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Surgical Management of Large Cerebral Arteriovenous Malformation

- Man-Bin Yim, MD
Department of Neurosurgery, Keimyung University, School of Medicine, Taegu, Korea

@ ABSTRACT

Objects : The surgical management of large cerebral arteriovenous malformation (AVM) is still one of the most difficult fields in
neurosurgery. To select the proper candiate for the surgery and improve the results of surgical management of large AVMs, the
analysis of the author's cases and the review of the literstures are performed. Material and Methods : During the past- 17 years, 111
patients with cerebral AVMs were managed surgically. Among these cases, 23 patients had the large AVMs, more than 5 cm in the
greatest diameter. The author analyzes these 23 cases clinically and discusses the natural history, surgical indication, surgical
techniques, intraoperative and postoperative complications and their management on the basis of the author’s experiences and a review
of the literatures. Results : Among 23 cases, 16 cases showed good outcome without any neurological morbidity. 6 cases showed mild
neurological morbidity such as a memory disturbance, mild hemiparesis or unchanged patterns of seizure, and 1 case showed dense
hemiplegia after surgery. There was no mortality. The surgical management of the large AVMs should be decided very carefully
because their natural history is relatively benign. An early arterial phase of an angiogram is very useful in discriminating feeders from
nidus. An intraoperative use of Doppler ultrasound miniature probe is useful for making a distinction between feeding arteries and
drain veins. Wide opening of the. fissures and sulci and follows the feeding arteries to the nidus, removing the nidus along the exact
border to the brain, induced hypotension during operation and postoperative period with or without pentothal coma were the key
points for the surgical management of large AVMs. Conclusion : The surgical management of large AVMs is so difficult that the
candidates for surgery should be selected carefully bases on the characteristics of the AVMSs and experiences of surgeons. However,
with experience and meticulous attention, many of these lesions can be resected without development of any morbidity and mortality.
(Kor J Cerebrovascular Disease 1:64-74, 1999)

KEY WORDS : Arteriovenous malformation - Surgery - Indication - Technique - Complication - Complication management -
Postoperative care.
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Table 1. Clinical summary of 24 patients with large arteriovenous malformation*

Age/ Size Preop Postop Postop Outcome’
No Sex Location  (cm)  SX deficit  Tx Cx Pent coma postop deficit Remarks
1 28M Pvent 5 H  Hemipar Ex nil - Hemipar. Same Emb.
2 26/M 0] 10 H nil Ex nil - Good
3 20M Pvent 5 H nil Ex Tran. hemipar - Hemipar. improved
4 35fF P 6 H nil Ex+Rs Swell + Good Remin.
5 37/F F 5 H nil Ex+Ex nil - Good Remin. rebl
6  44/M Syl 6 H nil Ex Hem & swell + Hemipar. mild
Memory deficit

7 50/F F 6 H  Hemipar Ex nil - Good
8 21/M Syl 5 Sz nil Ex nil - Good

14/M O 5 H nil Ex nil - Good Dr. vein rupt
10 28fF P 6 Sz nil Ex Tran. hemipar + Hemipar. & aphasia  Intraop. swell

& aphasia improved
11 37M F 7 Sz nil Ex nil - Good
12 23F T 5 H nil Ex+Ex Swell + Good intraop. swell
13 20/F F 1 Sz nil Ex+Ex Swell + Hemipar. mild Intraop. swell
Sz : not improved
14 12M 8 Sz nil Ex+Rs Swell & aphasia + Good Intraop. swell
Remin.

15 28M F 9 Sz nil Ex Swell + Good
16 40/M T 5 Sz nil Ex nil - Good
17 30M T 6 Sz nil Ex nil - Good
18 36/M T 5 Sz nil Ex nil - Good
19 27M F-P 7 Sz nil Ex Hemipl - Permanent hemip!
20 23M O 5 Sz nil Ex nil - Good
21 36fF F 5 Sz nil Ex nil - Good
22 35/fF F 5 Sz nil Ex nil - Good
23 30F T 5 Sz nil Ex Swell + Good

% Cx : complication ; Dr : drain : Emb : embolization
toma ; Hemipar : hemiparesis :
postoperative ; Preop : preoperative ; Pvent : periventricu

Hemipl : hemiplegia ; Intraop © intraoperative : O : occipital ; P : parietal ;
lar ; Rebl : rebleeding ; Remin : reminant ; Rupt : rupture . Rs :

- symptom ; Swell : swelling ; Syl sylvian : Sz : seizure ; T : temporal ; Tran : transient.

“Ex : excision : F : frontal ; F-P : frontoparietal ; H : hemorrhage ; Hem : hema-
Pent : pentobarbital ; Postop :

radiosurgery : Sx
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Fig. 1. Graph showing the correlation of the first appearance of symptoms with the age (A) and the percentage probability of bleeding (B)
and of mortality and morbidity (C) in patients with cerebral arteriovenous malformation, asuming bleeding and rebleeding rates of 2% to 3%
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Fig. 2. Sagittal view of the MRI showing an AVM located on motor
area. Callosomarginal sulcus is the important landmark for the re-
conizing the motor cortex (arrows).

