows from the above facts, the 
therapeutical modalities are competitive as regards low-grade malformations. This 
applies mainly to surgical resection relative to stereotactic irradiation. True inter-
modality cooperation has been reached in grade-III AVM where pre-operative or pre-
radiosurgical embolisation can facilitate obliteration and reduce the risks of 
subsequent therapy 25. What is still missing, however, is clear evidence of this logical 
conclusion as some authors question the effect of pre-radiosurgical embolisation 26. It 
should be noted that grade-III AVMs are a very heterogeneous group.  Therefore any 
decision must take into account the individual characteristics of each AVM.  
Grade IV and V AVMs are complex and large malformations; straightforward surgery 
is too risky and radiosurgery is inefficacious. This is why we usually opt for the watch 
and wait strategy. In some cases endovascular active approach can be used, depending 
on angioarchtecture, risk factors such as intranidal aneurysm, etc).  As a rule, 
complete occlusion can hardly be achieved, though it is possible to treat e.g. an 
intranidal aneurysm or to reduce the malformation blood flow. Today, most 
neurosurgical teams regard AVM of grades IV and V as lesions suitable for 
observation. Some of those lesions, however, could be managed by cooperation of all 
three treatment modalities. Such an option and a well thought through management 
plan is to be considered especially in young patients with high rupture risk AVMs.  In 
patients treated by multimodal approach each new step should be established anew 
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according to the results of the previous one. The team must not dogmatically follow 
the management plan devised at the beginning of treatment.   
 
In our neuropsychological study results, we found no differences between patients 
treated with surgical resection and endovascular embolization and their performance 
was not different from the background population. This finding supports an idea of 
active treatment being the treatment of choice, whenever treatment can be performed 
safely. The recently published ARUBA study 27 showed that in cases where an AVM 
has not bled, observation is the treatment choice. Organization of this study was one 
of initial moments for evaluation of neuropsychological outcomes of our patients. 
Although final results of ARUBA study supports an idea of watch and wait strategy, 
these results are based on 98 actively treated patients and out of these 116 patients 
only 18 patients underwent surgical excision alone or in combination with other 
treatment modalities. As the authors stated in their discussion, the ARUBA study was 
not powered to distinguish amongst the different treatment modalities. From our point 
of view, the number of events (strokes and deaths) in the interventional branch of the 
ARUBA study was extremely high (37%) – a number which could not be confirmed 
by analysis of our unit’s data and also a literature search, which was published 
previously 28. On the other hand, it is necessary to bear in mind that the vast majority 
of post-treatment events occurred during the first two years after treatment on partially 
treated AVMs (either by radiosurgery or embolization). This puts doubt on the usage 
of these modalities in active AVM treatment. Surgery with its known low morbidity 
and mortality (in our hands 1.4%) and high efficacy (in our hands above 97%) in well 
selected patients is not comparable to the ARUBA findings.   
According to our results, patients harbouring non-obliterated high grade AVMS (S-M 
IV-V) scored worse than those patients harbouring AVM S-M grade I-III. This finding 
implies a possible role of the ‘steal phenomenon’, which has been suggested by other 
authors as the most likely reason for a neuropsychological and a neurological 
improvement after AVM obliteration. Baker et al. 29 reported a case of a patient with a 
right temporal AVM, who showed improvement in IQ and visual memory after AVM 
excision. La Piana et al. 30 reported a  case of patients harbouring right temporal S-M 
grade V AVM, presenting with progressive hemiparesis, who showed improvement in 
neurological status after partial embolization and motor cortex reorganization, which 
was documented on CT perfusion scans. The fact that especially high-grade lesions 
scored lower in composite score imply that possible steal phenomenon caused by 
AVM is in fact a ‘whole brain’ problem. This is similar to improvements seen in 
cognitive functions after carotid endarterectomy, where severe internal carotid 
stenosis before treatment can cause cerebral hypoperfusion with subsequent cognitive 
deficits 31-34.  
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Conclusions 

 
1. Active treatment policy for brain AVMs is justified. 
2. Active AVM treatment doesn’t cause deterioration in neuropsychological 

performance. 
3. AVM location regarding hemispheral dominance does not play major 

role in neuropsychological outcome. 
4. Surgery is able to achieve near 100% AVM obliteration rate in selected 

cases. 
5. Complications related to surgical treatment is low in selected cases. 
6. Surgical treatment is the treatment of choice for AVM of Spetzler-

Martin grades I and II.  
7. AVM grade III cases should be treated surgically only when lesion is 

accessible. 
8. Endovascular intervention should be used mainly for preoperative 

embolization, as a curative procedure solely for lower-grade AVM in 
patients with co-morbidities. 

9. Endovascular intervention should be used in patients with higher-grade 
AVMs only as a palliative treatment for associated aneurysms and other 
vascular pathologies. 

10. Stereotactic radiosurgery is method of choice for poorly accessible, deep-
seated grade-III AVMs.  

11. Observation is the method of choice in AVM of grades IV and V where 
active therapy carries greater risk than the natural course of the disease 
and frequently fails. 

12. In the case of primary radiosurgical treatment the patient should be 
followed up not only during the period of latency before 
angiographically confirmed obliteration but also during the following 
years, though certainly at longer intervals.  
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