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Surgical Complications of Cerebral Arteriovenous Malformation :
A Retrospective Analysis of 297 Consecutive Cases
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2 ABSTRACT

To analyze the complications following surgical resection of cerebral arteriovenous malformations (AVMs) and to improve the surgical
outcomes, we reviewed 297 consecutive patients who had undergone surgical excision of AVM at Yonsei University between June 1975 and
July 2004. The patients’ ages ranged from 2 to 68 with a mean age of 29 years. The series included 182 males (61.3%) and 115 females
(38.5%) . The most common presenting symptom was hemorrhage (228 patients, 76.8%). And others were seizure (45 patients, 15.2%),
hemorrhage with seizure (12 patients, 4.1%) , focal deficit (3 patients, 1.0%) , headache (4 patients, 1.3%) and incidental (5 patients, 1.6%).
The locations of AVMs were cerebral convexity (220 patients, 74% ; 46 frontal, 68 parietal, 77 temporal, 29 occipital), callosal (28 patients,
9.4%) , sylvian (11 patients, 3.7%), rolandic (8 patients, 2.7%) , basal ganglia and thalamus (11patients, 3.7%), cerebellum (18 patients,
6.1%) and one patient had brain stem lesion (0.3%). Postoperative rebleeding and the incomplete excision (12 and 9 patients each) were
the major surgical complications, followed by postoperative epilepsy (5 patients) , normal perfusion pressure breakthrough (3 patients) , and
infection (2 patients) . The outcome was classified into good for the patients who returned to their previous jobs with or without neurological
deficits, fair for the patients who were unable to return to work but performed daily activities independently with minor deficits, and poor for
the patients who were performing dependent daily activities with major deficits. The average follow-up period was 4.2 years. The overall out-
come of surgery was considered good in 233 patients (75.0%) , fair in 51 patients (17.2%), poor in 15 patients (5.1%) and 8 patients (2.7%)
were died. The Spetzler-Martin grading system correlated well with the difficulty of surgery. No morbidity resulted from resection of Grade 1
AVMs ; the percentage with unfavorable outcome was 8.1% in Grade I, 9.6% in Grade III, and 28.6% for those with Grade IV. Initial insult
(14 patients) and rebleeding (4 patients) were the major causes of unfavorable outcome. Prevention of postoperative hemorrhage following
meticulous hemostasis and complete excision and prevention of hemodynamic complications would result in a favorable outcome after surgery
for cerebral AVM. (Kor J Cerebrovascular Surgery 6:50-7, 2004)
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19750 6000 20040 7000 O OOOOO OO 297
00 0000000 00000 000oo. ooooo oo
0 000 2830(953%)000, 0 000 OO O 0000
520 (182%)00 OO0OOO. 00 O 000000 OO0
000 100@@4%), 000 000 00 0000 00O O
0000 000 000 30@.0%), 00, 000 oooon,
000 000 000 000 10(0.3%)0 0 (Table 1).

000 000 000 29700 000 OOO0O O OO
0 00000 000 0000 oooo, 000 ooo o
0000 0oooo, 00 0000 oo oo,000 oo,
Spetzler—Martin gradell 00 OO0 OO0O OO0 OO
00,000 OO0, 000 00 (unfavorable outcome)
000 00ooOoOo. 00 000 ooo oo ooo oo
0000 000 0000 0000 000 Oooo o oo
000 0O0(Good), OO0 OO0 OO OO0 OoOOO
0 000 0 00 000 OO0, 000 ooo oo
00000 000 000 00 ooo oogPeon0O O
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0000 0000 000 1:160 000.00 OO0
2000 680 OO(0O 290)00(Table 2).