THTable 2).*

2) =T FU Y FE

HEA NP ket 3 $23 Ao] HE gy
9] Heolty, HEFW g g AU (com-
pact) 7H PE3 W
o] dEL TP e R
3 A S Y H2A
TGl xE A Wil Feo] Bl

dER UTh 0 HFENrHe] T wEdAge] sHdet
(gliotic pseudomembrane)o] EAEH TEA] B =
o] dt}. o]Ee EAE A 7&?5—}'5] ¢ F= glovk MRI
4 59N Ee] Bavt EE A ¥ (hemosiderin ring)
o= Mo gAY, T2 ‘W‘}"ﬂ/‘i HEA7 G FH el Bo] &
Aete A& Alrtete 1399 hzdo] EAA wAA e 7}
Aato] 23t 7}sAjo] B},

HPAxFeL HEAWNEY FElA oH=E /M
F83 =4 AAlelt, i E/E Fashe 9454
g, e 9 HAade] #AE A gotsta?® ofge bzt
9] g g HE TFEE SHE Havl deA
Ao} st} B3] 7|7 E HEFYr| P AUy
T, T g FuuFue] 7 R Y{/E FH
e WA 2te A7) &g e

FEEHH WG] WAoo BAE vofst=y|
© HE8HHYY 2] 59 #9 AR digital angioto-
mosynthesis7} #&3}t}."” A= digital angiotomo-

ol O+ 4|
= [—

—

Table 2. Preoperative study and intraoperative monitoring for sur-
gery of arteriovenous malformation*

A. Preoperative study
1. Location of AVM :
- CT, 3-D CT
* MRI, StereoMRA and synthesizing MRA
2. Structure of nidus : Cerebral angiography
« Early arterial phase
« Digital angiotomosynthesis
3. Hemodynamic state :
* SPECT with acetazolamide
« PET
<« TCD
B. Intraoperative monitoring
1. Residual AVM : Intraoperative angiography
2. CBF:
« Laser flowmeter
« Doppler flowmeter
« Thermography
3. Motor :
» Motor evoked potential
* Somatosensory evoked potential
4. Speech
« Magnetoencephalography
5. Seizure
» Encephalocorticography

18)

* . AVM : arteriovenous malformation ; CBF : cerebral blood flow

; CT : computed tomography ; 3-D CT : 3 dimensional computed
tomography ; MRI': magnetic resonance imaging : MRA : magnetic
resonance angiography : PET : positron emission tomography : SP-
ECT : single photon emission computed tomography ; TCD : tran-
scranial Doppler
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Fig. 3. Farly arterial phase of internal carotid artery angiogram, lateral view (A), showing more clearly the numbers of feeders and the re-
lation of the feeders to nidus of AVM than those in mid-arterial phase of angiogram (B) (Case 21).
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Fig. 4. Internal carotid artery angiogram, lateral view, showing large AVM on motor area of the left hemisphere (A). The size of the AVM de-
creased remarkedly after embolization (B).
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on the drain vein, the wave form disappers.
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Fig. 6. Schematic depiction of adaptive autoregulatory displacement
in three different conditions. In the Normotensive Normal, the low-
er limit of autoregulation (LLA) is 50 mm Hg and the LLA is in-
dicated by Point A. The shift in LLA with different conditions or a-
daptive autoregulatory displacement is indicated by the diagonal
dotted line with arrowheads. The LLA of autoregulation is known to
be displaced to a higher level (from Point A to Point B) in chronic
arterial hypertension and to a lower level in the chronically hy-
potensive vascular beds adjacent to an AVM nidus®.
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Fig. 7. Preoperative internal carotid artery (ICA) angiogram, lateral view, showing large AVM extending into ventricle at parietal lobe (A).
The AVM was removed without wide opening of ventricle. Postoperative angiogram showing a small reminant of AVM at deep portion of

the brain (B) (Case 4).
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Fig. 8. Complications of the AVM surgery*. A : Unintentional tear in the wall of a large venous sac comprising the nidus. B : Formation of a
hematoma adjacent to the cleavage plane precipitated by an attempt to control bleeding by packing. C : Persistent bleeding into a ventricle
near completion of surgical excision of AVM. D : Occlusion of artery of passage supplying AVM and normal brain distal to malformation. E
: Circulatory breakthrough F : Retrograde thrombosis of the interrupted feeding artery,'”® * : Dr=drain vein ; ICH=intracerebral hema-
toma ; AVM=arteriovenous malformation ; Vet=ventricle ; Ar=feeding artery ; Tra=transit artery.
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Fig. 9. The management of massive brain sw-
elling after resection of a large arteriovenous
malformation by pentobarbital coma therapy
with intracranial pressure(f{CP) monitoring in
case 4. Her neurological state was good until
11 hours after surgery. Then, it was deteriorat-
ed and her ICP rise to 80 mm Hg. Her ICP
was controlled with pentothal coma therapy

" and she recovered completely without a neu-

rological deficit(Case 4).
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