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INTRODUCTION

Surgical resection is widely regarded as a preferred approach 

for treating cerebral arteriovenous malformations (AVMs) due 

to its demonstrated high cure rate, low complication rate, and 

the immediacy of its treatment effectiveness, as evidenced by 

current surgical results with low-grade brain AVMs14). Im-

provements in surgical outcomes over time can be attributed 

to several factors : the development of grading systems to se-

lect optimal candidates, the recognition of AVM subtypes 

(which has aided in understanding AVM anatomy)2), advances 

in tools such as bipolar forceps and microclips for effective oc-

clusion or embolization of feeding arteries14), and the progres-

sion of approaches and surgical strategies that facilitate safe 

AVM surgery8).

Such advancements in AVM surgery stand in contrast to the 
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findings of the ARUBA (a randomized trial of unruptured 

brain arteriovenous malformations) trial11). The ARUBA trial 

demonstrated the superiority of medical management over in-

terventional therapy in terms of mortality or stroke among pa-

tients with unruptured AVMs tracked over 33 months11). How-

ever, the premature termination of the ARUBA study after 

interim results were analyzed has faced significant criticism4).

Despite receiving multiple criticisms, the ARUBA yielded a 

new standard for medical treatment, diminishing the per-

ceived importance of surgical intervention. We aimed to dem-

onstrate, through 14 years of accumulated data, that surgery 

does not lead to adverse outcomes. The ARUBA study focused 

on unruptured AVMs, but we investigated low-grade AVMs, 

regardless of rupture status, to showcase the positive outcomes 

of surgical treatment. In this study, we selected surgical pa-

tients who had Spetzler-Martin (S-M) grade 1 and 2 AVMs 

and analyzed the safety and efficacy of the procedures.

MATERIALS AND METHODS

The study was conducted following a review by the Institu-

tional Review Board of Chonnam National University Hospi-

tal (CNUH-2022-203).

Patient selection
We conducted a retrospective review analyzing data of pa-

tients managed between January 2009 and December 2022 at 

Chonnam National University Hospital. The review included 

a total of 55 patients with S-M grade 1 and 2 AVMs who un-

derwent surgery, selected from 407 overall AVM cases. These 

patients were treated regardless of rupture status and under 

the guidance of three surgeons at a single center.

Clinical evaluation
Patients’ preoperative conditions were evaluated using the 

Glasgow coma scale (GCS), supplemented by medical records 

and database records. Functional outcomes were assessed us-

ing the modified Rankin scale (mRS), dichotomized into 

“good” (mRS 0–1) or “poor” (mRS 2–6), which were obtained 

both before surgery and at a 90-day follow-up observation pe-

riod for each patient. Baseline functional status was evaluated 

at outpatient visits or hospital admissions prior to treatment, 

while subsequent information was gathered during postopera-

tive outpatient visits or hospital admissions. Postoperative 

vascular angiographic results were determined by neuro-in-

terventional radiologists, with complete removal defined as 

the absence of residual nidi on vascular angiography. The 

good angiographic outcome was defined as the ratio of pa-

tients with complete removal among all those who underwent 

postoperative angiography.

Statistical analysis
Statistical analysis was performed using Stata/SE 16.1 

(StataCorp, College Station, TX, USA). For all categorical vari-

ables, cross-tabulation was generated, and Fisher’s exact test, 

the chi-square test, and linear-by-linear association were em-

ployed. Continuous variables were compared using the Mann-

Whitney U test. Multivariate analysis was also conducted. 

Characteristics with p-values less than 0.05 were considered 

statistically significant.

RESULTS

Patient characteristics
Within our cohort of 407 patients, exclusions were made for 

Fig. 1. Patient selection process flowchart. AVM : arteriovenous 
malformation, S-M : Spetzler-Martin.

