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Abstract
Purpose The results of the treatment of pial AVM provided
at our neurosurgical centre are presented. Based on these
results and on an overview of literary data on the efficacy
and complications of each therapeutic modality, the algo-
rithm of indications, as used at our institution, is presented.
Cohort of patients The series comprises 195 patients, aged
9 to 87 years and treated in the years 1998–2011. The
surgical group consists of 76 patients; of these, 49 patients
solely received endovascular treatment, 25 were consulted
and referred directly to the radiosurgical unit, and the
remaining 45 were recommended to abide by the strategy
of “watch and wait”.
Results In the surgical group, serious complications were
3.9 %, at a 96.1 % therapeutic efficacy. As for AVM treated
with purely endovascular methods, serious procedural com-
plications were seen in 4.1 % of patients, with efficacy total-
ling 32.7 %. One observed patient suffered bleeding, resulting
in death. For comparison with literary data for each modality,
a survival analysis without haemorrhage following monother-
apy for AVM with each particular modality was carried out.
Conclusions Based on our analysis, we have devised the
following algorithm of treatment:

1. We regard surgical treatment as the treatment of choice for
AVM of Spetzler-Martin (S-M) grades I and II, and only
for those grade III cases that are surgically accessible.

2. Endovascular intervention should mainly be used for
preoperative embolisation, as a curative procedure for
lower-grade AVM in patients with comorbidities, and as
palliation only for higher-grade cases.

3. Stereotactic irradiation with Leksell Gamma Knife
(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.

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

Pial arteriovenous malformation (AVM) is a benign cere-
brovascular disease, in which direct pathological communi-
cations between cerebral arteries and veins (bypassing the
capillary system) form the morphological lesion. The mal-
formation is surrounded by a layer of reactive gliosis. Pre-
senting signs include haemorrhage (50 % of all cases),
seizures (25 %), headache (25 %), and less often, neurolog-
ical deficit caused by ischaemia due to the steal phenome-
non [10]. The annual likelihood of AVM rupture was
estimated at 2–4 % in Ondra’s study [61], based on a 24-
year follow-up of a cohort of 166 patients with symptomatic
AVM; this value is regarded as constant throughout the
follow-up period [28]. While AVM-related intraparenchy-
mal haemorrhage is associated with a more favourable prog-
nosis compared to intraparenchymal bleeding from other
causes, the intraparenchymal component of bleeding from
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an AVM carries with itself a worse recovery [11]. The
probability of poor post-haemorrhage recovery (Rankin
score greater than or equal to 2, neurological deficit) is
reported at about 5–60 % [11, 19, 21, 23].

According to the commonly used Spetzler and Martin
scheme, AVMs are classified into five or six groups relative
to their size, localisation in eloquent areas, and the presence
or absence of deep venous drainage [83] or recently pub-
lished three-tier classification based on the same parameters
[84]. Certain principles of treatment are also based on this
AVM grading system. We currently have the choice of
surgical resection, endovascular therapy and stereotactic
radiosurgical treatment. Indeed, the methods can be com-
bined—with observation being an additional, though not
insignificant, modality.

We opted for an analysis of our own data and for a review
of literature of published series. Using figures and graphs
thus acquired, we were able to confirm the globally ac-
knowledged principles of AVM management. In our view,
the published data provide a suitable basis for discussions
with our patients as, in principle, they are the ones to choose
the procedure and type of treatment.

Patients and methods

Our cohort is made up of 195 patients (113 men, 82 women)
treated at the Department of Neurosurgery, Charles Univer-
sity and Central Military Hospital, Prague. The patients
received treatment between 1 January 1998 and 31 August
2011. The database was developed prospectively; the
patients’ data were assessed retrospectively. The patients’
age span was between 9 and 87 years, mean age was
42 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 docu-
ments from the Czech Republic and from abroad. Conse-
quently, our institution-performed angiography served as the
basic parameter for enrolment in the 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, stereo-
tactic radiosurgery, referral to Prague Leksell Gamma Knife
(LGK) centre, or observation.

