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Summary 
A series of 100 patients treated for a cerebral arteriovenous 

malformation (AVM) is presented. Patients were admitted between 
1985 and April 1992. Two groups are considered: the first group 
including 52 patients treated before the availability of radiosurgery 
(1985-1988), and the second group including 48 patients treated after 
the availability of radiosurgery (1989-1992). AVM's were classified 
in five grades according to the Spetzler's Grading System. 

Three techniques of treatment were used: surgical resection, in- 
travascular embolization (with cyanoacrylate), and radiosurgery (li- 
near accelerator). These three techniques were used either alone or 
in association, giving four types of management: surgical resection 
alone, embolization and resection, embolization alone, and radio- 
surgery (alone, or after embolization, or after surgical resection). 

From 1989 on, the availability of radiosurgery was responsible 
for the decrease of the "embolization and resection" group, which 
until then was predominantly used as well for low-grade (I, II, III) 
as for high-grade AVM's (IV, V). Overall, for the low-grade AVM's, 
the treatment of choice was surgical resection (79% of cases), with 
pre-operative embolization in one-half of these cases; the other low- 
grade AVM's were irradiated, with various combinations. For the 
high-grade AVM's, the treatment of choice was intravascular em- 
bolization (95% of cases), either alone, or followed by resection 
(45%) or radiosurgery (9%). 

Results were evaluated in terms of deterioration following treat- 
ment, in five groups: no deterioration (59%), minor deterioration 
(20%), long-lasting deficit (10%), major deterioration (5%), and 
death (6%). Overall, results improved after 1989: favourable out- 
come (no deterioration and minor deterioration) increased from 67% 
to 90%. Results were not related to the patients' age. More fa- 
vourable results were obtained for low-grade AVM's (93%) than 
for high-grade AVM's (60%). For the low-grade AVM's the evo- 
lution from 1989 on (favourable outcomes increasing from 89% to 
96%) occurred with the lowering of the mortality rate. For the high- 
grade AVM's, the evolution from 1989 onwards (favourable outcome 
increasing from 46% to 78%) occurred with the decrease of the cases 
with deficits. 

The angiographic results were strongly related to the manage- 
ment: 95% of complete eradication after surgical resection and 5% 

only after embolization alone. Concerning the results in irradiated 
cases, the follow-up is not long enough. 

The review of the neurosurgical literature since 1972 demon- 
strates progressive modifications in the therapeutic attitude as re- 
gards AVM's. The surgical management which was predominantly 
used at the beginning gave way progressively to a combined man- 
agement, with a combination of embolization, surgery, and lately 
radiosurgery. The authors' present attitude is in favour of combined 
treatment using the three techniques. Direct surgical resection is 
proposed for small and readily accessible AVM's. Direct radiosur- 
gery is proposed for small but deep AVM's or those located in highly 
functional areas. Intravascular embolization is proposed in every 
other situation. After embolization has been completed, totally era- 
dicated AVM's are left in place; no further treatment is proposed 
for AVM's which are still large with high surgical risk. AVM's which 
are sufficiently reduced in size are either operated on (if accessible) 
or irradiated (if deeply situated). When the results of radiosurgery 
are assessed with long enough follow-up (in terms of eradication and 
clinical outcome) the authors' attitude may either increase the role 
of radiosurgery or return towards surgical resection, depending of 
the quality of the results. 

Keywords: Arteriovenous malformations; embolization; radio- 
surgery. 

T h e  t h e r a p e u t i c  a p p r o a c h  to  C e r e b r a l  A r t e r i o v e -  

n o u s  M a l f o r m a t i o n s  ( A V M ' s )  has  been  m o d i f i e d  lately,  

w i t h  the  ava i l ab i l i ty  o f  n e w  t echn iques ,  such  as en-  

d o v a s c u l a r  e m b o l i z a t i o n  and  r a d i o s u r g e r y .  T h e  p lace  

o f  n e u r o s u r g e r y ,  wh ich  was  p r e d o m i n a n t  un t i l  the  ear ly  

e ight ies ,  h a p p e n s  to  be  r e d u c e d  to  n a r r o w e r  l imits ,  and  

surg ica l  r e sec t ion  s h o u l d  n o w  be c o n s i d e r e d  as one  o f  

severa l  t h e r a p e u t i c  m e t h o d s .  

N o w a d a y s  the  t r e a t m e n t  o f  ce reb ra l  A V M ' s  consis ts  

o f  a c o m b i n a t i o n  o f  severa l  t echn iques .  W h a t  is the  

p l ace  o f  e a c h  o f  these  t echn iques ,  a n d  pa r t i cu l a r l y  t h a t  

o f  surg ica l  r esec t ion ,  r e m a i n s  to be  assessed.  In  this 
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p a p e r ,  we  w o u l d  l ike to  r e p o r t  o u r  e x p e r i e n c e  in  t he  

c o m b i n e d  m a n a g e m e n t  o f  a ser ies  o f  100 cases  a n d  t o  

s t u d y  t h e  e v o l u t i o n  o f  i deas  in  th i s  f ield,  f r o m  t h e  n e u -  

r o s u r g i c a l  l i t e r a t u r e  o f  t h e  l a s t  t w o  d e c a d e s .  