Surgical treatment for low grade AVMs
(n=55)

E xclusions were as follows 
(n=352)

1. High S-M grade (n=159)
2.  Low S-M grade (<3) but 

received treatments other 
than surgical (n=25)

3.  Loss to follow-up, including 
refusal of treatment or 
transfer to another hospital 
(n=26)

4.  Underwent observation 
(n=142)

Unruptured AVMs (n=11)

S-M grade 2
(n=24)

S-M grade 1
(n=20)

S-M grade 2
(n=3)

S-M grade 1
(n=8)

Ruptured AVMs (n=44)

Total AVM patients (n=407)
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Fig. 2. Surgical removal for ruptured arteriovenous malformation (AVM) case. A : Pre-operative computed tomography scan illustrating a right 
frontoparietal hematoma. B : Pre-operative digital subtraction angiogram (DSA) from the right internal carotid artery reveals the AVM as the source of 
hemorrhage, slated for surgical excision. C : Post-operative DSA confirming the AVM’s absence, indicative of successful surgical removal. D and E : 
Detailed surgical approach involving microsurgical removal of the AVM via navigated craniotomy and meticulous excision, including clipping of the 
feeding artery. F : The extracted surgical specimen, showcasing the completely resected AVM.
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Fig. 3. Surgical removal for unruptured arteriovenous malformation (AVM) case. A : Pre-operative gadolinium-enhanced axial T1-weighted magnetic 
resonance image depicts an unruptured right frontal AVM. B : Pre-operative digital subtraction angiography (DSA) from the right internal carotid artery  
identifies the AVM, targeted for surgical removal. C : Post-operative DSA confirms the AVM’s absence, indicating successful surgical eradication. D and 
E : Description of the surgical technique involving microsurgical removal of the AVM via navigated craniotomy and precise excision, with clipping of the 
feeding artery. F : The surgical specimen, demonstrating the completely excised AVM.
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several reasons : 159 patients were excluded due to high S-M 

grades (≥3), 25 for receiving non-surgical treatments despite 

low S-M grades (<3), 26 due to loss to follow-up (including 

treatment refusal or hospital transfer), and 142 underwent ob-

servation, resulting in 55 patients who proceeded with surgical 

interventions. This subgroup comprised 11 patients with un-

ruptured AVMs—eight with grade 1 lesions and three with 

grade 2 lesions—and 44 with ruptured AVMs, including 20 

with grade 1 lesions and 24 with grade 2 lesions (Fig. 1).

Fig. 2 illustrates the surgical removal process for a ruptured 

AVM, showing preoperative imaging, the surgical approach, 

and postoperative outcomes confirming AVM elimination. 

Fig. 3 showcases the excision of an unruptured AVM, with 

initial diagnostics, detailed surgical steps, and evidence of 

complete removal through postoperative imaging.

Table 1 delineates the fundamental characteristics of the 55 

surgical interventions. Overall, the mean age was 37.40±18.56 

years, with a slight male preponderance (65.5%). The most 

common AVM locations were the frontal lobe (30.9%) and the 

temporal lobe (30.9%). AVMs were more frequently located 

Table 1. Characteristics of low-grade AVM patients treated surgically

Unruptured AVM Ruptured AVM Total

Sex

Male 5 (45.5) 31 (70.5) 36 (65.5)

Female 6 (55.5) 13 (29.5) 19 (34.5)

Age (years) 41.55±20.40 35.25±18.25 37.40±18.56

Clinical presentation

Intracranial hemorrhage 0 (0.0) 41 (93.2) 41 (74.5)

Seizure 2 (18.2) 0 (0.0) 2 (3.6)

Headache 3 (27.3) 0 (0.0) 3 (5.5)

Other 6 (54.5) 3 (6.8) 9 (16.4)

AVM location

Frontal lobe 5 (45.4) 12 (27.3) 17 (30.9)

Temporal lobe 3 (27.3) 14 (31.8) 17 (30.9)

Fronto-temporal lobe 0 (0.0) 1 (2.3) 1 (1.8)

Parietal lobe 3 (27.3) 6 (13.6) 9 (16.4)

Occipital lobe 0 (0.0) 8 (18.2) 8 (14.5)