The surgical group consisted of 76 patients, all operated
by the senior author; 27 of who had undergone preoperative
embolisation of their AVM. Endovascular treatment alone
was used for 49 patients, 25 patients were directly referred
to the centre of radiosurgery, and the remaining 45 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 is given in Fig. 1, showing preponderance of
lower-grade AVM in the surgical group compared to the
endovascular group (p00.003, chi-square test). The basic
characteristics of the patients in the surgical and endovascular
groups are given in Table 1. None of the parameters under
study (age distribution in each group, or presentation – hae-
morrhage 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 out-
come measured by GOS was assessed using Spearmann cor-
relation coefficient, omitting 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 mid 2011 were included in this literature
review.

Results

Fourteen out of the 76 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 27 cases; a total of
50 interventions were made. As an embolisation agent,
Onyx was used in nine cases and NBCA in 18. In one
patient, severe deficit due to intracerebral haemorrhage oc-
curred after the procedure. The patient was surgically treated
and improved markedly 6 months after his deficit. A serious
complication during surgery occurred in three patients; two
patients (S-M grade 3 and 4) died. One died after 1 week,
the other after 8 months in a vegetative state. The cause of
unfavourable results was probably normal perfusion pressure
breakthrough (NPPB) phenomena [85] (in both cases we
experienced uncontrollable perioperative bleeding, resulting
in intracerebral hematoma in the AVM bed and severe sur-
rounding brain edema). A third patient (SM grade 3) suffered
severe hemiparesis and aphasia. Surgical morbidity and mor-
tality was 3.9 %. Correlation between AVM grade and out-
come was significant (p<0.05) with Spearmann’s coefficient
r00.32.

At the 1-year follow-up visit, six patients suffered from
serious consequences of the initial haemorrhage. Three
AVMs (3.9 %) had not been removed completely. In one
patient, postoperative angiography was not done due to
severe postoperative condition and ensuing death. The

200 Acta Neurochir (2013) 155:199–209



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. Embolisation attempt
failed after the Brietal testing feeders were from A1 and
M1 segments. The AVM was planned for only partial resec-
tion, and after this patient was twice irradiated with LGK.
The AVM disappeared, but patient vision severely and per-
manently deteriorated after the second radiosurgical proce-
dure. In the third case, S-M grade IV AVM was partially
resected and subsequently the residual AVM was success-
fully embolised. The overall rate of surgical effectiveness
was 96.1 %.

In the endovascular group, 49 patients had total of 87
endovascular procedures. One patient was admitted after
bleeding from previously irradiated AVM. As an embolisa-
tion agent, Onyx was used in 24 cases and NBCA in 25. In
addition, coils were used in nine cases, mainly for treatment
of flow-related aneurysms. There was one case of unman-
ageable haemorrhage during embolisation; in another case,
embolisation caused severe neurological deficit due to inad-
vertent occlusion of the major cerebral artery. Both these
patients died. Consequently, the endovascular group mor-
bidity and mortality amounted to 4.1 % (patient-related) and
2.3 % (procedure-related). Complete occlusion was
achieved in 16 AVMs, which is success rate of 32.7 % per
patient and 18.4 % per procedure. Four patients died within

the 1-year follow-up: two after procedural complications,
and the other two due to primary haemorrhage. At the
annual check-up, one patient had a GOS 3 as a result of
primary bleeding. Correlation between AVM grade and
GOS was not significant. Table 2 sums up the results of
surgical and endovascular therapy for AVM—procedural
mortality and morbidity and effectiveness of obliteration—
attained at our neurosurgical centre.

Thirty-nine patients were shared with the LGK unit; 25
patients were referred there primarily for treatment; 13
patients were referred after previous partial embolisation of
AVM; and one after surgery. Prior to radiotherapy, one
patient had coiling performed for an incidental aneurysm
on the basilar artery. The only procedural complication of
LGK (severe visual impairment) has already been men-
tioned. At the time of publication, 11 of these 39 patients
had their AVM obliterated, the rest were still in latency
period without angiographical proof of AVM obliteration.

