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ABSTRACT 

 

Surgical Outcomes of the Brain 

Arteriovenous Malformations 

: A Single-Center Experience In Korea 

 

Seung Pil Ban 

Department of Medicine, Translational Research 

The Graduate School  

Seoul National University 

 

Objective: The aim of this study was to evaluate the recent outcomes of surgeries 

performed for brain arteriovenous malformations (bAVMs) in a single center and to 

analyze the risk factors associated with poor clinical outcomes.  

 

Methods: A retrospective analysis of 84 patients with bAVMs who were treated with 
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microsurgical resection was performed to evaluate the basal characteristics, clinical and 

radiological outcomes, and risk factors associated with poor clinical outcomes. The 

mean clinical follow-up duration was 44.3 ± 36.5 months (range, 6-154 months).   

 

Results: Forty-nine patients (58.3%) presented with hemorrhages and 78 patients 

(92.8%) had bAVMs of Spetzler-Martin (SM) grades ≤ 3. Complete obliteration was 

achieved in 82 patients (97.6%). Favorable clinical outcomes (modified Rankin Scale 

[mRS] ≤ 2) were observed in 75 patients (89.3%) at the last follow-up. Seventy-three 

patients (86.9%) were clinically improved or unchanged, and 11 experienced 

worsened conditions. The mortality rate was 0.0%. In the multivariate analysis, the risk 

factors that were found to be associated with poor clinical outcome were a preoperative 

mRS ≥ 3, localization in an eloquent area and a higher SM grade (≥ 4). 
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Conclusion: The surgical outcomes were generally satisfactory. A preoperative mRS  

≥ 3, a bAVM in an eloquent area and a higher SM grade (≥ 4) were associated with 

poor clinical outcomes. 

 ......................................................................................................................................................... 

Key words: arteriovenous malformation, hemorrhage, surgical outcome, brain, risk 

factor 

Student number: 2015-20021  



iv 

 

Contents 

 

Abstract ..................................................................................................... i 

Contents .................................................................................................. iv  

List of Tables ............................................................................................ v 

List of Figures ......................................................................................... vi 

Introduction ............................................................................................. 1 

Methods .................................................................................................... 3 

Results ...................................................................................................... 9 

Discussion .............................................................................................. 15 

Conclusion ............................................................................................. 26 

Reference ............................................................................................... 27 

Abstract in Korean ............................................................................... 45 



v 

 

List of Tables 

 

Table 1. Demographics of the brain arteriovenous malformations ........................... 37 

Table 2. Risk factors for hemorrhagic presentation of bAVMs ............................... 39 

Table 3. Clinical outcomes following surgical resection ....................................... 40 

Table 4. Outcomes of seizures following surgical resection ................................... 41 

Table 5. Risk factors for poor clinical outcomes following surgical resection ............. 42 

 

 

 

 

 

 



vi 

 

List of Figures 

 

Figure 1 .................................................................................................. 43 

Figure 2 .................................................................................................. 44 

 



1 

 

INTRODUCTION 

 

Brain arteriovenous malformations (bAVMs) are abnormal vascular tangles of arteries 

and veins that lead to direct shunting through a nidus without intervening capillaries. 

Symptomatic intracranial hemorrhages (ICH) are the most common presenting feature 

of bAVMs and occur in 50% initial presentations (1-3). A recent meta-analysis of 9 

studies of the natural history of this condition suggested annual hemorrhage rates of 2.2% 

in unruptured and 4.5% in ruptured bAVMs (2). Despite conflicts over the optimal 

bAVM therapy, in the past decade, the current treatments remain microsurgical 

resection, endovascular embolization and gamma knife radiosurgery (GKRS) either 

individually or in combination, and these treatments are generally accepted to improve 

clinical care by eradicating the bAVM (with or without hemorrhage) (4-7).  

In recent years, a few studies have reported that medical management groups have 
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significantly lower risks of stroke or death and better outcomes than interventional 

treatment groups (8, 9). However, there are major criticisms of these studies in terms of 

the randomization of bAVMs, the follow-up durations, the treatment modalities, and 

the lack of external validity (10, 11). Additionally, several recent reports have been 

published that state that microsurgical resection provides more favorable outcomes 

than conservative management in most low- and middle-grade bAVMs (3, 4, 12-16).  

