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AbStract 

In a series of 182 arterio-venous malformations (AVM) 
recently published [8] we found 33 children aged 1 to 16 
years. In 28 cases, the admitting condition was hemor- 
rhage. For 31 AVMs total excision was possible. We 
observed one postoperative death accounting for a mor- 
tality of 3%. All children but two were followed-up by 
personal examination. Two were not able to work due 
to severe neurological deficits and seven had not been 
able to get into their intended occupation. 
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1 Introduction 

Numerous  papers  have been published on arterio-  
venous malformat ions  during the last decades. Al-  
though AVMs are responsible for 3 0 -  50% of  the 
hemorrhagic  strokes in childhood,  only few au- 
thors paid  at tent ion to the problems of  this special 
age group [1, 5, 6, 10, 13]. Besides discussion of  
the natura l  history of  AVMs and the question, 
which of  them are likely to bleed and should be 
operated upon, no a t tempt  has been made for a 
long-term follow-up after successful surgical ex- 
cision of  AVMs in childhood.  

2 Patients 

Between 1955 and 1985 33 children aged 1 to 16 
years were operated upon at the Neurosurgical  
Depar tment  of  the Johannes Gutenberg-Univer-  
sity, Mainz,  F R G .  There were 18 boys and 15 
girls. In 28 cases the admit t ing condit ion was 
cerebral hemorrhage.  CT-scan revealed space oc- 
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cupying hematoma  23 of  these cases, 5 showed 
only subarachnoid  hemorrhage without  clot for- 
mation.  Of  the cases that  did not  bleed, three 
presented with epileptic seizures, one showed a 
hemiparesis  of  the infantile type and one had  an 
extracranial  extension. 

Angiography  was done in all cases. Twelve of  the 
AVMs with a maximum diameter  up to 2 cm were 
classified "small" ,  14 as "medium-sized" (diameter  
2 - 4  cm), seven as large (diameter  more than 
4 cm). Histological  examinat ion revealed 31 ar- 
terio-venous and two cavernous angiomas.  

3 Operative treatment 

In 31 AVMs total  excision was possible. Two mal-  
formations seemed not  to be excisable but  had  to 
be treated by ventr iculo-peri toneal  shunting due 
to hydrocephalus.  We observed one postopera t ive  
death,  accounting for a mor ta l i ty  of  3%. (Mor-  
tali ty in our  complete series of  182 surgically re- 
moved angiomas was 10.3%.) One child with a 
large midline angioma of  the basal  ganglia, that  
had  seemed not  to be excisable, died one year  after 
the ventr iculo-peri toneal  shunting procedure  due 
to recurrent  hemorrhage.  

4 Results 

All children but  two have been followed up by 
personal  examinat ion in our clinic (seven f rom 1 
to 5 years follwing surgery, 12 from 5 to 10 years, 
six from 10 to 20 years, four from 20 to 30 years). 
Twenty-one patients d idn ' t  show any or  just  rain- 
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imal neurological deficit and were able to work 
when school was finished. Six of our patients were 
working although a greater neurological deficit, 
such as hemiparesis or aphasia, had remained. 
Two were not  able to work due to severe neuro- 
logical deficit. Twenty-two patients were able to 
realize their intended occupation after operation. 
Seven were not able to do so. Twenty-four patients 
reported no epileptic seizures more than one year 
after operation. Most of them were not  on medi- 
cation. Four  patients had seizures controlled by 
anticonvulsive drugs. One child suffered from a 
severe epilepsy with marked personality changes. 

We classified the results in four groups: "excellent" 
(1), "good" (2), "fair" (3), and "poor" (4). 

Table I shows the importance of the site of an 
AVM for the final results. It is obvious that an- 
giomas located in functionally important  brain 
areas (parietal lobe, central region) show worse 
results after operation. However, it has to be kept 

Table I. Localization of angiomas and operative results. 

Localization Result/No. of cases Total 

1 2 3 4 Died 

Frontal 5 1 6 
Temporal 5 2 7 
Parietal - 3 - 1 1 5 
Occipital - 2 2 
Sylvian fissure 1 t 
Central region 1 3 3 7 
Lateral ventricle - 1 1 
Corpus eallosum, 1 1 1 3 

basal ganglia 
and midbrain 

Cerebellum - 1 1 

Total 13 13 3 2 2 33 

Table II. Size of angiomas and operative results. 