The observation group consisted of 45 patients whose
AVM was deemed either intractable with any of the avail-
able therapeutic techniques, or those who declined active
treatment or to whom active treatment was 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 these patients subsequently died. Six

Fig. 1 AVM grade distribution
across groups

Table 1 Basic demographic characteristics and AVM presentation of patients in surgical and endovascular groups. No significant difference was
found

N Age ± SD ICH IVH SAH Seizures

Surgery 76 38.3±15.6 31 14 25 12

Endovascular 49 40.9±16.4 23 7 12 13

p value 0.378 0.498 0.546 0.315 0.143

ICH intracerebral haemorrhage, IVH intraventricular haemorrhage, SAH subarachnoid haemorrhage
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others underwent active treatment for another neurosurgical
pathology; in all these cases, the AVM was an incidental
finding. Three patients were examined for ACI stenosis; two
of them had carotid endarterectomy performed, and the third
patient underwent carotid stenting. One patient was admit-
ted for acute subarachnoid haemorrhage following rupture
of one of two aneurysms of the circle of Willis, coiling was
performed on both. One patient suffered subarachnoid hae-
morrhage (SAH) from posterior inferior cerebellar artery
(PICA) aneurysm, which was subsequently coiled. One
patient had carotido-cavernous fistula successfully coiled.

In one case, AVM thrombosed spontaneously after minor
bleeding. We encountered only one bleeding in the group of

patients under observation: a 56-year-old patient with
parieto-occipital grade IV AVM suffered fatal devastating
heamorrhage after 10 years of observation.

Tables 3, 4 and 5 show the studies that helped to set the
values for comparisons with our own results [1, 3, 5–8,
12–18, 20, 22, 24–27, 29–59, 62–67, 69, 70, 72, 73, 75,
77–83, 86–100].

The method of weighted mean was used for this purpose,
the number of patients in each given study being the weight.
The probability of procedural complications in radiosurgery
is equal to the likelihood of bleeding during the three-year
period of latency and severe adverse events of irradiation.

Due to the fact that AVM is disease of young and mid
age, we have to make inferences at least 30 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 Fig. 2. Furthermore, on the
acceptance of 30 % probability of poor recovery after AVM-
related bleeding, thirty-year prospective period is plotted in
Fig. 3, 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 endo-
vascular groups, were used for constructing the graphs
based on our centre’s data. However, the values given for
radiosurgical treatment and for observation are derived from

Table 2 Achieved efficacy and morbidity and mortality of surgical
and endovascular treatment of AVM. Values in endovascular treatment
correspond to per patient/per session efficacy and M/M

Modality Efficacy [%] M/M [%]

Surgery overall 96.1 3.9

Surgery SM 1-2 100 0

Surgery SM 3 95.8 8.3

Surgery SM 4-5 83.3 16.7

Endovascular 32.7 / 18.4 4.1 / 2.3

M/M morbidity and mortality

Table 3 Overview of published
surgical series

M/M morbidity and mortality

Author Year N Age (mean) M/M [%] Efficacy [%] S-M grade

Abad 1983 70 11.0 81.4

Jomin 1985 128 21.0 92.9

Spetzler 1986 100 4.0 100.0 I–V

Andrews 1987 28 34 10.7 67.9

Heros 1990 153 8.4 100.0 I–V

Deruty 1993 64 18.8 93.7 I–V

Sisti 1993 67 1.5 94.0 I–III

Hamilton 1994 120 36 8.3 100.0 I–V

O’Laorie 1995 56 36 5.3 92.9 I–V

Tew 1995 39 30 15.4 97.4 III–V

Malik 1996 156 33 14.7 95.8

Schaller 1998 150 35 13.3 I–V

Pikus 1998 72 8.3 98.6 I–III

Hassler 1998 191 11.0 I–V

Pik 2000 110 38 2.7 98.8 I–III

Hartmann 2000 124 33 6.0 I, II

Solomon 2000 86 1.2 90.7

Stapf 2002 240 34 1.7 93.8

Morgan 2004 220 1.4 98.6 I, II

Lawton 2005 224 38 7.1 98.0 I–V

Spears 2006 175 40 13.5 I–IV

Our series 74 40 1.4 97.3 I–IV

Total 2573 36 7.3 95.9 I–V
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literary sources, since our LGK group is quite small and
atypical.