Surgical resection of a bAVM provides an immediate therapeutic cure and is associated 

with the highest overall rate of obliteration relative to other treatment modalities. 

However, the selection criteria for surgery are important for reducing the surgical risks 

and improving clinical outcomes (7, 17). Currently, several reports of the outcomes of 

surgeries for bAVMs have been reported (6, 12, 13, 15, 16, 18-21). The aim of this 

study is to evaluate the outcomes of surgeries for bAVMs in a single institute and to 

analyze the risk factors associated with poor surgical outcomes. 
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METHODS 

 

Patient selection 

The prospectively collected database contained a series of 895 patients with bAVMs 

who underwent multimodal treatments from January 2001 to December 2014. These 

bAVMs were treated with neurosurgery alone (n = 58), embolization alone (n = 69), 

GKRS alone (n = 742), or via the use of multimodal treatments that combined 

neurosurgery with either embolization (n = 16), GKRS (n = 7), or both (n = 3). Among 

these patients, the medical records and radiological data of 84 patients with bAVMs 

that were treated with microsurgical resection with or without other treatment 

modalities were reviewed and analyzed following the approval of the regional 

Institutional Review Board. The patient selection criteria are outlined in Figure 1. 
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Microsurgical management 

The surgical indications in this study were as follows: (1) a Spetzler-Martin (SM) grade 

of 1 or 2 or a SM grade 3 that was located superficially; (2) an acute or old hemorrhage; 

(3) medically intractable symptoms; and (4) lesions that were incompletely treated 

with GKRS or embolization. Since 2011, surgical resections of bAVMs with a FLOW 

800 software-integrated microscope (Carl Zeiss, Oberkochen, Germany) have been 

performed. Preoperative embolizations with ethylene vinyl alcohol mixed with 

dimethyl sulfoxide (Onyx; Covidien, Irvine, California, USA), 33% N-butyl 

cyanoacrylate, coils or combination thereof were performed as adjuvant therapies to 

occlude the major arterial feeders and reduce the shunting flow. After microsurgical 

resection, the patients were closely observed in the intensive care unit for at least 24 

hours while maintaining normotensive blood pressure. Occasionally, postoperative 

sedation was given to reduce the risk of postoperative bleeding in patients with large 
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and high-flow bAVMs. 

 

Radiological and clinical evaluations 

For the exact assessment of the characteristics of bAVMs, preoperative and 

postoperative computed tomography (CT), magnetic resonance imaging (MRI) and 

digital subtraction angiography (DSA) were performed. The characteristics of the 

bAVMs were evaluated based on the recommendations of the Joint Writing Group 

AVM reporting standards and included the following: clinical presentation, laterality, 

nidus size and location (supra- or infratentorial), eloquence, pattern of venous drainage, 

concomitant aneurysms, and angioarchitectural features (24). The bAVMs were also 

classified according to the SM grading system (25). The hemorrhagic statuses were 

evaluated by preoperative CT and MRI. CT scans were used to detect acute ICHs, 
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which appeared as high intensity, and old hemorrhages, which appeared as 

encephalomalacia around the bAVM. MRI was more useful for detecting evidence of 

old hemorrhages, such as atrophic or cystic parenchymal changes around the bAVM 

and hemosiderin deposition that appears as a hypointensity around the bAVM on T2-

weighted, T2-weighted gradient echo or susceptibility-weighted imaging sequences 

due to the magnetic susceptibility effect. The volume of each hematoma from the 

bAVMs with hemorrhagic presentations was calculated as follows: (one maximal 

diameter ⅹ the other maximal diameter at 90° degrees to the first maximal diameter 

ⅹ the number of slices multiplied by the slice thickness) / 2 (26). Postoperative DSA 

was performed within 1 month to assess the postsurgical angiographic statuses of the 

bAVMs. Complete obliteration was defined as no visible nidus or arteriovenous 

shunting flow on the postoperative DSA.  