Patients  and Techniques 

Patients: From 1985 to April 1992, 100 patients harbouring a 
cerebral AVM were treated in our department. We do not consider 
in this study the patients whose AVM was only diagnosed but not 
treated. 1985 is the year during which we were able to use the en- 
dovascular embolization techniques. Another year, 1989, is a tran- 
sition date, for from 1989 on we could use the radiosurgery technique 
(linear accelerator)*. So, our experience consists of two distinct pe- 
riods which appear quite comparable as far as the number of patients 
is concerned: a first period (1985-1988), with 52 patients, and a 
second period (1989-April 1992) with 48 patients. Overall, our pa- 
tients having been treated over a 7 years and 4 months period, the 
average of patients treated per year is 13.6 for the whole series, 13 
for the first period (1985-1988), and 14.4 for the second period (1989- 
1992). 

Age andsex." 66% of the patients were male and 33% were female. 
The age of the patients is shown in Table 1. Three groups were 
considered: 15-30 years old (young patients), 31-50 years old (mid- 
dle-aged patients), and 51-65 years old (older patients). When we 
compare the two periods, we see a tendency towards ageing after 
1989: decreasing number for the younger patients, and increasing 
number for the older patients (twice as many for the 51-65 years 
old group). 

Symptomatology: Signs and symptoms at the time of diagnosis 
and at the time of treatment are presented in Table 2. Between dia- 
gnosis and treatment, some patients happened to bleed or to have 
a seizure for the first time, which modified the percentages of each 
group of signs and symptoms. The sub-group "others" includes 
headache, deficits, or casual discovery. 

Table i. Patient's Age (Percentages) 

15-30 31-50 51-65 

Overall series 33 52 15 
1985 1988 44 46 10 
1989-1992 21 57 21 

Table 2. Signs and Symptoms (Percentages) 

Haemorrhage Epilepsy Others 

At the time of 38 38 24 
diagnosis 
At the time of 41 39 20 
treatment 

Site of A VM'S: The AVM location is presented in Table 3. We 
have a large majority of hemispheric AVM's, and a greater number 
on the side of the dominant hemisphere than on the minor hemi- 
sphere. 

Grading ofA VM'S: In this series, AVM's were graded according 
to the Spetzler's grading system 21, with three variables: size of AVM, 
eloquence of brain area, venous drainage. The distribution of AVM's 
in 5 grades is given in Table4. From 1989 onwards, we see the 
disappearance of grade V patients. This modification is probably 
due to the fact that, after 1985, with the availability of endovascular 
embolization, many of the grade V patients who had not yet been 
selected for treatment during the previous years were readmitted to 
undergo an embolization of their AVM, and so were numerous 
patients in the first period of our study. To simplify the study, we 
have considered together the low-grade AVM's (I, II, III) and the 
high-grade AVM's (IV, V), for the therapeutic problems are com- 
parable for the AVM's included respectively in each of these two 
sub-groups. This simplified classification is presented in Table 5. 

Table 3. AVM Site (Percentages) 

Major Minor 
hemisphere hemisphere 

Prefrontal 4 2 
Fronto-Rolandic 17 17 
Parietal 8 3 
Occipital 5 3 
Temporal 15 5 
Basal ganglia 6 5 
Splenium of c.c. 1 
Posterior fossa 9 

That is: 
hemispheric = 91% 
posterior fossa = 9% 

55 35 

Table4. Classification ofAVM'S (Spetzler Grading System) (Per- 
centages) 

I II III IV V 

Overall 2 28 26 35 9 
1985-1988 0 33 17 33 17 
1989-1992 4 23 33 40 0 

* Department of Radiotherapy. Prof. J. P. Gerard, Centre Hos- 
pitalier Lyon Sud, Lyon, France. 

Table 5. Simplified Classification of A VM's. Low grades and high 
grades (percentages) 

I, II, III IV, V 

Overall 56 44 
1985-1988 50 50 
1989-1992 60 40 
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Techniques of treatment: Three techniques of treatment were 
used: surgical resection, endovascular embolization (cyanoacrylate), 
and after 1989 radiosurgery (linear accelerator). The overall utili- 
zation of each of these techniques is presented in Table 6. 

A VM management: The three techniques above described were 
used either alone or in various combinations. So four therapeutic 
schemes may be described: 1) surgical resection alone, 2) emboli- 
zation plus surgical resection, 3) embolization alone, 4) radiosurgery 
(either alone, or after embolization, or after incomplete surgical 
resection). The actual management is presented in Tables 7, 8, and 
9. Radiosurgery cases appear only during the period 198%1992, as 
this technique was not available beforehand in our department. For 
the low-grade AVM's the treatment of choice was surgical resection 
(79% of cases), performed in half of the cases after endovascular 
embolization; the remaining cases were treated by radiosurgery, with 
various combinations. For the high-grade AVM's, the treatment of 
choice was endovascular embolization (95% of cases) either alone, 
or followed by surgical resection (45% of cases) or sometimes by 
radiosurgery (9%). From 1989 on, the availability of radiosurgery 
modified our therapeutic approach: the sub-group "Emboliza- 
tion + Surgical resection" greatly decreased for the low-grade 
AVM's (from 59 to 21%) and for the high-grade AVM's as well 

Table9. Grades IV, V. Management during the two periods(per- 
centages) 

1985-1988 1989-1992 

Surgical resection alone 4 0 
Embolization-resection 58 28 
Embolization alone 38 44 
Radiosurgery 28 

alone 6 
after embolization 22 
after resection 0 

(from 58 to 28%). For the low-grade AVM's this modification oc- 
curred to a lesser extent in favour of direct surgical resection (from 
30 to 45%) but to a greater extent in favour of radiosurgical cases 
(up to 30% of cases). For the high-grade AVM's, this modification 
gave benefit partly to the "embolizafion alone" group (which in- 
creased from 38 to 44%) but particularly to the "radiosurgery" group 
(28%). 