Cerebellum 0 (0.0) 3 (6.8) 3 (5.5)

AVM side

Right 10 (90.9) 27 (61.4) 37 (70.9)

Left 1 (9.1) 17 (38.6) 18 (29.1)

Associated aneurysm

Nidal or flow related 2 (18.2) 15 (34.1) 17 (31.0)

Spetzler-Martin grade

I 8 (72.7) 20 (45.5) 28 (50.9)

II 3 (27.3) 24 (54.5) 27 (49.1)

Preoperative Glasgow coma scale

13–15 11 (100.0) 27 (61.4) 38 (69.1)

9–12 0 (0.0) 7 (15.9) 7 (12.7)

8 or less 0 (0.0) 10 (22.7) 10 (18.2)

Prior treatments

Radiosurgery 0 (0.0) 1 (2.3) 1 (1.8)

Values are presented as mean±standard deviation or number (corresponding ratio). AVM : arteriovenous malformation 
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on the right side (70.9%), and 31.0% of the total cohort had 

accompanying nidal or f low-related aneurysms. S-M grades 

were nearly equally distributed, with 50.9% in grade 1 and 

49.1% in grade 2.

Intracranial hemorrhage (74.5%) was the most common 

initial clinical presentation in the overall cohort, accompanied 

by seizures and headaches. The preoperative GCS scores were 

above 13 in 69.1% of the overall cohort and below 8 in 18%. 

One patient (1.8%) underwent preoperative radiosurgery.

Surgical management
All patients underwent postoperative vascular angiography 

to confirm residual AVMs. Table 2 shows that residual AVMs 

were not observed in 48 patients (87.3%), confirming complete 

AVM resection. Among these 48 patients without any rem-

nant AVM tissue, 37 had ruptured AVMs, and the others had 

unruptured AVMs. Remnant AVMs were identified in four 

patients (7.3%) during postoperative vascular angiography, all 

of whom had ruptured AVMs. The remaining three patients 

with ruptured AVMs either refused postoperative vascular 

angiography (n=1) or died (n=2). This result suggests a good 

angiographic outcome of 92.3% (48/52).

Although there were two deaths in this study, the mortality 

rate is reported as 0%. The deceased patients did not die di-

rectly due to AVM surgery; instead, they passed away due to 

their conditions upon hospital admission, already in critical 

condition due to AVM rupture.

Postoperative angiographic outcomes
As summarized in Table 2, in the ruptured AVM cohort, 37 

out of 44 patients (84.1%) achieved complete angiographic 

obliteration, while four patients (9.1%) had residual AVM, and 

three patients (6.8%) did not undergo postoperative angio-

graphic evaluation. Conversely, all 11 patients (100.0%) with 

unruptured AVMs achieved complete angiographic oblitera-

tion, with no residual AVMs or missing postoperative studies. 

Overall, the cohort exhibited a high complete obliteration rate 

of 87.3% (48 out of 55 patients), with 7.3% (four patients) hav-

ing residual AVMs and 5.4% (three patients) not undergoing 

postoperative angiographic evaluation. These findings under-

score the efficacy of surgical resection in achieving favorable 

angiographic outcomes, particularly in unruptured AVMs, 

which demonstrated a 100.0% rate of complete obliteration.

Postoperative functional outcomes
Regarding functional outcomes after surgery (Table 2), in 

the ruptured AVM group, 26 patients (59.1%) had favorable 

outcomes (mRS 0–1), while two patients died. In the unrup-

tured AVM group, all 11 patients (100.0%) had favorable out-

comes (mRS 0–1). Among the patients with ruptured AVMs, 

42 (95.5%) had either improved or unchanged mRS scores, 

while among the patients with unruptured AVMs, 10 (90.9%) 

had either improved or unchanged mRS scores. In a single 

case of an unruptured AVM patient, despite the exacerbation 

of the mRS score from 0 to 1, the patient was classified as 

achieving a favorable outcome upon assessment based on out-

come criteria.