The clinical statuses of the patients were evaluated using the modified Rankin Scale 
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(mRS) at admission and the last follow-up (27). Favorable clinical outcomes were 

defined by an mRS ≤ 2, and the patients were divided into the following three groups 

based on the changes in the clinical states between the initial and last periods: 

improved, unchanged, and worsened. A modified Engel classification was used to 

evaluate the postoperative seizure outcomes (Class 1: seizure-free, aura only, or 

seizures only after the withdrawal of an anti-epileptic drug; Class 2: rare seizures after 

treatment or a single postoperative seizure; Class 3: a 50% reduction in seizure 

frequency; and Class 4: no change or an increase in postoperative seizure frequency) 

(28).  

 

Statistical analysis 

All statistical analyses were performed using SPSS statistical software (version 22.0; 
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IBM Corporation, Armonk, NY, USA). The continuous variables are presented as the 

means ± standard deviations (SD). The categorical variables are presented as the 

numbers and percentages. Univariate and multivariate logistic regression analyses 

were used to assess the risk factors for the hemorrhagic presentation of a bAVM and 

poor clinical outcomes. Multivariate logistic regressions analysis was performed with 

the independent variables that were selected based on a significance value of p < 0.1 in 

the univariate analyses. The results are presented as the odds ratios (OR) with the 95% 

confidence intervals (CI). Statistical significance was defined at p < 0.05.  
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RESULTS 

 

Characteristics of the patients and bAVMs 

The demographics of the bAVMs are summarized in Table 1. Among the 84 patients, 

12 (14.3%) had histories of hypertension, and 4 (4.8%) were using antiplatelet 

medication. The most common presenting symptom was cerebral hemorrhage, which 

occurred in 49 patients (58.4%) and consisted of ICH in 34 patients (40.5%), 

intraventricular hemorrhage (IVH) in 3 patients (3.6%), and combined ICH and IVH 

in 12 patients (14.3%). The mean ICH volume was 38.1 ± 25.8 cm
3 
(range, 4.5 - 137.2 

cm
3
). Fourteen patients (16.7%) had an old hemorrhagic bAVM. The mean maximal 

bAVM size was 2.8 ± 1.4 cm (range, 0.8 – 8.0 cm), and 57 patients (67.9%) had a 

bAVM with a small nidus of less than 3 cm. The bAVMs were located in the eloquent 

areas in 44 patients (52.4%), including the sensorimotor area in 14, visual cortex in 15, 
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Broca’s area in 6, Wernicke’s area in 6, and basal ganglia in 3. Seventy-two lesions 

(85.7%) had cortical venous drainage alone, 10 (11.9%) had cortical drainage 

combined with deep venous drainage, and 2 (2.4%) had only deep venous drainage. 

The bAVMs were supplied by a single feeder in 37 (44.0%) patients and by multiple 

feeders in 47 (56.0%). Accompanying aneurysms were present in 15 patients (17.9%), 

including aneurysms that were distal-flow related in 7 (8.3%), nidal in 5 (6.0%), 

proximal-flow related in 1 (1.2%), and non-flow related in 2 patients (2.4%).  

Among the 84 patients, 58 patients received microsurgery alone, and 16 patients had 

undergone prior embolization. Seven patients who had undergone GKRS received 

microsurgery due to worsening symptoms and residual nidi. Three patients who had 

undergone combined treatment with embolization and GKRS received microsurgery 

due to ruptured bAVMs. Two patients, each with a ruptured bAVM, had a residual 

nidus and subsequently underwent GKRS.  
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Risk factors for hemorrhagic presentation of bAVMs 

Table 2 presents the risk factors for the hemorrhagic presentation of a bAVM. In the 

univariate analysis, a nidus size < 3 cm (OR, 5.687; 95% CI 1.966 – 16.454; p = 0.001), 

localization in an eloquent area (OR, 7.391; 95% CI 2.218-24.636; p = 0.001), and the 

presence of a single feeder (OR, 4.657; 95% CI 1.414 – 15.462; p = 0.012) were 

significant risk factors for hemorrhaging at presentation. Calcification of the bAVM 

nidus was a preventive factor for hemorrhaging (OR, 0.109; 95% CI 0.017 – 0.689; p 

= 0.019). In the multivariate analysis, a nidus size < 3 cm (OR, 9.710; 95% CI 2.218 – 

42.502; p = 0.003) was the only significant risk factor for hemorrhagic presentation. 