Table 6. Techniques of Treatment 

Surgical resection 65% 
Embolization 71% 
Radiosurgery 14% 

Table 7. Overall Series. Management according to the grading (per- 
centages) 

I, II, III IV, V 

Surgical resection 38 2 
Embolization - resection 39 45 
Embolization alone 7 41 
Radiosurgery 16 11 

alone 9 2 
after embolization 5 9 
after resection 2 0 

Table8. Grades L I I, IILManagement during the two periods(per- 
centages) 

1985-1988 1989-1992 

Surgical resection alone 30 45 
Embolization - resection 59 21 
Embolization alone 11 3 
Radiosurgery 30 

alone 17 
after embolization 10 
after resection 3 

Results 

Outcome Evaluation 

Results  were eva lua ted  in terms o f  de te r io ra t ion  fol- 

lowing t rea tment ,  in five groups:  1) N o  de te r iora t ion ,  

2) M i n o r  de te r io ra t ion  (hemianopia ,  m i n o r  aphas ia ,  

m i n o r  hemipares is  . . . ) ,  3) Long- las t ing  deficit  c rea ted  

by t r ea tment  (hemiplegia ,  m a j o r  aphas ia) ,  4) M a j o r  

de te r io ra t ion  (pat ients  being dependen t  for  self care), 

and  5) death.  The  sub-g roup  " long- las t ing  defici t"  

seemed jus t i f ied as it  includes pa t ien ts  who,  being hemi-  

plegic, canno t  be classified in the " m i n o r  de t e r io ra t ion"  

group,  but ,  being independen t  in the dai ly  life and  

somet imes  being able  to work ,  canno t  be classified in 

the " m a j o r  de t e r io ra t ion"  group.  Schemat ica l ly  these 

5 groups  can be cons idered  in a s impler  fashion  in 3 

categories:  1) f avourab le  ou tcome  (no or  m i n o r  dete- 

r iora t ion) ,  2) Long- las t ing  deficit,  3) un favourab le  out-  

come (major  de te r io ra t ion  and  death).  Such a simpli-  

f icat ion m a y  render  the results  more  unders tandab le .  

Outcome According to the Various Parameters 

Resul ts  are presented  in Tables  10 to 16. Overal l ,  

results  improved  after  1989: f avourab le  ou tcome  in- 

creasing f rom 67 to 90%,  with a decrease o f  bo th  the 

long- las t ing  deficits ( f rom 15 to 4 % )  and  the unfa-  

vourab le  results  ( f rom 18 to 6%).  Concern ing  the age 

o f  the pat ients ,  no difference was found  between the 

younger  pa t ien ts  (15-30 years)  and  the midd le -aged  

pa t ien ts  (31-50 years).  Better  results  were seemingly 
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Table 10. Overall Series. Outcome in terms of  deterioration 

No deterioration 59% 
Minor  deterioration 20% 

Long-lasting deficit 10% 

Major  deterioration 5% 

Death 6% 

That  is: 

favourable 79% 

deficit 10% 

unfavourable  11% 

obtained in the oldest patients (51-65 years), but with 
probably a bias due to patient selection and the pro- 
posed management. Results are better for the low-grade 
AVM's (93% favourable) than for the high-grade ones 
(60% favourable). In the high-grade AVM's, the rate 

Table 14. Grades L II, III. Outcome during the two periods (per- 

centages) 

Table l l .  Outcome Duringthe Two Periods(Percentages) 

1985-1988 1989-1992 

No deterioration 50 69 

Minor  aggravation 17 21 
Long-lasting deficit 15 4 

Major  deterioration 10 2 

Death  8 4 

That  is: 

favourable 67 90 
deficit 15 4 

unfavourable  18 6 

1985-1988 1989-1992 

No deterioration 77 72 

Minor  deterioration 12 24 

Long-lasting deficit 4 3 

Major  deterioration - - 

Death  8 - 

Tha t  is: 

favourable 89 96 

deficit 4 3 

unfavourable  8 0 

Table 15. Grades IV, V. Outcome during the two periods (percent- 

ages) 

Table l2. Ouwome According to t  he Age (Percentages) 

15-30 31-50 51-65 

No deterioration 58 57 73 

Minor  deterioration 15 20 20 

Long-lasting deficit 5 10 - 
Major  aggravation 3 10 - 

Death  9 4 7 

That  is: 

favourable 73 77 93 

deficit 15 10 - 

unfavourable  12 14 7 

1985-1988 1989-1992 

No deterioration 23 61 
Minor  deterioration 23 17 

Long-lasting deficit 27 6 

Major  deterioration 19 6 

Death  8 11 

Tha t  is: 

favourable 46 78 

deficit 27 6 

unfavourable  27 17 

Table 16. Outcome and Management (Percentages) 

Resection Embolization Embolization 
alone resection alone Table 13. Outcome According to the Grade (Percentages) 

