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Cerebral Arteriovenous Malformations in Pediatric Age:
A Clinical Analysis of 164 Consecutive Cases
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» ABSTRACT

Objective : This study was designed to understand the clinical characteristics and to establish therapeutic options for arteriovenous
malformations (AVM) in a pediatric age (1~18 year old) group. Methods : We reviewed programmed clinical data, patients medical
records and imaging studies of the 164 pediatric AVM patients who were managed at Yonsei University Medical Center from 1975 to
2004. Clinical presentation, location, Spetzler-Marin grade, treatment modality and outcomes were analyzed. Results : Ninety-one
patients (55.5%) were male and seventy-three (44.5%) were female. The most common presenting symptom was hemorrhage (119
patients, 72.6%). In others the symptoms were seizure (26 patients, 15.9%), hemorrhage with seizure (6 patients, 3.6%), focal deficit (4
patients, 2.4%), headache (8 patients, 4.9%) and incidental (1 patients, 0.6%). The locations of AVMs were cerebral convexity (110
patients, 67.1%; 21 frontal, 40 parietal, 23 temporal, 23 occipital), basal ganglia and thalamus (24 patients, 14.6%), corpus callosum (12
patients, 7.3%), sylvian (3 patients, 1.8%), cerebellum (13 patients, 7.9%) and two patients had brain stem lesions (1.2%). According to
the Spetzler-Martin grading system, at admission grade Il and Il AVMs were the most common lesions in our series (43.9% and
33.5%, respectively). The patients were treated with microsurgery in 70 patients (42.7%), radiosurgery in 87 patients, (53.0%),
combined treatment in 5 patients (3.1%) and embolization in only 2 patients (1.2%). The average follow-up period was 4.8 years and
the overal outcome was considered good in 139 patients (84.8%), fair in 18 patients (11.0%), and poor in 4 patients (2.4%), with 3
patients having died (1.8%). The causes of unfavorable outcomes were initial insult (4 patients), radiation necrosis (1 patient), bleeding
during the latent interval (1 patient) and systemic complication (1 patient). Conclusion : Hemorrhagic presentation and deep brain
(thalamus and ganglia) lesions were more common in the pediatric patients compared to adult patients. The treatment of choice for
hemorrhagic pediatric AVMSs is surgical excision, even for deep seated or eloquent area lesions. Radiosurgery is recommended
especialy for the non-hemorrhagic lesions, particularly in deep seated or eloquent area lesions. Regular imaging studies are necessary
for detection of AVM regrowth, and signs of hemorrhage should be monitored during the latent period. (Kor J Cerebrovascular
Surgery 8:41-7, 2006)
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Table 1. Age and sex distribution: p ed iatric AVM (n=164)

Age Ma le Female Total (%)
0~5 8( 49) 5(30) 13( 7.9)
6~10 17 (10.4) 19 (11.6) 36 (22.0)
11~15 41 (25.0) 24 (14.6) 65 (39.6)
16~18 25 (15.2) 25 (15.2) 50 (30.5)
Total 91 (55.5) 73 (44.5) 164 (100)

Table 2. Age and sex distribution: adult AVM (n=543)

Age Ma le Female Total (%)
19~30 138 (25.4) 96 (17.7) 234 ( 43.1)
31~40 83 (15.3) 70 (12.9) 153 ( 28.2)
41~50 67 (12.3) 27 ( 5.0) 94 (17.3)
51~60 22 ( 4.1) 17 ( 3.1) 39( 7.2)
> 61 16 ( 29) 7(1.3) 23 ( 42)
Tofal 326 (60.0) 217 (40.0) 543 (100.0)
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Table 3. Location of AVM: pediafric vs adult
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No. of patients (%)

