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OBJECTIVE AND IMPORTANCE: W e describe the successful treatm ent o f 
symptomatic giant arteriovenous m alform ations (AVMs) using staged
volume radiosurgery fo llow ed  by m icrosurgical resection.

CLINICAL PRESENTATION: A 57-year-old man presented w ith  Spetzler- 
Martin Grade 5 AVMs, w ith  persistent headaches and seizures. He had 
previously undergone eight attem pts at AVM  em bolization and a cran i­
otomy for attempted A V M  resection; he had suffered fou r episodes o f 
brain hemorrhaging but had made a good neurological recovery.

INTERVENTION: Because o f the persistent symptoms o f the patient and his 
history of hemorrhaging, a treatm ent plan based on staged radiosurgical 
treatments of d iffe ren t portions o f the AVMs (three sessions, spaced 6 mo 
apart), followed by delayed m icrosurgical removal o f the much-reduced 
residual AVMs (3 years la ter), was undertaken. The patient did not suffer 
any additional hem orrhaging episodes, his AVMs were com pletely re­
moved, and he has made a good recovery.

CONCLUSION: Staged volum e radiosurgery fo llow ed by m icrosurgical re­
section of the residual AVMs represents a novel treatm ent strategy fo r the 
management o f Grade 5 AVM s that m ight be untreatable by any single 
treatment method used alone. (Neurosurgery 43:1223-1228, 1998)
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T h e  s u c c e s s fu l tre a tm e n t ° ^ rrn a -
1  com p lex, a rte rio v e n o u s  iQ c a tio n S

fo rts  (A V M s ) in  c r it ic a l . o d a \ it y
rem ains a  c h a lle n g e . b i n a tio n s
treatm ent s tra te g ie s  u s in g  a n (j  ra -
ot e m b o liz a tio n , m ic ro s u rg e  ^  ^
d iosu rge ry a llo w  Sre a te r ’UT . . cc e s s fu lly  
fo n ts  w ith  A V M s  to  e b e  a
M e d  C , 4, 5, 8 , to, 151. ^ f rU o -
new a p p ro a ch  o f s ta g e d  v o  crO Su r -  
surgery fo llo w e d  b y  d e la y e  ^  g ia n t  
grcal re se c tio n  to r  a p a n e

A V M s  that cou ld  not b e  su ccess fu lly  
e l im in ated  b y  e ith er  ra d io su rg e ry  or  m i­

c ro su rg e ry  alone.

CASE REPORT
A  52-y ear-o ld ,  r ig h t-h an d ed  m a n  in i­

tia lly  p resen ted  to a n o th er  institu tion  
with right hem iparesis  after intraventric­
ular and left parietal hem orrhage. A n ­
giography disclosed giant left frontoparieto- 
nrrinital A V M s, m easuring  5 X 9 X 6  cm,

which w ere  determ ined to be unresect- 
able at that time. T h e  patient u n d erw en t 
six a ttem pts at em bolization  (using Gel- 
foam  [The U pjohn Co., K alam azoo, MI] 
and polyvinyl alcohol particles) in the 2 
years after d iagnosis, w hich  resulted in 
partial n idus obliteration, but he sus­
tained another  hem orrhage, causing  right 
hem iparesis  and m od erate  aphasia. H e 
m ad e an excellent recovery from  this 
event, p rom p tin g  tw o additional attem pts 
at em bolization using particles, w hich  re­
sulted in further partial n idus reduction. 
T hree  years after his initial presentation, 
the p atien t  co n t in u e d  to e x p e r ie n c e  d e ­
b il i ta t in g  h e a d a c h e s ,  se izu res ,  and in te r ­
m itten t  r ig h t-s id ed  p aresth es ia  and 
h em ip ares is .  In an  a t te m p t  to a m e lio ra te  
his s y m p to m s  and  p ro tec t  h im  fro m  a n ­
o th er  h e m o rrh a g e ,  a c ra n io to m y  w a s  
p e r fo rm ed  to su rg ica l ly  l igate  and  d i­
rectly  e m b o liz e  m a jo r  fee d in g  vessels .  
P o s to p era t iv e ly ,  the p atien t  w a s  h e m i­
p leg ic  on  the r ight an d  m o d e ra te ly  g lo ­