I-II-III IV-V 

No deterioration 75 38 
Minor  deterioration 18 22 

Long-lasting deficit 4 18 
Major  deterioration - 13 

Death  4 9 

Tha t  is: 
favourable 93 60 
deficit 4 18 
unfavourable 4 22 

No deterioration 82 48 45 
Minor  deterioration 18 24 9 
Long-lasting deficit - 12 18 

Major  deterioration - 10 14 
Death  - 7 14 

Tha t  is: 
favourable 100 72 54 

deficit 12 18 
unfavourable  17 28 

Follow-up too short  for the group "radiosurgery".  No deteri- 

oration 86%, minor  deterioration 14%. 
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Table 17. Eradication and Management (Percentages) 

Resection Embolization Embolization 
a lone resection alone 

Total eradication 95 93 5 
Partial eradication 5 7 95 

Follow-up too short for the radiosurgery group. Total eradi- 
cation 14%, partial eradication 86%. 

Table 18. Eradication and A VM Grade (Percentages) 

I, II, III IV, V 

Total eradication 78 45 
Partial eradication 7 45 
Insufficient follow-up 15 9 

of deficits and major deterioration is relatively high 
(18 and 13%). From 1989 onwards, the modification 
of outcome for the low-grade AVM's is clear (from 89 
to 96% favourable), essentially due to the lowering of 
mortality rate. For the high grade AVM's the modi- 
fication of outcome after 1989 is also obvious (from 
46 to 78% favourable), mainly due to the decreasing 
of the deficit rate (from 27 to 6%). Concerning the 
type of management, the rate of favourable outcome 
decreases from the "resection alone" group (100%), to 
the "embolization resection" group (72%), and to the 
"embolization alone" group (54%). The latter group 
actually includes the less accessible AVM's and all the 
complications of the embolizationY 

A V M  Eradication 

The AVM eradication may be complete or partial. 
The results in terms of eradication are presented in 
Tables 17 and 18. The rate of eradication is obviously 
satisfactory after an AVM resection, either alone or 
with pre-operative embolization. Conversely the rate 
of eradication is very low (5%) after embolization 
alone. According to the AVM grade, the rate of eradi- 
cation is obviously more satisfactory in the low-grade 
group (78%) than in the high-grade group (45%). 

Discussion 

The review of the neurosurgical literature during the 
last twenty years demonstrates a progressive evolution 
in the therapeutic attitude as regards AVM's. 

Surgery was once predominantly used. Several con- 

secutives surgical series report the treatment of AVM's 
whatever be the location 1-27. Length of treatment and 
observation in these series is long, from 8 to 35 years: 
(from 8 to 10 years for 5 series, from 11 to 20 years 
for 9 series, and from 21 to 35 years for 3 series). The 
number of patients reported per series ranges from 50 
to 414 (from 50 to 100 for 7 series, from 101 to 200 
for 8 series, and over 200 patients for 3 series only). 
However, whatever be the duration of the study and 
the number of patients, the average of patients reported 
per year remains low: from 3 to 5 patients per year (4 
series), from 6 to 10 patients (8 series), from 11 to 15 
(3 series), and from 16 to 20 (2 series only). 

Concerning the type of management, 2 out of 3 of 
these series report both treated and untreated patients; 
the percentage of untreated patients may vary from 10 
to 20% (6 series), from 20 to 40% (5 series), and even 
to 50 % (1 series). The reason for conservative treatment 
rather than surgery is sometimes described 1' 12: first the 
operative risk, then the condition of the patient, the 
patient's refusal, and the insufficient symptomatology. 

The outcome is variously evaluated: several series 
consider the classical evaluation with so-called Good, 
Fair, Poor Result, Death. However this evaluation does 
not take into account the previous state of the patients. 
Other series consider the existence of a post-operative 
deficit 19, the working capacity 15, the improvement or 
the deterioration after surgery ~2' 25. Some authors 4' 22 
try to adapt these various evaluations, and respectively 
consider them together: Good Result and No Deteri- 
oration, Fair Result and Minor Deterioration, Poor 
Result and Major Deterioration. In such an evaluation 
one group seems to be missing: the group of those 
patients that Nornes 15 calls "unable to work but in- 
dependent"; actually these patients have a deficit but 
are independent for daily life and sometimes are able 
to work. In our own results we have considered this 
group under the denomination of "long-lasting defi- 
cit". When we try to evaluate the results reported in 
the consecutive series in the literature according to the 
above mentioned scale, we obtain the following figures: 
1) Good (No Deterioration) 52 to 82%; 2) Fair (Minor 
Deterioration) 4 to 29%, 3) Poor (Major Deterioration) 
2 to 8%, 4) Death 1 to 14%. To simplify these figures, 
we can consider a) Favourable outcome (1 + 2): 81 to 
95% and b) Unfavourable outcome (3 + 4): 5 to 19%. 
The mortality varies from 1 to 5% (7 series), from 6 
to 10% (3 series), and from 11 to 14% (6 series). The 
post-operative deficit may be important at first but is 
likely to improve later on 1~ 22 in 13 to 17% of patients. 
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The effect of surgical resection on Epilepsy is often 
studied. In cases with pre-operative seizures, epilepsy 
is reported to be cured in only 2 to 4% of cases, and 
to be unchanged in 11 to 33% of cases (average 25%); 
several series consider the results as "cured or im- 
proved" altogether, with very extreme figures varying 
from 4 to 89% (average 51%). In cases with no pre- 
operative seizures, surgery may precipitate epilepsy in 
7 to 29% of cases (average 16%). Several authors dis- 
cuss the indications for surgery on AVM's presenting 
with epilepsy. Surgery is sometimes considered as very 
effective for seizures 22 or conversely as completely 
ineffective 2, 7,16. For some authors, surgery is indicated 
only in cases with intractable epilepsy 4' 11.25 provided 
the AVM be readily accessible without excessive sur- 
gical risk. Davis 4 proposes the following scheme for 
indications for surgery: considering that intractable epi- 
lepsy is sometimes cured, that moderate epilepsy is not 
always cured, and that surgery may precipitate epi- 
lepsy, surgery in AVM presenting with seizures is in- 
dicated only for epilepsy related to the temporal lobe; 
in other locations, the AVM resection is less justified, 
unless this AVM is readily accessible. A study has been 
especially devoted to the outcome regarding epilepsy 
in AVM cases 27 and demonstrates that a complete cure 
of epilepsy may be achieved in 70% of-cases provided 
that surgery is directed not only towards the resection 
of the AVM but also towards the removal of epileptic 
foci remote from the AVM area. 