Result Diameter (cm) Total 

2 2 - 4  >4 

1 Excellent 6 6 1 13 
2 Good 4 6 3 13 
3 Fair 1 1 1 3 
4 Poor 1 -- 1 2 

Died 1 - 1 2 

Total 13 13 7 33 

in mind that bleeding in these cases led to a severe 
neurological deficit even before surgery. Table II 
shows the importance of the size of an angioma 
for the postoperative result. Although small and 
medium-sized angiomas have a smaller risk of 
postoperative deficits, it has to be emphasized that 
even large angiomas with many arterial feeders 
can be excised with little postoperative deficit. 
Compared to the adults in our complete series of 
182 surgically removed AVMs, the postoperative 
deficits after removal of large AVMs and AVMs 
located in functionally important  brain areas are 
markedly less. 

5 Case reports 

Case 1: A 12 year-old girl very rapidly developed hemi- 
plegia and became unconscious. Angiography revealed 
an AVM in the right Sylvian fissure arising from 
branches of the middle cerebral artery (Figures la, b). 
Craniotomy was performed eight weeks after bleeding 
and the AVM was removed completely, as could be 
demonstrated by postoperative angiography (Figures 
lc, d). The patient was followed up to 15 years after 
operation. Meanwhile she has finished school and is 
working as a nurse without any neurological deficit. 

Case 2: A boy aged 16 years had a subarachnoid hem- 
orrhage with neck stiffness but no further neurological 
deficit. CT-scan did not demonstrate abnormalities but 
angiography revealed an AVM filled from the left peri- 
callosal and the posterior cerebral artery with venous 
drainage to the vein of Galen (Figures 2a-c) .  Operation 
was performed two weeks after bleeding and the an- 
gioma could be successfully removed (Figures 2d, e). 
Five years after operation the young man had graduated 
from college and did not show any neurological deficit. 

Case 3: While playing soccer, a 14 year-old boy sustained 
a massive intraventricular hemorrhage with clot forma- 
tion and severe hemiparesis. Angiography revealed an 
arterio-venous malformation arising from the left cho- 
roid plexus (Figure 3a). Craniotomy was performed two 
weeks later and the angioma was removed. Postoperative 
angiographic figures were suspicious of demonstrating a 
small rest of AVM still filled (Figure 3b). The patient 
recovered well with only a minimal residual hemiparesis 
and about three epileptic seizures a year. He is on anti- 
convulsive drugs but is fully able to work. 

Case 4: A girl aged 10 years had a subarachnoid hem- 
orrhage and gradually became unconscious. She was 
admitted in a deep comatous state; CT-scans revealed 
an ~intracerebellar clot-formation causing obstructive hy- 
drocephalus. Ventriculo-peritoneal shunting procedure 
was performed and the girl recovered. Angiography 
demonstrated an AVM of the antero-medial part of the 
right cerebellar hemisphere supplied by the anterior- 
superior cerebellar artery. It was possible to remove the 

Neurosurg. Rev. 12 (1989) 



Kahl et al., Arterio-venous malformations 167 

Figures lu - -d .  Angiograms of AVM in the right Sylvian Fissure. Preoperative figures (la lateral projection, lb  a. p. 
projection) show a big venous drainage to the tentorial sinus. Postoperative angiograms (lc lateral projection, ld 
a.p. projection) demonstrate successful removal of AVM. (See text, case 1 !). 
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Figures 2a--e. AVM of the splenium of the corpus callosum and the trigone of the left lateral ventricle (la and b: 
preoperative carotid angiograms in lateral and a. p. projection, 2e preoperative vertebral angiogram). Notice feeders 
from pericallosal and posterior cerebral arteries. (See text, case 2!). 

malformation completely. Seven years later the gift had 
finished school and is in a good condition with only 
mild cerebellar ataxia (no figures). 

6 Discussion 

Arterio-venous malformations are supposed to be 
the most  common cerebro-vascular disorder in 
childhood [13]. It has been presumed that they are 
responsible for 30% to 50% of  a l lhemorrhagic  
strokes in children [1, 6, 11]. However, the exact 
incidence o f  AVMs in children as well as in adults 
is unknown. The prevalence of  AVMs in the gen- 
eral population has been calculated to be about 
0.14% [14]. 