b a l ly  aphasic .
In the next 2 years ,  the p atien t  m a d e  a 

g o o d  reco v e ry  d esp ite  an  a d d it io n a l  
h e m o rrh a g e .  H e  exh ib ited  o n ly  su b tle  
w o rd -f in d in g  d iff icu lt ies  and o n ly  m ild  
r ight h em ip a res is .  H e  co n t in u e d  to be  
p lag u ed  b y  sev ere  occ ip ita l  h e a d a ch e s ,  
r ight a rm  p aresth es ia ,  and  freq u en t  se i­
zu res ,  d esp ite  a p p ro p r ia te  a n t ic o n v u l­
sant treatm ent.  H e  su sta in ed  a n o th e r  in ­
trav en tr icu lar  h e m o rrh a g e .  W h e n  the 
p atien t  w a s  57  y ears  o f  age , g iv en  his 
p ers is t in g  s y m p to m s  and  rep ea ted  h e m ­
o rrh a g in g ,  a p lan  w a s  fo rm u la te d  to 
p er fo rm  stag ed  ra d io su rg ica l  t rea tm en t  
o f  d ifferen t  v o lu m e s  of  the A V M s ,  at 
6-m o n th  in tervals ,  until  all p o rt io n s  of 
the A V M s  had b e e n  irrad ia ted . W e  
p lan n ed  to fo l lo w  the o b li te ra t iv e  re ­
sp o n se  w ith  serial c o m p u te d  to m o ­
g ra p h ic  im a g in g ,  h o p in g  that c o m p le te  
ob litera tion  m ig h t  b e  a ch ie v e d  in the 
su b se q u e n t  5 y ears  (Fig. 1).

T h e  p atien t  u n d e r w e n t  s tereo tact ic  
a n g io g ra p h y -g u id e d  ra d io su rg e ry  on  
three  o cca s io n s  d u r in g  the next 18 
m o n th s .  Initially , the  a n te ro in fe r io r  
c o m p o n e n t  (su p p lied  b y  the  left in ternal 
carotid  artery) and  the p o ste ro in fer io r  
c o m p o n e n t  (su p p lied  b y  the left p oste-
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FIGURE 1. Axial co n tra s t -en h a n ce d  
com p u ted  to m o g rap h ic  scans before  
(A) and after  (B ) staged volum e gam m a 
knife radiosurgery. After radiosurgery, 
th ere  w as partial nidus ob litera tion  and 
a n o tab le  d e cre a se  in the volum e and 
ca l ib er  o f  large draining veins, a fac tor  
that facilitated  subsequ ent m icrosu rg i­
cal rem oval o f  the AVMs.

rior cerebra l  artery) o f  the A V M s  w ere  
irrad ia ted , each  w ith  15 G y  at the 50%  
iso d o se  (m a x im u m , 30 G y) (Fig- 2). Six 
m o n th s  later, the a n te ro su p e r io r  c o m p o ­
nent (supplied  b y  the left in tern al  c a ­
rotid artery) and the p o s te ro su p e r io r  
c o m p o n e n t  (supplied  by  the m id d le  and 
p oster io r  cerebral arteries)  w ere  irrad i­
ated , each  w ith  15 G y  at the 50%  iso d o se  
(m a x im u m , 30 G y) (Fig. 3). A third  ra ­
d iosu rg ica l  sess ion  6 m o n th s  later d e l iv ­
ered an ad d it io n a l  15 G y  at the  50%  
iso d o se  m arg in  to the re m a in in g ,  p re v i­
o u sly  n o n irrad ia ted  p ortio n  o f  the 
A V M s  (m a x im u m , 30 G y) (Fig. 4). In the 
3 years  after  the third rad io su rg ica l  
trea tm en t,  the patient ex p er ien ced  no 
ad d itional h e m o rrh a g ic  e v en ts  and n o  
n ew  n eu ro lo g ica l  deficits . R e p e a t  c o m ­
puted to m o g ra p h ic  im a g in g  sh o w ed  
partial A V M  ob litera tion  and a n otab le  
d ecrea se  in the ca lib er  of  la rg e  d ra in in g  
veins  that had p osed  p ro b le m s  in p re v i­
o u s  o p era t io n s  (Fig. 1).