As far as other symptoms are concerned, haem- 
orrhage is, for every author, the primary indication 
provided the resection of the AVM is complete. Eve- 
rybody agrees that partial resection does not protect 
against the risk of fresh hacmorrhage. 

For the other signs and symptoms, opinions may 
vary concerning the indications for resection of the 
AVM. The isehaemic deficit is described as reversible 
after surgery 2, or with little modification 12 or even in- 
creasing in large malformations 13. The existence of a 
pre-operative deficit is often described as an unfa- 
vourable prognostic factor: for Drake 5, the outcome is 
favourable in 99% of cases without deficit but only 
favourable in 81% in cases with deficit. Headache is 
usually little modified 12 or is a poor indication 4. Dis- 
turbances of consciousness may be described as a good 
indication 16 for they are due to the presence of hae- 
matoma. However for the majority of authors 4' 9.22, 23, 
these disturbances are considered as an unfavourable 
prognostic factor, and should favour a leaning con- 
servative management. For Drake 5 and Sundt 22 the 

outcome is favourable in respectively 99% and 89% 
of cases without disturbances of consciousness, and 
only in 76% and 36% of cases with disturbances of 
consciousness. Due to the prognostic value of the level 
of consciousness, the timing of surgery is sometimes 
discussed15, 23 and late surgery is proposed, after im- 
provement of the acute symptomatology. 

Overall, the indication for surgical resection in AVM 
patients is widely discussed. During the seventies, the 
schemes for indications for surgery were very 
aggressive 2, 14, 17: every AVM should be operated on, 
whatever the situation (even deeply located) or the 
symptoms (even epilepsy alone). Mingrino 14 however 
considers some contraindications, related either to the 
size (diffuse AVM's) or the location (basal ganglia); in 
later years, some contraindications are progressively 
recognized. The patient's age is the first factor of re- 
striction: admittedly a greater surgical risk may be ac- 
cepted in younger patients, in whom the spontaneous 
AVM risk is higher; conversely in older patients con- 
servative management is more and more considered, 
as the surgical prognosis is less favourable 18, 23, the 
spontaneous risk of AVM is lower, especially in cases 
with no haemorrhage 12, and surgery actually gives little 
benefit to the life expectancy 9. The anatomy of the A VM 
is the second limiting factor, particularly the size and 
the location. The indication for surgical resection is 
usually accepted for the small malformations, in which 
the spontaneous risk exceeds the surgical risk 13 and in 
which good results may be obtained even in functional 
areas11; conversely, conservative management is more 
and more discussed for large AVM's, in which the 
surgical risk exceeds the natural risk after 40 or 50 
years of age 4' 10, 11. According to Herniesnemi 11, large 

AVM's located in central, thalamic, and mesencephalic 
areas, are probably inoperable with the techniques 
available in 1990. Eventually, in the eighties, more re- 
alistic schemes of indications for surgery are proposed. 
Guidetti 9 discusses first conservative management in 
the following situations: epilepsy associated with a large 
AVM and well controlled with antiepileptic drugs, eld- 
erly patients, patients presenting with disturbances of 
consciousness; in every other situation, surgery is in- 
dicated to prevent the haemorrhagic risk. Luessenhop 13 
considers surgery in small AVM's (diameter under 
4 cm) in which the spontaneous risk is higher than the 
surgical risk, and recommends conservative manage- 
ment in large AVM's (over 4 cm in diameter) in which 
the surgical risk after the fifth or sixth decade exceeds 
the natural risk. Furthermore, an ischaemic deficit or 
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epilepsy associated with such a large AVM is a contra- 
indication, as the post-operative deficit will probably 
be greater than the deficit due to the natural history; 
overall for Luessenhop, the surgical risk is better than 
the natural risk in about 65 to 70% of all cases. 