In the univariate analysis of factors related to favorable 

(mRS 0–1) versus poor (mRS ≥2) functional outcomes (Table 

3), the preoperative GCS score was identified as a significant 

Table 2. Angiographic and functional outcome of low-grade AVM patients undergone surgery

Ruptured AVM Unruptured AVM Total

Angiographic outcome

Complete 37 (84.1) 11 (100.0) 48 (87.3)

Remnant 4 (9.1) 0 (0.0) 4 (7.3)

No study 3 (6.8) 0 (0.0) 3 (5.4)

Functional outcome (mRS score)

0–1, good 26 (59.1) 11 (100.0) 37 (67.3)

2–6, poor 18 (40.9) 0 (0.0) 18 (32.7)

Post-operative changes (mRS score)

Unchanged/improve 42 (95.5) 10 (90.9) 52 (95.0)

Worsen 2 (4.5) 1 (9.1) 3 (5.0)

Values are presented as number (corresponding ratio). AVM : arteriovenous malformation, mRS : modified Rankin scale
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predictor. Specifically, a GCS score of 9–12 was associated 

with an odds ratio of 7.11 (p=0.026), while a GCS score <9 ex-

hibited an odds ratio of 21.33 (p=0.001). Additionally, accom-

panying aneurysms (intranidal or f low-related) were signifi-

cantly associated with poor outcomes. Notably, factors such as 

AVM location, S-M grade itself, and components of the S-M 

grade (size, eloquence of adjacent brain parenchyma, venous 

drainage pattern) were not significantly associated with func-

tional outcomes. Furthermore, multivariate logistic regression 

analysis on the four variables with a p-value of ≤0.1 in the 

univariate logistic regression analysis revealed significant as-

sociations between groups with low GCS scores (9–12 and <9) 

and accompanying intranidal/flow-related aneurysms.

Postoperative complications
After surgical AVM removal, 12 patients (21%) manifested 

Table 3. Surgical results with low-grade AVMs

mRS outcome Univariate logistic regression Multivariate logistic regression

Good (0–1) Poor (2–6) OR (95% CI) p-value* OR (95% CI) p-value†

Number of patients 37 18

Sex

Female 13 (35.1) 6 (33.3) 1 (reference)

Male 24 (64.9) 12 (66.7) 1.08 (0.33–3.56) 0.895

Age (years) 36.05±19.53 37.44±17.28 1.000 (0.97–1.04) 0.794

AVM site

Right 28 (75.7) 9 (50.0) 1 (reference) 1 (reference)

Left 9 (24.3) 9 (50.0) 3.11 (0.95–10.23) 0.062 3.10 (0.54–17.90) 0.205

S-M grade

I 20 (54.1) 8 (44.4) 1 (reference)

II 17 (45.9) 10 (55.6) 1.47 (0.47–4.56) 0.504

Size

1 (<3 cm) 30 (81.1) 12 (66.7) 1 (reference)

2 (3–6 cm) 7 (18.9) 6 (33.3) 2.14 (0.60–7.70) 0.243

Eloquence of adjacent brain parenchyma

0, non-eloquent 28 (75.7) 14 (77.8) 1 (reference)

1, eloquent 9 (24.3) 4 (22.2) 0.89 (0.23–3.40) 0.863

Venous drainage

0, superficial 36 (97.3) 17 (94.4) 1 (reference)

1, deep 1 (2.7) 1 (5.6) 2.12 (0.12–35.93) 0.603

Rupture

Unruptured 11 (29.7) 0 (0.0)

Ruptured 26 (70.3) 18 (100.0) - -

GCS scale

13–15 32 (86.5) 6 (33.3) 1 (reference) 1 (reference)

9–12 3 (8.1) 4 (22.2) 7.11 (1.26–40.21) 0.026 16.74 (1.96–142.69) 0.010

<9 2 (5.4) 8 (44.5) 21.33 (3.60–126.25) 0.001 24.86 (2.87–215.35) 0.004

Associated aneurysm

None 29 (78.4) 9 (50.0) 1 (reference) 1 (reference)