 

Clinical and angiographic outcomes 
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The clinical outcomes are summarized in Table 3. At the last follow-up, which 

occurred at a mean of 44.3 ± 36.5 months after treatment (range, 6-154 months), 

favorable clinical outcomes were observed in 75 patients (89.3%), and poor outcomes 

were observed in 9 patients (10.7%, Figure 2). Of the 17 patients whose initial 

presentation was seizure, fourteen patients (82.4%) were modified Engel class 1, 2 

patients were class 2, and 1 patient was class 3 (Table 4). Postoperative DSA was 

performed in all patients at a mean duration of 7.6 ± 5.6 days (range, 1-30 days). 

Complete obliteration of the bAVM was achieved in 82 patients (97.6%). Thirteen 

combined aneurysms were resected with the nidus or concomitantly clipped. One 

proximal flow-related aneurysm was completely occluded via coil embolization during 

the preoperative embolization, and the other non-flow related small aneurysm was 

followed up. 

There were 14 cases (16.7%) of perioperative morbidity that included 2 permanent 
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(2.4%) and 12 transient (14.3%) complications. The permanent complications included 

2 cases of postoperative ICH in one ruptured and another unruptured lesion of SM 

grade 4. The transient complications included 2 cases of wound infection, 4 cases of 

transient aphasia, 2 cases of postoperative epidural hemorrhage, and 1 case each of 

transient motor weakness, postoperative vasospasm, small infarction, and small ICH. 

The mortality rate was 0.0%. 

 

Risk factors associated with poor clinical outcomes 

Table 5 lists the risk factors that were associated with poor clinical outcomes following 

after surgical resection. In the univariate analysis, a preoperative mRS ≥ 3, localization 

in an eloquent area, a higher SM grade (≥ 4), and preoperative embolization were 

found to be significant risk factors for poor clinical outcomes. In the multivariate 
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analysis, a preoperative mRS ≥ 3 (OR, 10.650; 95% CI 1.800–63.029; p = 0.009), 

localization in an eloquent area (OR, 6.494; 95% CI 1.459 – 50.209; p = 0.025), and a 

higher SM grade (OR, 12.694; 95% CI 1.512-106.558; p = 0.019) remained significant 

risk factors that were associated with poor clinical outcome after surgical resection 
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DISCUSSION 

 

This study analyzed the results of surgeries for bAVMs in a single Korean institute and 

demonstrated that the surgical outcomes of bAVMs were satisfactory, with a 97.6% 

complete obliteration rate and an 87.4% rate of favorable clinical outcomes (mRS ≤ 2). 

Furthermore, bAVMs with small nidi of less than 3 cm were a risk factor for initial 

hemorrhage, and poor preoperative clinical states, eloquent area localization and higher 

SM grades were risk factors for poor clinical outcomes.  

 

Hemorrhagic presentation and its risk factors 

The results of several published reports regarding hemorrhagic risk factors on 

presentation can be condensed as follows: a small nidus size (< 3 cm), a deep location, 
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deep venous drainage, a single drainage vein, and venous ectasia or associated 

aneurysm (1, 29, 30). Yamada et al. (31) reported that a small nidus size is a risk factor 

for hemorrhagic presentation (OR, 2.22; 95% CI, 1.39-3.54; p < 0.001). In this study, a 

small nidus size (< 3 cm) was the only factor that was associated with hemorrhage 

presentation. This finding is compatible with those of the previous studies (29-31). 

However, this result may be associated with some selection bias because the early 

detection of small-sized bAVMs is difficult unless they rupture and present clinically.  

This study only demonstrated the hemorrhagic risk factors that are associated with a 

hemorrhagic presentation at the initial bAVM diagnosis without subsequent 

hemorrhagic risk factors of untreated bAVMs. Previously known subsequent 

hemorrhagic risk factors during follow-up in untreated bAVM patients are advanced 

age, initial hemorrhagic presentation, a deep location, deep venous drainage and 

associated aneurysm (29-33). These risk factors are similar to those of initial 
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hemorrhagic presentation. However, there is currently no established pathomechanism 

connecting nidus size and hemorrhage risk. Graf et al. (31) reported that the rates of the 

occurrence of hemorrhages in small and large bAVMs are 10% and 0%, respectively, 

in the first year and 52% and 10%, respectively, in the fifth year. However, most 

follow-up studies have not demonstrated association between nidus size and the 

subsequent bAVM bleeding risk (1, 2, 29, 30, 32).  