T h e  A V M s  w ere  then th o u g h t to be 
resectab le ,  and resection  w as  r e c o m ­
m en d ed . D u rin g  su rg ery ,  fram eless  s te ­
reotactic  g u id a n ce  w as  used. U pon  e x ­
p o su re  of the bra in , the A V M s  ap p eared

Hhik.

r i

FIGURE 2. Angiograms obtained at the time of  the first radiosurgical treatment. The 
total AVM volume is outlined in the lateral (A) and anteroposterior (B ) left internal 
carotid artery in jection angiograms. A rea s  e n c ir c l in g  t h e  n u m e r a l  1, areas targeted in 
the first radiosurgical treatm ent. Note the large portion of the AVMs supplied by the 
left vertebral artery (C ).  There was both cortical and deep venous drainage (D).

less en g o rg ed  than  p re v io u s ly ,  w ith  
smaller draining veins. T h e  brain  tissue 
surrounding  the A V M s appeared firm 
and gliotic. A resection plane w as  easily 
developed betw een  the A V M s and the 
gliotic brain tissue, facilitating com p lete  
removal. A postoperative an g io g ram  co n ­
firmed com p lete  A V M  rem oval (Fig. 5). 
In histopathological sections, the A V M s 
show ed m arked  hyalinization and thick­
ening of blood vessel w alls  and  occlusion 
or partial occlusion of so m e vessels w ith 
em bolic  material from previous em b o liza ­
tions, with a surrou nding  rim of gliotic 
brain tissue (Fig. 6). Postoperatively , the 
patient dem onstrated  right hem iparesis  
and w orsened aphasia. After a 6-m onth  
follow -up period, he lives independently , 
exhibits mild aphasia and mild right 
hem iparesis , and has returned to his base­
line level of functioning.

DISCUSSION

G iv e n  the c o n s id e ra b le  trea tm en t-  
related m o rb id ity  and m orta li ty  rates

» J

for giant A V M s, the key to their m a n a g e­
ment involves determ ination of w hether

t risks o f  su rg ery  outw eigh the risks of 
t h e  natural h istory  for each lesion (1,16). 

n  f radin§  sca ,e  Spetzler and Martin 
la s  pro\ en  u sefu l  (6) for preopera-

AwVaSSeSSm ent o f  th e  su rgical risk of
A V M  resec t io n .  T h e  G ra d e  5 AVMs de- 

>td in this rep o rt  w ould  have a 19%

i o c g R a I  n S k  ° f  a  m in o r  d e fic it  and a 
c su rg ica l  r isk  o f  a m a jor  deficit. The

p M icn ^  w o u l d  b e  e x p e c t e d  to have a 

i *°. ^  '[ o v era l l  risk o f  neurological
surgery to re- 

A V M s  an d  an approximately 
c h a n c e  o f  a p e r s i s t e n t  late deficit 

6, 14). It is im p o r ta n t  to note, however, 
t la t  th e se  r isks ot defic its  w ere derived
ro m  o b s e rv a t io n s  o f  patients  for whom 

c o m p le te  resection  w as  possible (a se­
a t e d  g r o u p ) ;  therefore ,  the surgical 

r isks for the p atien t  described in this 
rep o rt  m ig h t  a c tu a l ly  h av e  been higher. 