2. BE3Y, g f1Al, Spetzler-Martin grade

00000 OO0 2280(76.8%)0 OO OO0, 000
450(15.2%)0 O 000 0000 OO0 oog odd
000 000 120@.1%)00.0 0 ooooog 30
(L0%), 00 40(1.3%), 000 000 000 50(1.6%)
O0.000 OO OO0 OoOoo oooo 77d(25.9%)0 O
O 0000, 000 OO0 680(22.9%), OO0 460
(155%), 0 O 000 290(9.8%), 00 280 (9.4%), O
0 180(6.1%), 0000 110(3.7%),00-0000 11
0 (3.7%), Rolandic 80 (2.7%), 00 10(0.3%)0 0O
O0.00 O000 0000 00 000 Spetzler—Martin
grading system 000 000 Grade 00 1240(41.8%)0
00 0000,000 Grade OO 940 (31.6%), 00O 650
(21.9%), 00 140(4.7%)00. Grade 00 000 OO
aoo.
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00 000 000 29700 OO0 O 2640(88.9%)0
0000, 140@.7%)0 00000, 160 (5.4%)0 00
000 0000, 30(1.0%)0 00000 000 000
0 000 0000 0000 (Table 3).
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Table 2. Age and sex distribution (n=297)

Age Male Female Total (%)
<20 50 32 82 ( 27.6)
& i, 20-39 92 61 153 ( 51.5)
40-59 35 18 53(17.9)
1. 013 o N >=60 5 4 2(C 30
Total (%) 182 (61.3) 115 (38.7) 297 (100.0)
000 0ooo ogo 29700 OO 0O OO0 1830 O
Table 1. Treatment modalities for cerebral AVM (n=297) Table 3. Surgical resectability
Modality No. of case (%) Resectability Number %
Microsurgery 283 ( 95.3) Total resection 264 88.9
Microsurgery after radiosurgery 3(C 1.0) Subtotal resection 14 4.7
Radiosurgery after microsurgery 10 34) Parfial resection 16 5.4
. + :
Combined 1C 03 Exploration 3 1.0
Total 297 (100.0)
Total 297 100.0

T Combined embolization+radiosurgery+microsurgery
preoperative embolization rated 18.2%
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Table 4. Presentations and outcomes (n=297)

No. of patients

Presentation
Good Fair Poor Dead Total
Hemorrhage 162 ( 71.0) 45 (19.8) 13(5.7) 8 (3.5) 228 ( 76.8)
Seizure 41 ( 21.1) 3( 6.7) 122 - 45 ( 15.2)
Mixed" 9 ( 75.0) 2(16.7) 1(8.3) - 12( 4.1)
Focal deficit 3 (100.0) - - - 3(C 1.0)
Headache 4 (100.0) - - - 4( 1.3)
Incidental 4 ( 83.3) 1(16.7) - - 5C 1.6
Total 223 ( 75.0) 51 (17.2) 15(5.1) 8(2.7) 297 (100.0)
T Mixed:hemorrhage with seizure
Table 5. Locations of AVMs and outcomes
. Overall outcome (%)
Location
Good Fair Poor Dead Total
Cerebral convexity
Frontall 39 (84.8) 5( 10.9) 2( 43 - 46 ( 15.5)
Parietal 52 (76.4) 11 (162 4( 5.9 1(1.5) 68 (1 22.9)
Temporal 56 (72.7) 14( 18.2) 4( 52 339 77 ( 25.9)
Occipital 23 (79.3) 3( 10.3) 135 2(6.9) 29( 9.8)
Callosal 22 (78.6) 5017.9) 135 - 28( 9.4)
Sylvian/insular 9 (81.8) 2( 182 - - 11 37)
Rolandic 7 (87.5) - 1(12.5) - 8( 27)
Thalamus/basal ganglia 4(36.3) 5 ( 45.5) 191D 1(9.1) 11 37)
Cerebellum 11 (61.1) 5(27.7) 1( 5.6) 1(5.6) 18( 6.1)
Brain stem - 1 (100.0) - - 1(C 03)
Total 223 (75.0) 51(17.2) 15C 5.1) 8(2.7) 297 (100.0)
Table é. Spetzler-Martin grade and related outcomes
Overall outcome (%)
S-M grade
Good Fair Poor Dead Total
| 58 (89.2) 7 (10.8) - - 65 ( 21.9)
I 93 (75.0) 21 (16.9) 7( 5.6 3(2.5) 124 ( 41.8)
I 64 (68.1) 21 (22.3) 4 ( 4.3) 5(5.3) 94 ( 31.6)
v 8 (57.1) 2(14.3) 4(28.6) - 14( 4.7)
Total 223 (75.0) 51 (17.2) 15(C 5.1) 8(2.7) 297 (100.0)