Flores et al. (33) reported that distal-flow related and nidal aneurysms are most 

strongly associated with increased hemorrhage and re-hemorrhage rates with various 

prevalences of bAVM-associated aneurysms (range 2.7 – 58%) (33). The natural 

history of non-flow related aneurysm is similar to that of general intracranial aneurysm, 

and proximal-flow related aneurysms are not associated with hemorrhagic presentation 

(33, 34). In this study, the aneurysms were combined in 16 patients (18.3%), of which 

13 aneurysms (81.3%) were present in the ruptured bAVMs. However, combined 
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aneurysm was not a significant risk factor for the hemorrhagic presentation. This result 

is compatible with that in the ARUBA trial, which reported an incidence of combined 

aneurysms of 17% without any correlation with hemorrhagic presentation or the 

completion of follow-up (9).  

 

Clinical and angiographic outcomes 

The literature reveals that disabling persistent neurological deficits (mRS ≥ 3) are 

present in 6 – 8% of patients after resection (7, 20). In this study, 12.6% of patients 

exhibited an mRS score ≥ 3 after surgical resection, and this result is higher than those 

of other studies. This result may be associated with a higher proportion of ruptured 

bAVMs in this study when compared to other publications. The outcomes of seizures 

in the patients with bAVMs after surgical resection have been reported in several 
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studies (22, 35, 36). Ninety-six percent of patients in a western study, 80% of patients 

in a Chinese study, and 78% of patients in a Korean study had modified Engel class 1 

outcomes (22, 35, 36). In the present study, 83.3% of the patients had a modified Engel 

class 1 outcome, and this is consistent with other Asian studies. Lawton et al. reported 

that poor final mRS scores (3 to 6) are associated with bAVM size (≥ 3 cm), eloquent 

localization and increasing age (6). Other authors have reported that predictors of 

complications include an increased bAVM size (OR 3.2, 95% CI 1.5–6.6; p = 0.001), 

an increased number of embolizations (OR 1.6, 95% CI 1.1–2.2; p = 0.01), and an 

unruptured bAVM (OR 2.7, 95% CI 1–7.2; p = 0.05) [21]. In contrast, Theofanis et al. 

believed that hemorrhagic brain injury and its secondary effects may mask the surgical 

morbidity associated with microsurgery for bAVMs; therefore, an unruptured bAVM 

seemed to be a predictor of poor clinical outcome (21). In this study, a preoperative 

mRS ≥ 3, localization in an eloquent area and a higher SM grade were the significant 
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risk factors that were associated with poor clinical outcomes. Hemorrhagic 

presentation was not found to be predictive of poor clinical outcome in our study. 

Although hemorrhaging produces brain injury and secondary effects, such as cerebral 

edema, elevated intracranial pressure, and hydrocephalus, in our surgical experience, 

we found that hemorrhaging could often create a procedural advantage that made 

lesional resection easier due to the presence of an already formed hematoma cavity 

lying between the critical intracranial structures, gliosis, encephalomalacia, or a non-

anatomic route of access. These perceived advantages thus facilitate the surgical 

resection of ruptured bAVMs and can improve clinical outcomes.  

In previously reported data, successful bAVM obliteration has been achieved in 95 – 

98% of patients after microsurgery (6, 7, 17). In the present study, complete bAVM 

obliteration was achieved in 97.7% of the patients after resection, and this result is 

similar to those of previous reports.  
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Surgical considerations 

Surgical resection of bAVMs is the first-line treatment or criterion standard because of 

the resulting immediate therapeutic cure and the high overall rates of obliteration. 