e ro s  et al. (8 ) rep orted  a "good" or 
e 11 lent e a r ly  p osto p era tiv e  outcome 

for o n l y  2 8 .6 %  o f  21 patients  with Grade 
A V M s ,  w ith  a late morbidity/ 

m o rta l i ty  r a t e  o t  38 .4%  (5). In theconte\ t  
ot th ese  resu lts ,  H e ro s  and Tu (7) urged
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GURE 3. Angiograms o b ta in ed  at the  tim e o f  the secon d  radiosurgical treat-  
ent. The AVMs are show n in the  lateral (A) and an tero p o ster io r  (B )  left internal 
irotid artery in jection an g io g ram s and in the  lateral (C )  and an terop oster ior  
)) left vertebral artery in jec t io n  an giogram s. A r e a s  e n c i r c l in g  t h e  n u m e r a l  2, 
eas targeted in the seco n d  radiosurgical trea tm en t.  A r e a s  e n c i r c l in g  t h e  n u m e r a l  
' Previously treated areas.

• iw  a p p ro a c h in g  s u c hcaution in surgically 1 V c a r e fu l
i\VMs and discussed a  J  seleC.
decision-making p ro c e s s  1 E n te r -
tion of such patients for  s u  ^  d e -
ing into th e  d e c is io n -m a K in g t th e

scribed by H eros a n d  u  ^  i n

suracal treatment ot s  ^ u p ren t  in
addition to the r isk  f a c t o r s 1

arethe Spetzler-Martm c la ss i  i c  ^ o -
such incalculable factors  a s  \e -
logical reaction of  the  p a t ie n  a n d
sion, the occupation o f  th e  p a  ^  ^

the prior experience o f  th e  sU J  totnS/
similar lesions. P ro g ress iv e  y ^  o r
referable to either h e m o rr h a g e ,  ^ e r -  
seizures, are additional r e a s o n s  ^
vene surgically. T h e  p a t ie n t  t  lsc r  . e  

flus report dem onstrated  P r̂ d a c h e s, 
deterioration resulting f r o m  c 
seizures, and repeated  h e m o r r h a g

d e sp ite  m u lt ip le  a t te m p ts  at e m b o l iz a ­
tion and  p artia l  resection . T h is  repeated  
h e m o rrh a g in g  p ro m p te d  us to d e v e lo p  
a n e w  a p p ro a ch  to a su rg ica l  cu re  o f  his

A V M s .
S in g le -s ta g e  irrad iation  o f  g ian t 

A V M s  is not feasib le , e ith er  b e c a u se  o f  
h ig h  rad ia t ion -re la ted  risks resu lt in g  
fro m  the large  v o lu m e  o f  n o rm al tissue, 
s u rro u n d in g  the A V M s ,  that is irrad i­
ated  (at d o se s  su ffic ien t  to ob litera te  
A V M  vessels)  or  b e ca u se  o f  lo w  o b li ­
teration  e ff icacy  w ith  the u se  o f  c l in i­
ca lly  sa fe  but w e a k ly  e ffective  doses. 
F l ick in g er  et al. (3) reported  ob literation  
ra tes  for  targeted  A V M  tissue based  on 
the  rad ia t ion  dose . A  d o se  o f  15 G y  to an 
A V M  m arg in  w as  associa ted  w ith  a 70%  
c h a n c e  o f  total ob literation . L o w e r  d o ses  
w e re  m u ch  less e ffective ; therefore , a
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FIGURE 4. Angiograms obta ined  at the 
tim e of  the third radiosurgical t r e a t ­
m ent. The residual AVMs are  show n in 
the lateral (A) and an tero p o ster io r  
(B )  left internal carotid  artery  in jec tion  
angiogram s. A r e a  e n c i r c l in g  t h e  
n u m e r a l  3, a rea  targeted  in the third 
radiosurgical trea tm en t.  N ote that the 
AVMs in areas treated  during the first 
and secon d  radiosurgical trea tm en ts  
( a r e a s  e n c i r c l in g  t h e  n u m e r a l s  1 a n d  2, 
respectively) have been  largely 
ob literated .