Average follow-up periodd 4.2 years

00 000(71.0%), 45000 00(19.8%), 13000 00
(5.7%) 000 80(35%)0 000 00000. 000 O
0000 0 00000 00 410(91.1%), 00 30 (6.7%),
00 10(2%)0 000 000 000 000.0 0 O
00000 00 0000 00000 000 000 00
00 00000 000 000 000(Table 4).

0000 00 2200 000 1700(77.3%)0 000 O
00 00 00000 00@61.1%), 00 0000 00
(363%)0 OO 000 0000, 00 0000 0000
0 00 00 000 000 00 000 182%0 000
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00 000 (Table 5).

Spetzler—Martin grade 0 650 OO0 OO 580
(89.2%), 00 70(10.8%)00 OO0, grade OO 1240
000 93000 00(75.0%), 21000 00(16.9%), 7
000 00(G6%) 000 300 000 00000 (2.5%).
Grade 00O 940 OO0 OO 640(68.1%), 00O 210
(22.3%), 00O 40(4.3%), 00O 50(5.3%)0 OO0 OO
0 grade O 140000 8000 0O0O(B7.1%), 2000
00@4.3%), 000 40(28.6%)00 OO0 OO0 OO
00000 grade 0-000 OO0 OO0 OO O0O0O O



Table 7. Major complications of AVM resection in 297 surgical ca-
ses

Complication No. of patients

Rebleeding 12
Remnant 9
Seizure 5
NPPB 3
Infection 2
Systemic 2

1

EDH
Ruptured aneurysm 1
35 (11.8%)

Total

Table 8. Causes of unfavorable outcomes

Outcome
Poor Dead Total
Inifial insult 11 3 14
Rebleeding 3 1 4
Radiation necrosis 1 - 1
Systemic complication - 2 2
NPPB' - 1 1
Ruptured aneurysm - 1 1
Total 15(5.1%) 8(27%) 23(7.8%)

T O Normal perfusion pressure breakthrough

0000 OO00O(Table 6). OOOO0O OO Grade V O
oo ooo.

A8 295 2 2% 132 7290
00 0000 00 350(11.8%)00 000, 000
0 1200 OO0 OO0, 0000 00000 OO OO0 9
0,000 00 3000. 0000 000 000 000 9
0 000O0,0 0 40000 000 OO0 000 000.
0 00 000 00 50,00000 000 30,00 20,
00 0 D000D00 10 000.0 0 000 O 000
0000 20,000 0000 000 10 00O (Table 7).
00000 00 0O 000 000 00 0000 51%
(150), 0000 27%(@0)I10. 000 000 000 15
00 00 0 30000 OO0 000 00 000 0000
0 00 00000 0000, 00 O 000 30,000
00 0 000 000 000 00 0 00 000 10 O
00.000 800 0O O 000 OO0 000 00 OO
00 000 000 000 300 00 0000, 00 00
0,0000 00 000 00 000 20,00 0 000
10,00 000 000 10000 000 0000000
000 00O 10 000 (Table 8).
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00. 29293 19860 Spetzlerd Martin 00 OO0 OO,
00,000000 00 000 10000 0000 000
O grading systemd 000000 OO OOOO OOO
OO0 00 0000 oo 000 grade O, 0000 O
OO0 000 O0O00O 0000 grade 0000 4%, grade
0000 7% 000 grade VOOO 12%0 0000 OO
00 00000. Heros 00 3710 0000000 OO
0000 grade O, O, 00 000 O,VOO 00000
00 0000 D000 000 (morbidity 2.8/20.3%, mor-
tality 0.4/1.6%).”® 0 000 DO0O000 grade 0000
000 000 00 000 0000, grade D000 53%
0 000, grade 0 286%0 OO0 OO0 0OOO O
0000 00 0000 OO0 0000 OO0, Shid Chen
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