Published surgical series of acute hemorrhagic bAVMs have demonstrated that the 

surgical resection of a bAVM with a hematoma can improve the patient’s prognosis in 

more than three-quarters of patients and with less than 5% mortality (3, 13, 19, 23, 38, 

39). Patients with old hemorrhagic bAVMs without hemorrhagic symptoms are 

typically considered to have unruptured bAVMs. However, old hemorrhagic bAVMs 

are also known to be highly predictive of subsequent ICH (hazard ratio, 3.53; 95% CI, 

1.35-9.23; p = 0.010) (2, 40); therefore, we similarly considered that the surgical 

resection of old hemorrhagic bAVMs might be more helpful in terms of improving 

patients’ prognoses than conservative treatment. Abla et al. reported the outcomes of 30 
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old hemorrhagic bAVMs that were treated with microsurgery, and the surgical 

outcomes of the patients with these lesions were similar to those of patients with 

unruptured bAVMs (41). For these reasons, in our institution, we strictly classified 

these acute and old hemorrhagic bAVMs as equivalent to ruptured bAVMs. In this 

study, among the patients with ruptured bAVMs, 55 (87.3%) exhibited favorable 

outcomes. A hemorrhage may provide a safer corridor of access to an eloquent bAVM 

and ease its resection. Some published reports do support the notion of improved 

surgical outcomes for ruptured bAVMs (6, 18). In contrast, other authors have reported 

contradictory findings (42). Although, some basal characteristics in this study exhibited 

significant differences between the ruptured and unruptured bAVMs, we found that the 

rates of favorable clinical outcomes were not significantly different (p = 0.720).  

In general, the management of unruptured bAVMs is based on a thorough 

understanding of the natural history as well as the risks of treatment. Although the 



23 

 

ARUBA study demonstrated the superiority of medical management for the 

prevention of death or stroke in patients with unruptured bAVMs, this study was 

compromised by the small percentage of surgically treated patients (17 patients [18%]). 

Therefore, this result should be carefully interpreted and should not be considered as an 

indictment of microsurgery. Indeed, some studies have demonstrated the opposite, i.e., 

that the surgical outcomes for low and middle SM grade bAVMs are superior to those 

for conservative management (9, 12, 15, 37). In the present study, 94.1% of the patients 

with unruptured and 79.2% of the patients with ruptured bAVMs of SM grade of ≤ 2 

exhibited mRS scores of ≤ 1. These results are similar to those reported by Pott et al 

(91% vs 65%, respectively) (15). Therefore, although there is no randomized study 

regarding the role of surgery for low-grade bAVMs, we believed that surgical resection 

might helpful than conservative treatment for these selected patients in terms of 

improving clinical outcomes. 
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The bAVMs with SM grades of 4 or 5 often involved eloquent regions. The decision to 

treat or not to treat must be made on an individual basis because a poor postoperative 

outcomes are likely for unruptured lesions, and complete elimination of the bAVM 

alone meets the treatment goal and protects from future hemorrhage. Generally, when 

feasible, we treated ruptured and/or symptomatic bAVMs via microsurgery with 

endovascular embolization with or without GKRS. In our institution, if microsurgery 

was viewed as unfeasible, the patients were treated with GKRS with or without 

endovascular embolization. The bAVMs that were subjected to GKRS exhibited a 66.4% 

obliteration rate with a 1.9% overall annual bleeding rate as presented in previously 

published report (5).   

Additionally, although this study did not demonstrate a significant association between 

combined aneurysms and hemorrhagic presentation, these aneurysms were completely 

obliterated during surgery. In this manner, microsurgery can simultaneously treat 
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combined aneurysms. 

This study has several limitations that include the retrospective data analysis, the 

single-center nature of the study, recall bias, and the lack of a comparison with 

untreated bAVMs. Additionally, the old hemorrhagic bAVMs were classified as 

ruptured bAVMs. Although previously hemorrhagic bAVMs have exhibited a higher 

subsequent hemorrhagic risk, the natural history may be different from that of acute 

hemorrhagic bAVMs, which creates a susceptibility to selection bias. To eliminate 

these potential limitations, a prospective study with a large number of patients is 

required.  
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CONCLUSION 

 

The clinical and angiographic outcomes of patients with bAVMs who were treated 

with microsurgery in this study were similar to those of previous reports, although 

some risk factors associated with hemorrhagic bAVM presentation and poor clinical 

outcomes exhibited discrepancies. The risk of hemorrhagic presentation may only be 

associated with a small size of nidus (< 3 cm). A preoperative mRS ≥ 3, localization in 

an eloquent area and a higher SM grade were associated with poor clinical outcome 

after resection. Microsurgical resection of bAVMs can be safe and effective for our 

selected Korean demographic group. 
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TABLE 1. Demographics of the brain arteriovenous malformations  