15-G y d o se  w a s  ch o sen  for each  ra d io ­
surg ica l  sess ion  for the p atien t  d e ­
scribed  in this report.  W h e n  K je l lb erg  et 
al. (9) used  p ro to n  b e a m  th era p y  for the 
m a n a g e m e n t  of  g ian t  A V M s ,  the c o m ­
plete  ob litera tion  rate  w a s  low  ( < 20%), 
a l th o u g h  those  a u th o rs  th o u g h t  that 
s o m e  p ro tection  from  fu rth er  h e m o r ­
rh a g in g  w a s  ach iev ed . E m b o liz a t io n  
a lone , a l th o u g h  s o m e t im e s  e ffec t iv e  in 
red u c in g  a r te r io v e n o u s  sh u n tin g ,  is not 
l ikely  to cu re  A V M s ,  as w a s  the case  for 
the p atien t  d escr ib ed  in this report;  it
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FIGURE 5. Postoperative  angiogram s, 
show ing both the left internal carotid  
artery  (4 )  and left vertebral artery 
( B ) in jection s .  T here  is no ev id en ce  of 
residual AVMs, signifying co m p le te  
m icrosurg ica l  rem oval.

w
FIGURE 6 . H igh-pow er p h o to m ic ro ­
graph o f  a histological sp ec im en  stained 
with M aso n -tr ich ro m e stain, show ing 
m arked blood vessel wall hyalinization 
and th ickening ( a r e a  a), partial or c o m ­
plete ob literation  o f  b lood vessels with 
e m b o lic  m aterial ( a r e a  6), and a sur­
rounding rim of gliotic brain tissue 
( a r e a  c).

can be  a usefu l a d ju n ct  to m ic ro su rg e ry  
or ra d io su rg ery  (5, 17). C o n v e n t io n a l  
fractionated  ra d io th e ra p y  has b een  used 
to m a n a g e  g iant A V M s, but w ith  little 
su ccess  (13).

T h e  use  of rep ea t  s tereo tact ic  ra d io ­
su rg ery  w as  p re v io u s ly  rep orted  by o u r  
g ro u p  ( 12); this s tra tegy  w as  d es ig n ed  to 
in crease  the l ike lihood  o f  A V M  cu re  
with this modality. T hose  patients u n d er­
went repeat irradiation of persistent AVM  
volum es after radiosurgery. Most patients 
had not achieved com plete  obliteration af­
ter a single procedure, becau se  of inade­

quacies in A V M  im aging  or targeting, re­
canalization after prior em bolization, 
reopening  of vessels com p ressed  by  h e­
m atom a, or so m e degree  of b lood vessel 
resistance to radiation. Success  w ith re­
peat radiosurgery  in that setting paved 
the w ay  for the strategy used to treat the 
patient described in this report.