Nidal or flow related 8 (21.6) 9 (50.0) 3.63 (1.08–12.17) 0.037 11.14 (1.65–75.15) 0.013

Values are presented as number (%) unless otherwise indicated. *p-value was obtained by performing analysis of univariate logistic regression. †p-value was 
obtained by performing analysis of multivariate logistic regression. AVM : arteriovenous malformation, mRS : modified Rankin scale, OR : odds ratio, CI : 
confidence interval, S-M : Spetzler-Martin, GCS : Glasgow coma scale
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new symptoms. Among them, nine developed seizures, all of 

whom were in the ruptured AVM group. Additionally, one 

patient in the ruptured AVM group developed quadrantanop-

sia, while another developed homonymous hemianopsia. In 

the unruptured AVM group, only one patient exhibited new 

symptoms, which were manifestations of motor aphasia.

Surgical complications were experienced by four patients 

(7.3%), all in the ruptured AVM group. These complications 

included subdural hemorrhage and an epidural abscess at the 

surgical site. Furthermore, two patients experienced cerebro-

spinal fluid leakage. Successful revision procedures were per-

formed on all patients who developed surgical complications.

DISCUSSION

Surgical outcomes of AVMs
This study’s findings underscore the efficacy of surgical 

treatment for low-grade AVMs deemed to require interven-

tion. Resection is generally considered the first-line approach 

for most AVMs in resectable areas, complemented by adjunc-

tive embolization or radiosurgery for AVMs situated in deep 

and inaccessible regions14).

Patients, with a mean age of 37.4 years, were carefully select-

ed to optimize outcomes. Among those who underwent sur-

gery, a good angiographic outcome of 92.3% was achieved. 

Postoperatively, neurological deterioration was limited to 

three individuals (5%), while favorable outcomes (mRS 0–1) 

were observed in 52 patients (95%) overall, including 42 pa-

tients with ruptured AVMs and 10 with unruptured AVMs. 

These surgical outcomes are consistent with findings from 

other studies4,10,12,17).

Endovascular outcomes associated with low-grade 
AVMs

Endovascular embolization is frequently employed to shrink 

large AVMs, improve the safety of surgery, or prepare AVMs for 

radiosurgery6). Some small AVMs have been successfully treat-

ed with embolization alone6). Onyx (ethylene-vinyl alcohol co-

polymer) is a widely used embolic agent, favored for its lower 

adhesive properties and slower polymerization compared with 

NBCA (n-butyl cyanoacrylate), offering distinct advantages7). 

In a review article reporting on 1297 patients primarily with 

low-grade AVMs, the average rates of endovascular morbidity 

and mortality were calculated to be 6.2% and 1.6%, respective-

ly, with an average obliteration rate of 29% and a postoperative 

or delayed hemorrhage rate of 8.0%14). A prospective study of 

224 patients treated endovascularly for low-grade AVMs found 

205 patients (92%) to be completely free of brain AVMs, with 

139 patients (62.1%) cured in a single endovascular treatment 

session; 85 patients (38%) required additional endovascular 

procedures1). Among 19 patients with residual AVMs after en-

dovascular treatment, eight (3.6%) underwent surgical comple-

tion, while nine (4%) received radiosurgical interventions1). 

Overall favorable outcomes (mRS 0–2) were reported for 179 

patients (80%), but the mRS scores of 13 patients (6%) de-

creased relative to their pretreatment scores1). Twelve patients 

(5%) exhibited permanent neurological deficits after treatment, 

and the mortality rate was 0.4% (one patient)1). Another study 

of 109 patients showed that 89.9% achieved complete exclusion 

after endovascular treatment sessions, with 59.6% achieving 

this in a single session. At the 6-month follow-up, 97.2% had fa-

vorable outcomes, with only 4.6% experiencing transient neu-

rological deficits and 0.9% having permanent deficits15). These 

studies suggest that endovascular treatment can be safe and ef-

fective. However, it often requires multiple sessions for success-

ful outcomes and may necessitate additional therapies, such as 

surgery or radiosurgery. Nevertheless, surgery was associated 

with low recurrence rates during follow-up, with few patients 

requiring additional treatment among those with low-grade 

AVMs.