Age, years  37.4 ± 14.6 (8.0–77.0)
 

Male : female 52 : 32
 

Right : left 38 : 46 

Clinical presentations  

  Incidental 3 (3.6) 

  Headache 15 (17.9) 

  Seizure 17 (20.2) 

  Hemorrhage 49 (58.4) 

      ICH ± IVH 46 (54.8) 

      IVH alone 3 (3.6) 

Spetzler-Martin Grade  

  1 27 (32.1) 

  2 37 (44.0) 

  3 14 (16.7) 

  4 6 (7.2) 

  5 0 (0.0) 

Maximal nidus size, cm  2.8 ± 1.4 (0.8–8.0)
 

Venous drainage  

  Cortical drainage alone 72 (85.7) 

  Deep ± cortical 12 (14.3) 

Eloquence 
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  Yes 44 (52.4) 

  No 40 (47.6) 

Location of nidus 
 

  Supratentorial 79 (94.0) 

  Infratentorial 5 (6.0) 

Combined arterial aneurysms 15 (17.9) 

ICH = intracranial hemorrhage, IVH = intraventricular hemorrhage, n = number 

Values indicate the numbers (percentages) of patients or lesions for categorical 

variables, and means ± standard deviations (range) for continuous variables. 
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TABLE 2. Risk factors for the hemorrhagic presentation of a bAVM 

 Univariate Multivariate 

 Odd ratio ( 95% CI) p value
 

Odds ratio ( 95% CI) p value 

Age ≥ 40 years 2.729 (0.891–8.363) 0.079   

Sex (female) 1.316 (0.466–3.716) 0.604   

Hypertension 1.792 (0.360 –8.932) 0.476   

Anti-platelet medication 1.067 (1.001–1.136) 0.568   

AVM characteristics     

 Dominant hemisphere 2.470 (0.895–6.816) 0.081   

 Infratentorial location 1.085 (1.010–1.165) 0.319   

 Nidus size < 3cm 5.687 (1.966 –16.454) 0.001 9.710 (2.218–42.502) 0.003 

 Exclusive deep venous 

drainage 

0.679 (0.183–2.510) 0.561   

 Eloquent area 7.391 (2.218–24.636) 0.001   

 Single feeding artery 4.675 (1.414–15.462) 0.012   

 Combined intracranial 

aneurysm 

1.412 (0.357–5.581) 0.623   

 Spetzler-Martin Grade ≥ 4 0.644 (0.109–3.798) 0.627   

 Nidal calcification  0.109 (0.017–0.689) 0.019   

bAVMs = brain arteriovenous malformations 
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TABLE 3. Clinical outcomes following surgical resection 

Variables Total 

(n = 84) 

Unruptured 

(n = 21) 

Ruptured  

(n = 63)
 

Mean clinical follow-up, months  

44.3 ± 36.5 

(6.0-154.0) 

56.6 ± 41.0 

(17.0-154.0) 

40.4 ± 34.4 

(6.0-123.0)
 

Modified Rankin Scales   
 

  Preoperative 2.0 ±1.4 (0-5) 1.2 ± 0.6 (0-2) 2.3 ± 1.5 (0-5)
 

  Postoperative 1.0 ± 1.3 (0-5) 0.4 ± 0.8 (0-3) 1.2 ± 1.3 (0-5)
 

    Favorable (0-2) 75 (89.3) 20 (95.2) 55 (87.3) 

    Poor (3-5) 9 (10.7) 1 (4.8) 8 (12.7) 

    Death (6) 0 (0.0) 0 (0.0) 0 (0.0) 

Changes of clinical states   
 

  Improved 60 (71.4) 16 (76.2) 44 (69.8) 

  Unchanged 13 (15.5) 3 (14.3) 10 (15.9) 

  Worsened 11 (13.1) 2 (9.5) 9 (14.3)
 

Values indicate the numbers (percentages) of patients or means ± standard deviations (range) 
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TABLE 4. Outcomes of seizures following surgical resection 