Two studies deal with a decision analysis 3" 6 con- 
cerning unruptured AVM's the aim of these studies 
being to compare the respective benefit of either sur- 
gical resection or conservative management. In Fisher's 
study, the parameters are not only the patient's age, 
the natural history of unruptured AVM's, but also the 
results obtained by the neurosurgeon and the patient's 
wishes. The conclusions are as follows: in a young 
patient (from 25 to 35 years), in order to obtain an 
effective surgical benefit, the outcome should stay in- 
side the limits of 5.5% for the mortality and 9% for 
morbidity; in an older patient (55 years) the respective 
limits are 2% and 10%. Beyond these figures, no sur- 
gical benefit is given to the patient. Auger's conclusions 
are similar: given the present standards of surgical re- 
sults (as published in the literature), the resection of 
an AVM with a size and a location favourabte is jus- 
tified up to the age of 44 years; surgery in older patients 
(up to 60 years) would not be justified without an 
improvement of the present standards, in terms of mor- 
tality and morbidity. 

More and more papers deal with embolization and 
combined treatments (combining embolization and sur- 
gical resection) 28-72. However, the study usually con- 
sists of a limited number of patients: less than 50 pa- 
tients for most of the series, 4 series include respectively 
50 to 136 patients 3~ 52, 61, 71. Four techniques of em- 
bolization are proposed: the intra-operative emboli- 
zation of cervical arteries, the intra-operative emboli- 
zation of intracranial arteries, the endovascular em- 
bolization through femoral catheterisation, and the in- 
tra-operative arterial occlusion with a balloon, either 
temporarily or permanently. This latter technique de- 
scribed by Suzuki  69 and used also by Halbach 45 actually 
does not seem very often utilized, compared to the other 
three. There is a general agreement to acknowledge 
that Luessenhop was the first to describe the emboli- 
zation technique in the management of cerebral 
AVM's, from 1960 onwards 5~ 51. The technique of 
Luessenhop was an intra-operative embolization of the 
cervical arteries (Common, internal and external ca- 
rotid arteries, sub-clavian artery): the artery was dis- 
sected in the neck and embolized with silastic spheres. 
Several authors used this technique of Luessenhop later 
0n49, 68. George43 described a similar method to em- 

bolize the vertebral artery at the C 1-C 2 level. The 
intra-operative embolization of the intracraniat arteries 
which is the second possibility was described during 
the early eighties 3~ 31, 33-36, 61, 62, 65-67, 72; in this tech- 

nique, the feeders of the AVM are approached through 
a bone flap, they are dissected, catheterized, and in- 
jected either with a polymer (cyanoacrylate) or with 
particles (Ivalon). Per-operative angiography is per- 
formed to control the filling of the AVM. However, at 
the present time, most authors favour pre-operative 
embolization by femoral catheterization 3~ 32, 33, 39, 40, 41, 

45, 61, 64-67, 70, 71 Historically many embolizing sub- 

stances were advocated and used: detachable balloons, 
particles (Silastic, Latex, PVA), polymers (cyanoac- 
rylate IBCA or NBCA, EVAL), metallic coils, threads. 
Many questions arise and are discussed concerning the 
embolization technique: when the embolization should 
be stopped 56' 68? What is the toxicity of the various 
embolizing materials 59' 61? The possibility of revascu- 
larization of the AVM after embolization is often dis- 
cussed. Such re-irrigation may occur through a colla- 
teral blood supply, when the occlusion of the nidus was 
not complete 32' 39, 46, 52, 68, and so the conclusion arises 

that the embolization should concern the nidus itself 
and not only the feeders; Debrun 33 and Purdy 61 point 
out that the detachable balloons are not able to achieve 
this goal, and that a tissue adhesive or particles should 
be used for embolization of an AVM. However even 
in those cases in which the nidus itself was properly 
occluded, a canalisation of this nidus may occur, such 
as is described in cases with cyanoacrylate occlusion 35' 
36, 48 or in cases with PVA particles occlusion 44. In some 
cases, the pathological examination of the resected 
AVM demonstrated the presence, inside the occtuded 
nidus, of newly formed capillaries and normal red 
blood cells; such a repermeation is described to take 
place early, within 4 weeks after embolization, in about 
18% of cases 44. The extension _of embolization is often 
considered. In most cases the occlusion of the nidus 
after embolization is only partial. The occlusion is de- 
scribed as complete in only 0 to 17% of cases 33' 39, 49, 

52. When the occlusion is partial, as most often ac- 
knowledged, the shrinkage rate of the nidus may vary 
inside wide limits: sometimes the reduction rate is low, 
with an average of 37% for Pasqualin 58, sometimes the 
rate is higher: from 50 to 75% in 2/3 of the cases, and 
from 75 to 90% in 1/3 of the cases for Vinuela 71. How- 
ever, for Fournier 39 the occlusion rate cannot reach 
over 60% when the AVM nidus is supplied through 
more than 2 arterial groups. The complications of the 
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embolization technique are often reported 54 and may 
be of ischaemic origin (proximal arterial thrombosis, 
spasm, embolus), or due to haemorrhage (rupture of 
a residual nidus, associated aneurysm). The incidence 
of these complications is not easy to assess: haem- 
orrhage is reported in 7 to 11% of cases 29,59. Fournier 39 
reports permanent complications in 8% of cases, and 
transient complications in 16%. Vinuela 71 describes the 
following complications: minor and moderate 11%, 
severe and death 3%. And recently Benati reports 7% 
of transient deficits, 7% of permanent deficits, and 
1.4% of death. The embolization technique may be 
used either alone or combined with other techniques 
of treatment. Out of 28 series, the embolization tech- 
nique was used as sole method of treatment in five 
series (18%), was combined with surgical resection in 
20 series (71%), and combined with surgery or radio- 
surgery three times (11%). The embolization alone was 
used either in every c a s e  49' 57 or only in malformations 
thought as "inoperable ''3~ 31, 33.35, 36, 38, 52, 53. The out- 