M ic ro s u rg e ry  after  ra d io s u rg e ry  w a s  
d escr ib ed  b y  S te in b e rg  et al. (15), w h o  
fou nd p re v io u s ly  irrad ia ted  A V M s  to be  
less v a scu la r  and  eas ier  to co a g u la te ,  
" fa c i l i ta t in g  q u ick e r  and safer  resect io n  
w ith  less b lo o d  lo ss ."  O n  h is to p a th o lo g ­
ical an a ly s is ,  they  rep orted  en d o th e l ia l  
p ro lifera t io n , h y a lin e  d e p o s it io n  in the 
v a scu la r  e n d o th e l iu m , and  partia l  or 
c o m p le te  th ro m b o s is  o f  A V M  v esse ls ,  
all o b se rv a t io n s  that su p p o r te d  the in ­
tra o p e ra t iv e  f ind ings. In that rep ort ,  
three  of  four p a tien ts  w ith  Sp etz le r -  
M artin  G ra d e  5 A V M s  w h o  had u n d e r ­
g o n e  p rior  ra d io su rg e ry  e x p e r ie n ce d  
" g o o d "  o u tc o m e s  after  m icro su rg ica l  
t rea tm en t  o f  their  A V M s. In a d d it io n ,  
that g ro u p  th o u g h t  that, ev en  in in c o m ­
p le te ly  ob litera ted  A V M s  after  r a d io s u r ­
gery , the sm a ll-v esse l  c o m p o n e n t  w a s  
largely  th ro m b o se d ,  leav in g  the p a tien ts  
w ith  m o st ly  the larger  a r te r io v e n o u s  fis­
tu lo u s  p o rt io n s  o f  the A V M s ,  w h ich  
w ere ,  in s o m e  cases ,  a m e n a b le  to d e f in ­
itive trea tm en t  w ith  e n d o v a s c u la r  te c h ­
n iq u es  a lo n e  (11). T h e  e ffects  o f  prior  
ra d io su rg e ry ,  th ere fo re ,  seem  to m a k e  
s u b se q u e n t  surg ica l  trea tm en t ,  ev en  of  
very  large  A V M s , not  o n ly  p o ss ib le  b u t  
a lso  tech n ica lly  less d iff icu lt  an d  p o te n ­
tially safer.

In o u r  case , the staged  ra d io su rg ica l  
t rea tm en ts  w ere  sep a ra ted  bv  6 m o n th s .  
T h is  t im e w a s  to a l lo w  for rep a ir  o f  sub- 
lethal d a m a g e  to the D N A  w ith in  the 
treated regions. U se of  the specific inter­
val of 6 m on th s  w as arbitrarv; 3 m on th s✓

w as thought to b e  adequate. T h e  defin i­
tive m icrosurgical p roced u re  w as per­
formed 3 years after the final radiosurgi­
cal session, to a llow  for m axim al radiation 
effects before surgical intervention.

CONCLUSIONS

Patien ts  w ith  g ian t  A V M s  in critical 
lo ca t io n s  rem a in  a ch a l le n g e  to n e u r o ­
su rg eo n s .  T h e  su ccessfu l  t rea tm en t  of 
the patient in this rep ort  re p re se n ts  a 
novel a p p ro a ch ,  i.e., p lan n ed  s tag ed  ra ­

d io su rg ica l  t re a tm e n t  of different por­
t ions  o f  the  A V M s ,  fo llow ed by delayed 
d e fin it iv e  resect io n  of the remainder. 
T h e  c o n c e p t  u n d e r ly in g  this approach is 
that ra d io su rg ica l  and microsurgical 
te c h n iq u e s  can  be  com plem entary  and, 
w h e n  c o m b in e d  in a thoughtful strat­
egy , can  a c h ie v e  results  that neither 
te c h n iq u e  cou ld  ach iev e  independently.

R e ce iv ed ,  N o v e m b e r  4, 1997.
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M .D., D ep artm en t  of Neurological Surgery, 
U niversity  of P ittsburgh Medical Center, 200 
Lothrop  Street, Suite  B-400, Pittsburgh, PA 
15213.
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COMMENTS

This is an interesting ca se  re p o r t  u s ­
ing planned volum e s ta g in g  o f  r a d io s u r ­
gery to treat la rg e  f r o n t o p a r ie t o -  
occipital arteriovenous m a l fo r m a t io n s  
(AVMs). The three ra d io su rg ica l  t re a t ­
ments were separated b y  6-m o n th  in te r ­
vals; 3 years later, the res id u a l  A V M s  
were successfully resected . A l th o u g h  
the use and benefits of r a d io s u rg e ry  b e ­
fore microsurgery for A V M  tre a tm e n t  
have been reported p re v io u s ly  (1), the  
aPplication of staged v o lu m e  r a d io s u r ­
gery for this patient is n o v e l  an d  q u ite  
interesting. I am su rp rised  at the  la rg e  
extent of AVM ob litera tion  a c h ie v e d  
only 1 year after the first ra d io su rg ic a l  
treatment and 6 m on th s  a fter  the  seco n d  
mdiosurgical treatm ent. T h e  e x p la n a -  
tlQn for why certain A V M s  a re  o b li te r -  
ated more quickly than o th e rs  that are  
'milarly treated rem ain s  o b scu re .