 Modified Engel classification 

 Class I Class II Class III
 

Unruptured  12 1 0 

Ruptured 2 1 1 

Total 14 (82.4) 2 (11.8) 1 (5.8) 

Values indicate the numbers (percentages) of patients 
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TABLE 5. Risk factors for poor clinical outcome following surgical resection 

 Univariate Multivariate 

 Odd ratio ( 95% CI) p value
 

Odds ratio ( 95% CI) p value 

Age ≥ 40 yrs 1.200 (0.298-4.835) 0.798   

Sex (female) 0.429 (0.083-2.205) 0.311   

Preoperative mRS ≥ 3 10.316 (1.971-54.004) 0.006 10.650 (1.800-63.029) 0.009 

AVM characteristics     

 Dominant hemisphere 2.687 (0.624-11.566) 0.184   

 Infratentorial location 0.726 (0.077 – 6.867) 0.726   

 Nidus size ≥ 3cm 0.332 (0.081-1.354) 0.124   

 Deep venous drainage 0.128 (0.526-162.521) 0.128   

 Eloquent area 6.574 (2.236–40.107) 0.001 6.494 (1.459 –50.209) 0.025 

 Combined aneurysm 0.545 (0.063-4.715) 0.581   

 Rupture  2.909 (0.342-24.749) 0.511   

 Spetzler-Martin Grade ≥ 4 12.000 (1.976-72.890) 0.007 12.694 (1.512-106.558) 0.019 

 Preoperative embolization 5.446 (1.294–22.927) 0.021   

AVM = arteriovenous malformation, mRS = modified Rankin Scale 
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FIGURE 1. Outline of patient selection 
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FIGURE 2. Clinical outcomes. Percentage of patients who presented in each pre- and 

postoperative modified Rankin Scale scores. 
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국문 초록 

: 한국 내 단일 기관의 임상적 경험 

 

 

목적: 이 연구의 목적은 단일 기관에서 뇌동정맥 기형에 대한 최근의 수술적 치료 

결과와 나쁜 임상 결과에 영향을 주는 위험 인자에 대해 평가하고자 한다. 

 

대상과 방법: 이 연구는 미세 수술적 제거로 치료 받은 뇌동정맥 기형을 가진 

84명의 환자를 대상으로 기본적 특성과 임상적, 영상학적 결과 및 나쁜 임상 

결과에 영향을 주는 위험 인자에 대해 후향적으로 분석을 시행하였다. 평균 

 

뇌동정맥 기형의 수술적 치료 결과 
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임상적 관찰 기간은 44.3 ± 36.5 개월 (범위, 6-154 개월) 이었다.  

 

결과: 49명(58.3%)의 환자들은 출혈 소견을 보였고 78명(92.8%)의 환자들은 

스페츨러-마틴 등급 분류에서 등급 3 이하의 뇌동정맥기형을 가지고 있었다. 

82명(97.6%)의 환자들에서 뇌동정맥 기형이 완전히 제거되었다. 마지막 임상 경과 

관찰 시기에 좋은 임상적 결과 (수정랜킨수치 2점 이하)를 보이는 환자는 

75명(89.3%) 이었다. 73명(86.9%)의 환자들은 임상적으로 호전 또는 변화 없음의 

소견을 보였고, 11명의 환자들은 임상 증상의 악화를 보였다. 사망률은 0.0%였다. 

다변량 변수 분석에서 나쁜 임상 결과와 유의한 관련을 보이는 위험 인자는 수술 

전 수정랜킨수치 3점 이상, 우성 부위 병변 및 높은 스페츨러-마틴 등급 (등급 4 

이상)들이 있었다.  
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결론: 뇌동정맥 기형의 수술적 제거는 일반적으로 만족스런 결과를 보였다. 수술 

전 수정랜킨수치가 3점 이상인 경우, 뇌동정맥 기형이 우성 부위에 위치한 경우 

및 높은 스페츨러-마틴 등급 (등급 4 이상)의 뇌동정맥 기형에서는 임상적 결과가 

좋지 않았다. 

 .....................................................................................................................................  

주요어: 동정맥기형, 출혈, 수술적 치료 결과, 뇌, 위험인자 

학  번: 2015-20021 
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