come of such an isolated treatment with embolization 
are variously reported. K u s s k e  49 and Luessenhop 52 re- 
ported an improvement of deficits, of seizures (in 40% 
of cases) and of headache. Benati 3~ found also an im- 
provement in the frequency and severity of headache, 
a moderate effect on the frequency of seizures, and a 
poor result on the progression of neurological deficit. 
However, the main point in this discussion is the pre- 
vention ofhaemorrhage: Is the embolization technique, 
used as sole treatment, able to prevent the rupture, or 
the re-rupture, of the AVM? Possibly for some au- 
thors 31, certainly not for others 35, 36,49 and in any case, 

a very long follow-up will be necessary to confirm the 
opinions33, 56. Actually, the haemorrhagic risk after em- 
bolization alone has been studied. Luessenhop 52 re- 
ported a low risk (5% within 4 years) for the AVM's 
without previous haemorrhage, and a high risk (50% 
within 4 years) for the AVM's having already bled. 
Fournier 39, with a follow-up of 2 to 6 years, and 
Benati 3~ with a follow-up from 4 to 7 years, found that 
after embolization, the risk rate is identical to the risk 
rate of the natural history. 

In most papers however, the embolization technique 
is combined with the surgical resection of the AVM 29' 
30, 33, 35 37, 40, 41, 46, 48, 54, 57, 61, 65-68, 71. Several ideas gave 

way to this combined management: embolization does 
not protect against the recurrence of haemorrhage; a 
complete occlusion of the nidus by means of emboli- 
zation alone may be obtained in AVM's of low-grade 
with few feeders 33' 39, but usually is not obtained in 

high grade malformations fed by numerous arteries. 
But these low-grade AVM's have a low surgical risk 
which is not improved by the embolization technique 71 
and Luessehop 54 states that the best indications for 
embolization are also the best indications for surgery. 
Eventually39, 54 the main role of the embolization tech- 
nique should be the conversion of a large and inop- 
erable AVM into a smaller AVM, accessible either to 
surgery, or to radiosurgery. In any case, a multidisci- 
plinary approach appears indispensable 42, 60, 7a, with 
cooperation between the various specialists dealing 
with the management of AVM's (Neurosurgeon, Neu- 
rologist, Neuroradiologist, Radiotherapist). 

Various schemes of combined management have 
been proposed for the treatment of AVM's. The Spetz- 
ler's scheme 66, 67 was designed to occlude and resect the 
high-grade AVM's: Endovascular embolization of 
feeders coming from the external carotid artery, intra- 
operative embolization of feeders coming from the in- 
ternal carotid artery, then surgical resection, in several 
stages if necessary. Albert's scheme 28 is based upon the 
size and the location of the AVM. Small and middle- 
size AVM's in non-functional areas are operated upon, 
as radiosurgery does not protect against haemorrhage 
during the first year; small and middle size AVM's in 
highly functional areas are proposed for embolization 
or radiosurgery; the large AVM's with numerous drain- 
ing veins are not an indication for direct surgery (their 
spontaneous haemorrhagic risk is low); radiosurgery 
for these large AVM's is, at the present time ineffective; 
so these large AVM's should be embolized, in order to 
make them accessible either to resection or to radio- 
surgery. Recently, Gentili 42 and Benati 3~ proposed very 
similar schemes. Overall for Luessenhop 53 50% of 
AVM's are accessible to direct surgical resection, 25% 
can be treated with embolization or combined man- 
agement, and for the remaining 25%, no treatment is, 
of now, strictly established. Vinuela 71 advises endo- 
vascular embolization rather than intra-operative em- 
bolization, to avoid multiple craniotomies. 

The interval between embolization and surgery is still 
under discussion: either a short interval, within 24 
hours 46, or several days to several w e e k s  52. For Stein 65 
and Pasqualin 58 an interval of a few days is too short 
and as it favours the complications; a long interval 
(several weeks) may give way to the development of a 
collateral blood supply; the ideal internal would be 
from 1 to 2 weeks. Is an embolized AVM easier or 
more difficult to resect? Various opinions have been 
expressed: the surgical resection was described as more 
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difficult when the AVM has been transformed into a 
hard mass by the cyanoacrylate 61' 62, 66, 67. Conversely, 

the resection was also described as easier under the 
same circumstances 35' 36, 71, the hardness of the tumour- 
like AVM being not a disadvantage, but on the contrary 
an advantage. Other authors 58' 68 without considering 
the nature of the embolizing material, found the AVM 
resection easier after embolization. 
Results o f  the combined treatment are sometimes dif- 
ficult to assess from the published series. It is not easy 
to find what are the complications either of the em- 
bolization procedures, or of the surgical resection, or 
of both. Overall, the following figures can be accepted: 
mortality between 0 and 6%, major morbidity between 
2 and 11% 29, 35, 36, 39, 68, 71. Originally, the aim of these 

combined treatments was to suppress or to diminish 
the complications (Breakthrough theory 66' 67). Is this 
aim achieved? The answer is yes for some authors 63' 
66, 6v. For others, this goal is only partially reached: 
Pasqualin 5s noted a lower rate of intra-operative hae- 
morrhages, a lower rate of post-operative deficits, but 
the same rate of post-operative haemorrhages. And for 
some authors, the answer is categorically " N o  ' '47' 56. 

for these authors, combined and multiple treatments 
are dangerous for several reasons: they increase the 
ischaemic risk (adding an acute ischaemia to the 
chronic ischaemia due to the AVM); the optimal chro- 
nology between the various procedures is not really 
known and the haemorrhagic risk may be higher in 
between; last of all, the surgical difficulties are in- 
creased, as the delay between the various procedures 
may favour the development of a collateral blood sup- 
ply, particularly where there are deep feeders. 