e ^ ave been a b le  to  o b ta in  s im i la r  
^ ^ s u r g ic a l  o b l i te r a t io n  a n d  c u re  o f  
arge A V M s u s in g  s in g le -s ta g e ,  h e a v y -  
k arged p a rtic le  r a d io s u r g e r y  f o l lo w e d  
/  m*crosurg ica l re s e c t io n  ( o r  e m b o l iz a -
des resec^ o n '̂ b u t  the  a p p r o a c h  
altCn ^  ^  au tbors  re p re se n ts  an 
cJ atiVe strateSY w hen  a ccess  to a cy- 

ra<̂ i°slJ rgica l facility  is not  av a il-  
res 1 e autbors achieved g o o d  c lin ica l 

s in an difficult case, u s in g  an  in ­

n o v a t iv e  ra d io su rg ica l  tech n iq u e . O th e r  
g ro u p s  sh ou ld  be  e n co u ra g e d  to c o n ­
s id er  this a p p ro a ch  in se lected  cases.

G a ry  K . S t e in b e r g  
S te v e n  D . C h a n g
S tan fo rd , C aliforn ia

1. S te in b e rg  G K ,  C h a n g  S D , L e v y  R P , M a rk s  M P , 
F ra n k e l K , M a rce llu s  M: S u rg ic a l resection of 
large  in co m p le te ly  treated in tra cra n ia l arterio - 
\ en o u s m a lfo rm a tio n s fo llo w in g  stereotactic ra ­
d io su rg e ry . J N e u ro s u rg  84:920-928, 1996.

T h e  a u th o rs  rep o rt  a ca se  o f  a p a tien t  
w ith  la rg e  (G ra d e  5) A V M s  w h o  w as  
treated  w ith  s taged  (three  sess io n s ,  s e p ­
ara ted  b y  6 m o )  ra d io su rg e ry  and  e v e n ­
tual surg ica l  resection . S u rp r is in g ly ,  in 
v ie w  o f  the  p o s to p era t iv e  a n g io g ra m s ,  
w h ich  sh o w e d  m in im a l  or  no  filling o f  
a n y  distal m id d le  cerebra l  b ra n ch e s ,  the 
p a t ien t  reco v ered  to the p o in t  o f  e v e n ­
tu a lly  ex h ib it in g  o n ly  m ild  ap h asia  and
m ild  r igh t h em ip ares is .