As for radiosurgery, an 8 % probability of bleeding was
used for the first three postoperative years—the period of
latency. All patients treated with the given method where
some AVM remnants are detectable are exposed to the
yearly probability of bleeding.

Discussion

Results of surgical treatment for pial AVM at our neurosur-
gical department, as well as results in the rest of the studies,
refer to a meticulous selection of patients. Figure 1 makes it
quite obvious that most of the higher-grade malformations
were dealt with by those methods other than surgical. The
preponderance of lower-grade AVM in the surgical group
compared to endovascular group (p00.003, chi-square test)
is attributable to the surgical centre’s preferences. Patients a

priori refusing surgical intervention often look for some
other therapeutic option themselves. In contrast, patients
with operable AVM who seek advice at the surgical centre
are mostly well disposed to resection from the outset. Our
results are comparable with the published ones [57, 71, 77].
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. Thus, the only decisive factor is the sur-
geon’s ability to weigh his/her own skills, as not even an
operation for a small AVM is an easy task.

The efficacy and rate of complications of independent
endovascular embolisation attained at our centre is fully
comparable with the average quoted in the rest of the pub-
lished results. However, assessed over a 30-year span of
time, the position of embolisation as an independent method
is debatable. An analysis of Fig. 2 will show that only after
10 years post-embolisation is the patient’s prognosis more
favourable than the natural course of the disease, with

Table 4 Overview of published
endovascular series

M/M morbidity and mortality

Author Year N Age (mean) M/M [%] Efficacy [%] S-M grade

Merland 1986 67 10.0 9.0

Vinuela 1986 30 5.5 III–V

Huang 1995 72 4.0 40.3

Lundqvist 1996 150 36 13.3 13.3

Debrun 1997 54 5.6 5.6

Sorimachi 1999 36 31 16.7 13.9 I–V

Valavanis 1998 387 2.6 40.0

Song 2000 70 42

Liu 2000 103 8.7 10.7 I–V

Hartmann 2002 233 36 3.0 34.0 I–V

Meisel 2002 450 30 8.0 16.0 I–V

Taylor 2004 201 36 11.0 0.0 I–V

Kim 2006 139 38 5.1 7.9 I–V

Ledezma 2006 168 41 9.2 2.5 I–V

Haw 2006 306 34 7.5 9.5 I–V

van Rooij 2007 44 42 6.8 15.9 I–V

Mounayer 2007 94 32 8.5 49.0 I–V

Weber 2007 93 38 12.0 20.0 I–V

Jayaraman 2008 192 6.3 9.9 I–V

Katsaridis 2008 101 11.0 27.7

Panagiotopoulos 2009 82 44 6.2 24.4 I–V

Pierot 2009 50 35 10.0 8.3 I–V

Gao 2009 88 29 3.5 26.1 I–V

Maimon 2010 43 31 2.3 37.0 I–V

Lv 2010 147 28 4.8 19.7 I–V

Xu 2011 86 30 4.7 18.6 I–V

Saatci 2011 350 34 7.1 51.1

Our series 49 41 4.1 32.7 I–V

Total 3836 34 7.1 22.1 I–V
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regard to potential risk of bleeding due to a ruptured AVM.
Analysing Fig. 3, we can see the point of intersection shift-
ing as far as 25 years from the treatment. On the whole then,
owing to its low efficacy and relatively higher rate of pro-
cedural complications in comparison with the other modal-
ities, the benefit of independent curative embolisation is
negligible, as it can never reach a significant difference
assessed against the natural course of the disease. The role
of endovascular treatment in the management of AVMs is
yet to be established. In our view, endovascular intervention
is an essential part of AVM obliteration, though solely for
selective embolisation of deep branches. As for the

