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[Abstract]  Objective To explore the value of hybrid surgery in children with cerebral
arteriovenous malformation (CAVM). Methods Nineteen cases of pediatric CAVM from December 2015
to December 2019 were included. After the preoperative enhanced MRI and CTA, MRA or DSA
examination confirmed the diagnosis, the hybrid surgery (craniotomy combined with endovascular
embolization and intraoperative real-time DSA) were performed. Operative time, intraoperative blood loss,
hospital stays and perioperative complications were recorded. The modified Rankin Scale (mRS) was used
to evaluate prognosis 6 months later after surgery. Results In 19 CAVM cases, 2 cases were Spetzler-
Martin grade I, 5 cases were grade I, 7 cases were grade Il and 5 cases were grade IV, and 4 cases
dense type, 4 cases intermediate type and 11 cases diffuse type. The average operative time was (307.21 £
115.64) min and intraoperative blood loss was 150 (100, 260) ml. Intraoperative endovascular embolization
was performed in one case, the DSA after CAVM resection revealed 3 cases with residual malformations,
and the final DSA cure rate was 100% (19/19). One patient presented with transient nominal aphasia, one
with left limb hemiplegia, one with pulmonary infection, and one with epileptic seizure. Average hospital
stays was (15.74 £ 5.04) d, followed-up time was 32 (20, 40) months. Sixteen patients had good prognosis
(mRS score <2), and 3 patients had poor prognosis (mRS score = 2). There were no cases of rebleeding or
recurrence. Conclusions Hybrid surgery can safely and effectively improve the cure rate of CAVM in
children, especially for children with complex structure and diffuse type or with previous treatment.
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Table 1. Clinical and image data of 19 children with CAVM
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Table 2. Surgical and follow-up data of 19 children with CAVM
1 WIE VIR + A DSA 163 300 15 EEHeLAmRE 4 0
2 ARHDSA + BRI FEAE AR FE + WTE R HBR + Ao DSA 510 260 12 i 5 J 50 2
3 ARHDSA + WIE BYIBR + AR DSA + U B 4h 379 100 14 x 48 0
4 AR DSA + B VI + R DSA 248 100 15 x 42 0
5 AT DSA + KA VI + R DSA 174 300 15 % 40 0
6 WIEAIBE + Reh DSA 235 130 13 ¥ 39 0
7 AT DSA + WA VIR + R DSA 206 100 10 T 38 0
8 AT H VIR + R H DSA 279 450 19 ISPAEmNAE 33 0
9 BB YIBR + Ath DSA 512 150 24 Je B AR g 32 1
10 R DSA + B B IR + A DSA 239 150 14 % 33 0
11 Ao DSA + BB FI Y1k + DSA s WiJE A5k 8 + 5% B W LT BR + A h DSA 191 100 8 % 25 0
12 BB YIBR + A DSA 313 80 9 T 27 0
13 B A YIBR + A DSA 346 500 19 T 23 0
14 AR DSA + BB VIR + AR th DSA 373 160 16 % 13 0
15 BB TIER + DSA TR WY 5% B + 5% B w8 A 1B + R b DSA 549 200 21 Xk 10 0
16 WiIEHUIBR + DSA 7% T8 1 5% 7 + 5% 7 W TR DD BR + AR v DSA + fol i i 4b 249 200 25 x 9 4
17 BRI + R DSA + G B4 293 260 23 T 7 4
18 AR DSA + WL VIER + R DSA 228 150 17 T 7 0
19 AR DSA + BT B IR + At DSA 350 100 10 x 6 0

mRS, modified Rankin Scale, 2 & Rankin 3
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Table 3. Spetzler - Martin grading system based on the
MRI and DSA "
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Table 4. Compactness score description based on DSA ™
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Figure 1 Preoperative head MRI findings of Case 6  Saggital
enhanced T/WI showed AVM in right frontoparietal lobe (arrow
indicates, Panel la). Axial fMRI showed the motor area was close to
inner and above the AVM (arrows indicate, Panel 1b). DTI showed
the pyramid tract was close to inner and above the AVM (blue areas
indicate, Panel 1c).
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Figure 2 ICA DSA findings of Case 6 Anteroposterior (Panel 2a) and lateral (Panel 2b) views showed the AVM was with a maximum
diameter of over 3 cm and deep draining veins, located in the functional area (arrows indicate). The AVM was Spetzler-Martin grade IV.
AVM resection was performed in the hybrid operation, the anteroposterior (Panel 2¢) and lateral (Panel 2d) views showed the AVN was

disappeared after resection.
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Figure 3 Preoperative head MRI findings of Case 9  Axial
T.WI showed AVM in right basal ganglia outer capsule region
with temporal lobe hematoma (arrow indicates, Panel 3a).

Coronal DTI showed right pyramidal tract located inside the
AVM (blue areas indicate, Panel 3b).
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Figure 4 [CA DSA and intraoperative findings of Case 9 Anteroposterior view of ICA angiography early stage showed the AVM
supplied by the anterior choroid artery and the lateral lenticulostriate arteries, and aneurysmal structure could be seen (arrow indicates,
Panel 4a). Anteroposterior (Panel 4b) and lateral (Panel 4c) view of ICA angiography late stage showed the AVM was of the diffuse type,
with a maximum diameter of over 3 cm and deep draining veins (arrows indicate). The AVM was Spetzler-Martin grade IV. Preoperative
embolization was performed for the aneurysmal structures with Glubran (arrow indicates, Panel 4d), indicating that the aneurysmal
structures disappeared (Panel 4e). AVM resection was performed in the hybrid operation (Panel 4f). Anteroposterior (Panel 4g) and
lateral (Panel 4h) views after resection showed the AVN was disappeared.
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