Location p value
Pediatric (n=164) Adult (n=543)
Cerebral convexity
Frontal 21 (12.8) 73 (13.4) ns
Parietal 40 (24.4) 112 (20.6) ns
Temporal 23 (14.0) 122 (22.5) ns
Occipital 23 (14.0) 72 (13.3) ns
Callosal 12 ( 7.3) 29 ( 5.3) ns
Sylvian/insular 3(18) 15 ( 2.8) ns
Rolandic 3(1.8) 14 ( 2.6) ns
Thalamus/oasal ganglia 24 (14.6) 51 ( 9.4) 0.056
Cerebellum 13( 7.9) 43 ( 7.9) ns
Brainstem 2(12) 12 ( 22) ns
Total 139 (100) 543 (100)
Table 4. Presentation of AVM: pediatric vs adult
No. of patients (%)
Presentation p value
Pediatric (n=164) Adult (n=543)
Hemorhage 119 (72.6) 323 (59.4) 0.004
Seizure 26 (15.9) 97 (17.9) ns
Mixed T 6( 3.6) 26 ( 4.8) ns
Focal deficit 4(24) 32 ( 59) ns
Headache 8 (4.9) 49 ( 9.0) ns
Incidental 1(06) 16 ( 2.9) ns
Tofal 164 (100.0) 543 (100.0)
Table 5. Treatment modality for AVM: pediatric vs adult
No. of patients (%)
Moda lity
Pediatric (n=164) Adultin=543)
Microsurgery 70 (42.7) 215 (39.6)
surgery only 67 163
preoperative embolization 2 51
postoperative embolization 1
Radiosurgery 87 (53.0) 296 (54.5)
preoperative embolization 17 75
Combined 5(31) 12 ( 22)
radiosurgery after microsurgery 5 7
microsurgery after radiosurgery 0 3
microsurgery +radiosurgery +embolization 2
Emb olz ation only 2(12) 20 ( 3.7)
Total 164 (100.0) 543 (100.0)
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Table 6. Presentations and outcomes (n=164)

No. of Patients

Presentation
Good Fair Poor Dead Total

Hemormrhage 99 ( 83.2) 14 (11.8) 3 (2.5 3 (2.5 119 (72.6)
Seizure 25 ( 96.1) 1(39) - - 26 (15.9)
Mixed 3(50.0) 3 (50.0) - - 6( 36)
Focal deficit 3(75.0 1(25.0) - - 4( 24)
Headache 8 (100.0) - - - 8( 49)
Incidental 1 (100.0) - - - 1(06)

Tofal 139 ( 84.8) 19 (11.6) 3(1.8) 3(1.8) 164 (100)

"hemormrhage with sezure

Table 7. Spetzler- Martin grade and clinical outcomes in pediatic AVM (n=164)

Overall outcome (%)

S—M grade
Good Fair Poor Dead Total
I 19 (100.0) 19 (11.7)
I 63 ( 87.5) 5( 69) 2(2.8) 2(2.8) 72 (43.9)
il 46 ( 83.6) 8 (14.6) 1(1.8) 55 (33.5)
v 9 ( 56.3) 5(31.3) 16.2 16.2 16 (1 9.7)
Y 2 (100.0) 2(1.2)
Total 139 ( 84.8) 18 (11.0) 4 (2.4) 3(1.8) 164 (100)

Table 8. Spefzler— Martin grade and clinical outcomes in adult AVM (n=543)

Overal outcome (%)

S—M grade
Good Fair Poor Dead Total
I 82 (92.1) 6( 638) 1(1.1) 89 (16.4)
I 173 (86.1) 22 (10.9) 4(20) 2 (1.0 201 (37.0)
m 145 (77.5) 27 (14.4) 10 ( 54) 5(2.7) 187 (34.4)
v 43 (69.4) 7 (11.3) 9 (14.5) 3.8 62 (11.4)
% 3 (75.0) 1(25.0) 4(07)
Total 446 (82.1) 63 (11.6) 24 ( 4.4) 10 (1.8) 543 (100.0)

Average duration of follow up period : 4.8 year

Table 9. Treatment modality and clinical outcome in p ediatric AVM (n=164)

Moda lity Good Fair Poor Dead Total
Microsurgery 57 (81.4) 8(11.4) 34.3) 2.9 70 (42.7)
Radiosurgery 77 (88.5) 8(91) 1(1.2 1(1.2 87 (53.0)
Combined 4 (80.0) 1 (20.0) 5(30)
Emb olz ation 1 (50.0) 1 (50.0) 2(12)
Total 139 (84.8) 18 (11.0) 4(2.4) 3(1.8) 164 (100.0)

Average duration of follow up : 4.8 year
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Table 10. Causes of unfavourable outcomes

Cause of unfavourable No. of Patients

outcome

Pediatric Adult

Initial insult 4 21
Radiation necrosis 1 3
Rebleeding during latent period 1 5
Rebleeding afterembolization 3
Systemic complication 1

Swelling 1
Rup tured aneurysm 1
Total 7 34
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