W e  h a v e  arg u ed , co n s id er in g  o u r  
o w n  p o o r  resu lts  and a rev iew  o f  the  
l itera tu re  that in d ica tes  s im ilar ly  p o o r  
resu lts ,  that m o st  G ra d e  5 A V M s  sh ou ld  
b e  left  u n trea ted  u n less  the  p atien t  has  
p ro g re ss iv e  or  in cap ac ita t in g  s y m p to m s  
a n d / o r  recu rren t  h e m o rrh a g in g .  T h is  
p a t ien t  cer ta in ly  qualif ies  as h a v in g  b e ­
c o m e  p ro g ress iv e ly  in cap acita ted  and 
h a v in g  e x p er ien ced  rep eated  h e m o r ­
rh a g in g ;  therefore , I a g ree  w ith  the d e ­
c is ion  o f  the a u th o rs  to treat the  p atien t  
ag g ress iv e ly .  O n e  could  a rg u e  that p e r ­
h a p s  the s a m e  ev en tu a l  resu lts  could  
h a v e  b een  o b ta in ed  w ith  m o re  a g g re s ­
s iv e  e m b o liz a t io n  and surg ica l  resection  
in o n e  stage ; h o w e v e r ,  w ith o u t  e x a m in ­
in g  all a n g io g ra m s  and w ith o u t  h a v in g  
p art ic ip ated  in the treatm en t,  it is d iff i­
cult to argue this point. W h at seem s clear 
from  the description presented b y  authors 
is that the eventual surgical resection w as 
easier than it w ould have been w ithout 
radiosurgery. It is also possible that the 
radiation, b y  producing gradual oblitera­
tion not only  of the A V M  vessels but 
also o f  norm al m iddle  cerebral branches, 
a l lo w e d  th e  p a t ie n t  to b e t te r  to le ra te  
s u r g ic a l  r e s e c t io n .  T h is ,  o f  c o u r s e ,  w a s  
achieved at the cost o f  exposing  the pa­
tient to a continuing risk of hem orrhaging 
(it has not been argued convincingly that 
radiosurgery  decreases the risk of h em o r­

rhage before com p lete  obliteration occurs) 
during  the 4.5 years that elapsed betw een  
the first radiosurgical session and the 
eventual surgical resection of  the still- 
patent A V M s. T h e  fact that this particular 
patient did not experience  b leeding d u r ­
ing that time reveals little about the 
chances of subsequent b leeding for other 
patients for w h o m  this kind of  treatm ent
m a y  be contem plated .

In brief,  this is a v a lu a b le  rep ort  that 
o ffers  us a n o th e r  o p t io n  to treat p atien ts  
w ith  G ra d e  5 A V M s  w h o  are  p ro g re s ­
s iv e ly  s y m p to m a t ic  a n d / o r  h a v e  su f ­
fered rep eated  h e m o rrh a g in g .  T h e  a u ­
thors  d ev ised  a w e ll -p la n n e d  a p p ro a ch  
and  p e r fo rm e d  it su ccessfu lly .

R o b e r to  C. H e ro s
M ia m i , F lorida

Firlik et al. present a case report in 
w hich  a patient w ith A V M s  experienced 
repeated h em orrh ag in g  despite  em boliza­
tion attem pts and surgery. T h e  authors 
treated the A V M s w ith three staged ra­
diosurgical sessions, each treating a dif­
ferent part of the A V M s, at 6-m on th  inter­
vals. Three years later, surgical resection of 
the reduced A V M  nidus was successful.

R a d io su rg e ry  a n d / o r  e m b o liz a t io n  
m a y  b e  u sed  in c o m b in a t io n  w ith  s u r ­
g ery  w h e n  n o  s in g le  th e ra p eu tic  m e th o d  
is l ike ly  to su cceed . T h e  u se  o f  s tag ed  
rad io su rg ica l  t rea tm en t  o f  d ifferen t  
c o m p a r tm e n ts  o f  la rg e  A V M s ,  as d e ­
scribed  b y  the au th o rs ,  is a n e w  v a r ia ­
tion of the co n cep t  o f  re trea t in g  failed 
rad io su rg ica l  cases  w ith  a n o th e r  ra d io ­
su rg ica l  trea tm en t.  S o m e  h a v e  s u g ­
gested  that d e lib era te  partia l  irrad ia t io n  
of  A V M s  m a y  in crease  the risk  o f  h e m ­
o rrh a g e  (1). All in v o lv ed  in the ra d io ­
surg ica l  t rea tm en t  o f  A V M s  a w a it  a d d i ­
tional rep orts  on  this tech n iq u e ,  ap p lied  
to larger n u m b e rs  of  p a tien ts  w h o  are 
m o n ito red  for lon g er  p er io d s  o f  t im e, to 
d e te rm in e  the  e ff icacy  and r isks o f  
s taged  rad io su rg ery .

W i l l ia m  A. F r ie d m a n
G ain esv il le , F lorida
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