superficial branches, embolisation is a counterproductive
approach, hampering subsequent AVM resection. The su-
perficial branches are easy to deal with after the dura is
opened, there is no need for obstructive surgical glue, and
in addition, anatomical orientation is better. Embolisation of
those branches will distend the deep feeders; their treatment
is already the hardest part of AVM surgery even without
embolisation. As we have seen repeatedly, even an embol-
ised vessel can bleed readily after being cut as a whole.
Arresting such haemorrhage is no easy task, as the glue
cannot be coagulated easily, nor the vessel clipped. Recent-
ly, some goups report much higher success rates [58, 70],

Table 5 Overview of published
radiosurgical series

M/M morbidity and mortality

Author Year N Age (mean) M/M [%] Efficacy [%] S-M grade

Colombo 1989 97 7.1 52.0

Lunsford 1991 227 1.7 80.4 I–IV

Coffey 1995 121 8.0 35.5

Kobayashi 1996 324 2.7 79.3

Aoki 1996 236 4.4 86.6 I–III

Karlsson 1997 945 31 56.0 I–V

Yamamoto 1998 53 11.3 60.4

Miyawaki 1999 73 30 13.7 38.4 I–V

Pan 2000 240 8.0 47.9 I–V

Kurita 2000 30 5.0 52.5

Massager 2000 87 37 8.4 73.0 II–III

Schlienger 2000 169 33 7.7 64.0 I–IV

Zhou 2000 132 3.8 73.7

Hadjipanayis 2001 33 32 9.1 70.0

Smyth 2002 40 10.3 40.0 II–V

Pollock 2003 144 7.7 76.0 I–V

Friedman 2003 269 11.0 53.0 I–IV

Zipfel 2004 268 10.0 57.8 I–V

Shin 2004 408 31 6.8 88.1 I–V

Veznedaroglu 2004 30 41 10.0 37.5

Izawa 2005 237 9.3 54.9 I–V

Maruyama 2005 500 32 7.2 91.0 I–V

Zabel 2005 110 40 11.8 52.7 I–V

Andrade-Soussa 2005 45 12.0 61.9

Andrade-Soussa 2006 38 40 8.0 60.5 II–III

Cohen-Gadol 2006 38 15 0.0 68.4 I–V

Reyns 2007 100 12 5.0 70.0 I–V

Kiran 2007 103 14 6.7 87.0 II–IV

Karlsson 2007 133 14.0 62.0 I–V

Liščák 2007 330 3.4 92.0

Javalkar 2009 37 2.7 46.5

Kim 2010 44 27 4.6 34.1 I–V

Yen 2010 186 13 1.1 58.6 II–V

Sun 2011 127 37 11.0 64.0

Blamek 2011 62 40 0.0 35.5

Total 6016 33 6.8 67.4 I–V
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but it is questionable whether these results are repeatable on
a much broader scale. Another important finding of this
study is the absence of correlation between AVM grade
and clinical outcome, meaning risk of endovascular proce-
dure is similar for all AVM grades. This result strongly
favours surgery with very low morbidity as a method of
choice for lower grade AVMs. New procedures, mainly 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
[58, 64].

In contrast, the position of radiosurgery remains unshake-
able in the treatment of AVM; objections can only be raised
against its unidirectional and liberal limits of indications.
What comes as a surprise in our milieu are the 20 % better
results than those commonly reported [45] (Table 5). Surgi-
cal treament of grade I and II AVM is associated with 0 %
probability of permanent deficit [19], at a well nigh 100 %
rate of efficacy. In view of this, a solid medical substantia-
tion 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 % [68].