545 cases of  cerebral arterio-venous malforma- 
tions and fistulae have been reported in the co- 
operative study of  PERRET and NISHIOKA [15]. 
19.6% of  the malformations had been diagnosed 
before the age o f  20. 

In our personal series of  182 cases treated sur- 
gically there were 33 children up to the age o f  16 
(18.1%) with a slight prevalence of  males, similar 
to the findings of  other authors [1, 15]. 

CELL1 and coworkers gave a review of  the pub- 
lished clinical data of  242 children up to 15 years 
reported in the literature. They found the greatest 
hazard associated with cerebral hemorrhages in 
children to be a more violent and massive bleeding 
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e 

Figures 2d and e show postoperative carotid and vertebral angiograms in lateral projection. Total removal of AVM 
could be achieved. 

as demonstrated by the higher frequency of intra- 
parenchymal hematomas and rupture into the ven- 
tricles. In our children series, we found a bleeding 
rate of 84% and intraparenchymal hematomas 
(clot formation) in 69%. We have already pointed 
out in a paper published recently [8] that the mode 
of bleeding in an AVM is influenced by its size 
and site. We have gained the impression that small 
and medium-sized angiomas usually bleed early in 
life whereas large angiomas show a greater vari- 
ability. 

The follow-up studies of patients with AVMs man- 
aged without surgery have demonstrated a 42% 
risk of hemorrhage and a 29% risk of death given 
a mean of 10.4 years follow-up [2, 4]. On the other 
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hand surgical mortality is about 2.6% in children, 
compared to 8.5% in adults [1]. These data are 
comparable to those we got from our own inves- 
tigations. Because the risk of rebleeding of un- 
treated AVMs seems to increase with advancing 
age, surgical excision of angiomas should be ad- 
vised for children even more than for adults. The 
cumulative bleeding risk of a child with an AVM 
is higher than that of an adult [1, 5, 7] whereas 
risks of death from surgery and postoperative 
morbidity are lower. 

As the main purpose of surgical excision of AVMs 
is prevention of bleeding, there is no controversy 

a s  to whether to operate upon AVMs once they 
have bled. All authors agree that these should be 
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Figures 3a, b. Preoperative (3a) and postoperative (3b) carotid angiograms of an AVM of the left choroid plexus. 
(See text, case 3!). 

operated upon [1, 3, 4, 5, 7, 8, 9, 10, 12, 13]. The 
opinions about angiomas which have not bled are 
conflicting; especially large angiomas with many 
arterial feeders and those, which involve a hazard- 
ous area of the brain, cause a serious therapeutic 
dilemma. LUESSENHOP and Rosa developed an an- 
atomical grading system in order to determine the 
risk of operation of an AVM [12]. They concluded 
that in the first 3 decades the surgical risk is less 
than the natural risk for all patients in grades I 
and II  and more than half for those in grade III. 

In the current series we observed only one post- 
operative death in a case with massive intrapar- 

enchymal hematoma from a small arteriovenous 
malformation, whereas the large malformations 
that had not bled could be removed without any 
mortality. However, postoperative morbidity was 
higher than for small and medium-sized angiomas 
('Fable II). 

I f  we do not have any angiographic information 
about the vascular supply of AVMs in cases op- 
erated upon urgently, we prefer to perform a two- 
stage operation with evacuation of hematoma as 
a first step and definitive excision of the AVM 
after recovery of the patient. This procedure has 
proved to be safe and effective. 

Neurosurg. Rev. 12 (1989) 
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7 Conclusions 

1. Bleeding is the most frequent symptom of ar- 
terio-venous malformations in childhood (85% in 
our series). Clot formation is much more common 
than SAH only (with a ratio of nearly 5 to 1 in 
our series). 

2. The cumulative bleeding risk of a child with an 
AVM will exceed that of an adult, whereas surgical 
mortality for children is lower than for adults. 
Surgical excision of AVMs therefore should - 
once a hemorrhage has occurred - be performed 
whenever possible. 

3. A limited indication towards surgery may be 
given in large angiomas located in functionally 
important  brain areas without neurological deficit. 
However, it has to be kept in mind that even after 
a non-hemorrhagic onset the behaviour of an 
AVM in further life is unpredictable. 

4. Long-term follow-up after removal of AVMs in 
childhood shows excellent results. Morbidity is 
comparably low. Most patients of our series were 
able to reach for their intended occupation. 
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