Radiosurgical results with low-grade AVMs
Low-grade AVMs are ideal candidates for radiosurgery ow-

ing to their small target volumes and high obliteration rates; 

however, the latency period of 2 to 3 years between treatment 

and obliteration presents a risk window for AVM hemorrhage 

and associated complications13). A review of 1051 patients with 

low-grade AVMs revealed that 7.2% experienced posttreat-

ment hemorrhage, with morbidity and mortality rates of 6.5% 

and 1.2%, respectively14). The radiosurgical obliteration rate of 

75.2% was significantly lower than the surgical obliteration 

rate.

Furthermore, embolization of AVMs often precedes radio-

surgery, but this sequence can compromise the outcomes of 

radiosurgical procedures. Indeed, obliteration rates associated 

with partial embolization before radiosurgery have been 

shown to be notably lower than those with untreated malfor-
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mations16). This may be due to the occlusion of smaller arterial 

feeders triggering vascular remodeling in response to ischemia 

and partial embolization inducing the recruitment of new 

vascular subsystems, thereby reducing the effectiveness of ra-

diosurgery16). Recently researched studies indicate that micro-

surgery for low-grade AVMs showed higher obliteration rates 

(96% vs. 57%, p<0.001) and better early post-treatment hem-

orrhage-free survival compared to radiosurgery, with similar 

long-term functional outcomes and complication rates5). 

Therefore, despite advancements in endovascular and radio-

surgical techniques, surgery remains a sufficiently effective 

treatment option, offering high obliteration rates, a favorable 

risk profile, and reliable protection against hemorrhage in the 

context of low-grade AVMs.

Postoperative outcomes of low-grade AVMs
Previous studies have not clearly established the association 

between preoperative GCS scores and the postoperative func-

tional outcomes of patients with low-grade AVMs. Our single-

center study specifically focused on this aspect, finding that 

lower preoperative GCS scores were associated with poorer 

functional outcomes, and the presence of an accompanying 

aneurysm was associated with even worse functional out-

comes. This suggests that surgical treatment may be beneficial 

not only in cases with established indications for surgery, such 

as AVM rupture or accompanying neurological symptoms, 

but also in cases with poorer prognostic factors, such as low 

preoperative GCS scores and low-grade AVMs with accompa-

nying aneurysms.

Moreover, the most common postoperative complication in 

this study was seizures (incidence, 16.4%). A prospective study 

of 440 patients with supratentorial AVMs who underwent mi-

crosurgical resection determined a postoperative seizure rate 

of 3% in patients without preoperative seizures3), which was 

lower than the rate observed in our study. Postoperative sei-

zures were considered a risk factor, particularly in cases in-

volving the temporal lobe or associated with intracranial hy-

pertension, regardless of preoperative seizure status. However, 

another population-based study involving 229 patients found 

no difference in the 5-year risk of seizures between surgical 

AVM management and conservative management9). There-

fore, rather than avoiding surgery based solely on the risk of 

postoperative seizures, appropriate postoperative seizure 

management may lead to better outcomes.

Additionally, perioperative complications are comparable to 

those associated with standard craniotomy. However, when an 

AVM ruptures without surgical intervention and neurological 

symptoms occur, there may be lasting sequelae. Therefore, the 

decision for surgery should not be based solely on the presence 

of symptoms at the time of AVM discovery; proactive surgical 

intervention can lead to better outcomes.

CONCLUSION

Surgical resection should be regarded as a viable treatment 

option for low-grade AVMs. Both ruptured and unruptured 

cases exhibited high rates of good angiographic outcomes and 

excellent functional outcomes. The preoperative GCS score 

and associated aneurysm status may serve as important pre-

dictive factors for postoperative functional outcomes. More-

over, effective postoperative seizure management is essential 

for a favorable prognosis
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