Radiosurgery is the most recent technique applied 
to the treatment of cerebral AVM's. Radiosurgery may 
be used either alone or combined with other techniques 
(embolization and surgery). Publications in the neu- 
rosurgical literature are still small in number 73-87 since 
Steiner's initial paper s3. Recently, Steiner 84-85 sum- 
marized his experience with the Gamma-Knife tech- 
nique, reporting 247 cases over a 14 years period, 94% 
of whom having suffered with at least one haem- 
orrhage. He studied the protective effect against haem- 
orrhage in incompletely obliterated AVM's and found 
1) with the person/year method, a risk identical to that 
of the natural history (2-3 % per year) and 2) with the 
Kaplan-Meier life-table a risk of 3.7% until 60 months 
after radiosurgery. An overview was established in 1990 
by Ogilvy 82 who compared the outcome of the various 
techniques of radiosurgery (Gamma-Knife, Linear Ac- 

celerator, Heavy Particles): all techniques included and 
with a follow-up of 2 years, the haemorrhagic risk after 
radiosurgery was from 2 to 2.6% per year (similar to 
the risk of the natural history); the risk of deficit after 
irradiation was 1.7% to 4% taking all techniques to- 
gether, 2 to 3% for the Gamma-Knife and 3% for the 
Linear Accelerator. Ogilvy concluded that 1) the effi- 
cacy of radiosurgery is proven; 2) There are failures 
with incomplete occlusion of the nidus and then sub- 
sequent haemorrhages; 3) Complete angiographic de- 
struction occurs for small malformations (from 2.5 to 
3 cm in diameter), but for the large AVM's the tech- 
nique is still under evaluation; 4) For the present time 
radiosurgery should be reserved for truly inoperable 
malformations and requires excellent collaboration be- 
tween neurosurgeons and radiotherapists. 

In our personal experience, the advent of radiosur- 
gery, in 1989, definitely modified our therapeutic ap- 
proach for cerebral AVM's, as has been outlined above 
under '~ management". 

The overall improvement of our results is clear, as 
the favourable outcome rate increased from 67% to 
90% all grades included, from 89% to 96% for the 
low-grade AVM's, and from 46% to 78% for the high- 
grade group. Such an improvement is for us a reason 
to maintain our attitude. In our approach our man- 

agement at thepresent time is not far from that proposed 
by Albert 29 and Gentili42: the small and readily acces- 
sible AVM's are directly operated upon. The small and 
deeply situated AVM's are directly irradiated. In every 
other case, we propose first endovascular embolization, 
with as many procedures as it is necessary to reduce 
the nidus. The interval between each embolization sit- 
ting may vary according to the size of the AVM, the 
disposition of the patient, the possible onset of a com- 
plication; the longer the interval, the greater the risk 
of development of new collateral channels. The usual 
interval is 1 or 2 weeks, but in some very large AVM's 
the embolization procedures may be performed over 
several months. After the embolization has been com- 
pleted to its maximum, three situations may occur: 1) 
the AVM is completely obliterated (this eventuality is 
unfrequent, 5% of cases in our experience); we do not 
usually propose surgical resection, although we are 
aware of the possibility of further recanalisation of the 
nidus. 2) The AVM is still too large to be irradiated 
(more than 3 cm in diameter), and the surgical resection 
still appears hazardous; we stop the therapeutic pro- 
cedures, being well aware of the persistent haemor- 
rhagic risk. 3) The AVM nidus is sufficiently reduced 
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to allow a further  therapeutic  approach:  for accessible 

mal format ions ,  the choice is between radiosurgery 

(with a diameter  less than  3 centimeters) and  direct 

surgical resection (more and  more  patients,  nowadays,  

are asking for radiosurgery);  for deep A V M ' s  we pro- 

pose radiosurgrey.  

So, overall we favour  now the radiosurgery tech- 

n ique  rather  than  surgical resection, either on the basis 

of the pat ient ' s  wishes, or with the idea of  an  evaluat ion  

of the method.  So far, our  fol low-up is quite inadequate  

and  it is no t  possible for us to evaluate either the clinical 

outcome (in terms of deteriorat ion),  or the angio- 

graphic eradicat ion rate. In  the future, should the eval- 

ua t ion  of the radiosurgery technique be positive ac- 

cording to these criteria (clinical and  angiographic  out-  

come), we will ma in t a in  this approach.  Conversely, 

should we see the occurence of  complicat ions  either 

radionecrosis  or subsequent  haemorrhage  of an un-  

acceptable rate, or should the angiographic  eradicat ion 

rate remain  low, we will re turn  to surgery, the place of  

which will then appear  less limited. 
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