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 70 % [42]. In the case of
larger-size AVM, a similarly very high efficacy is reported
after single or multiple irradiations. One study [35] men-
tions an efficacy of 62 % for a group of AVMs larger than
9 cm3; Sirin et al. [76] attained an efficacy of 50 % for
AVMs of more than 15 cm3 in size. On the other hand, there
have been cases of bleeding from an AVM, even after radio-
surgical treatment and angiographic evidence of its oblitera-
tion [9, 74]. 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 (three patients) of surgery on AVM after LGK
treatment. Nevertheless, it is a very optimistic experience;
the operations were not more difficult. 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 with regard to low-
grade malformations. This applies mainly to surgical resection
relative to stereotactic irradiation. True inter-modality cooper-
ation has been reached in grade III AVM, where preoperative
or pre-radiosurgical embolisation can facilitate obliteration
and reduce the risks of subsequent therapy [60]. What is still
missing, however, is clear evidence of this logical conclusion,
as some authors question the effect of pre-radiosurgical embo-
lisation [4]. 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 VAVMs are complex and large malforma-
tions; 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 ap-
proach 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 malforma-
tion blood flow. Today, most neurosurgical teams regard AVM
of grades IVand Vas 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, espe-
cially in young patients with high rupture-risk AVMs. In
patients treated by multimodal approach, each new step
should be established anew, according to the results of the
previous one. The team must not dogmatically follow the
management plan devised at the beginning of treatment.

During the construction of the two graphs, the constant
probability of AVM rupture was estimated at 3 % per

Fig. 2 Probability of bleeding in 30 year perspective

Fig. 3 Probability of poor outcome after bleeding in 30 year
perspective
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annum, leaving aside the opinion that during a few post-
rupture years the likelihood of AVM rerupture is prominently
higher; 6 to 18 % in the first year and gradually approaching
the initial value [2, 21].

The previous paragraphs discussed the decisive AVM-
related factors. The most important point here is the AVM
classification according to Spetzler and Martin. The
decision-making process invariably involves the need to
estimate the risks and efficacy of the therapy against the
hazards of the natural course. Apart from assessing the
AVM as such, it is necessary to weigh up a number of other
variables unrelated to the AVM. These are: 1) patient-re-
lated factors—the presenting symptoms of the AVM. A
patient whose AVM triggered only a single epileptic parox-
ysm needs an approach that is different from another patient
with recurrent AVM haemorrhage. The patient’s age is im-
portant; some statistics show that any active therapy in
patients over 45 years of age can no longer counteract the
risks of the natural course. Other patient-related factors
include concomitant diseases and ASA grade. A patient with
a congenital heart defect where anaesthesia would already
be dangerous should be recommended for radiosurgical
treatment. 2) Institution-related factors. Is the clinical
centre sufficiently experienced and equipped? Are the
results comparable with those reported in literature? Have
they been published? 3)Factors pertaining to the attending
physician/surgeon. These are the most difficult to evaluate.
As a rule, self-assessment is the least objective. However,
honesty is the most important quality of any physician. Ulti-
mately it is the patient, correctly and fairly informed, who
should have the main say in deciding on the therapy.

Conclusion

Backed by our experience of AVM treatment and by our
assessment of the likelihood of post-treatment haemorrhage,
we have devised the following algorithm of treatment:

1. Surgery is to be seen as the method of choice for AVM
of S-M grades I and II; as for grade III cases—only for
superficially localised lesions. Higher-grade AVMs are
only suitable for surgery in exceptional cases, palliatively
or in cases of recurrent haemorrhage.

2. Endovascular intervention should mainly be used for
preoperative embolisation (that in itself is questionable),
or as a curative procedure for lower-grade AVM in poly-
morbid patients, and again only palliatively for higher
grades—the steal phenomenon, intranidal aneurysm.

3. Stereotactic radiotherapy with LGK is advisable mainly
for poorly accessible, deep-seated grade-III AVM. In the
case of lower grades, the final decision is left to the
thoroughly informed patient.

4. Observation is to be taken as the method of choice for
AVM of grades IV and V, where active therapy repre-
sents a greater risk that the natural course of the disease.

Conflicts of interest None.
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