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Abstract

OBJECTIVE—Surgical resection is an appealing therapy for brain arteriovenous malformations 

(AVM) because of its high cure rate, low complication rate, and immediacy, becoming the first-

line therapy for many AVMs. To clarify safety, efficacy, and outcomes associated with AVM 

resection in the aftermath of ARUBA, we reviewed an experience with low-grade AVMs, the 

most favorable AVMs for surgery and the ones most likely to have been selected for treatment 

outside of ARUBA’s randomization process.

METHODS—A prospective AVM registry was searched to identify patients with Spetzler-Martin 

grade I and II AVMs treated with surgical resection during a 16-year period.

RESULTS—Of the 232 surgical patients included, 117 (50%) presented with hemorrhage, 33% 

had Spetzler-Martin grade I, and 67% had grade II AVMs. Overall, 99 patients (43%) underwent 

preoperative embolization, with unruptured AVMs embolized more often than ruptured AVMs. 

AVM resection was accomplished in all patients and confirmed angiographically in 218 patients 

(94%). There were no deaths among patients with unruptured AVMs. Good outcomes (mRS 0–1) 

were found in 78% of patients with 97% improved or unchanged from their pre-operative mRS 

scores. Unruptured AVM patients had better functional outcomes (91% good outcome compared 

to 65% in the ruptured group, p=0.0008), while relative outcomes were equivalent (98% 

improved/unchanged in ruptured AVM patients versus 96% in unruptured AVM patients).

CONCLUSION—Surgery should be regarded as the “gold standard” therapy for the majority of 

low-grade AVMs, utilizing conservative embolization as a preoperative adjunct. High surgical 

cure rates and excellent functional outcomes in both ruptured and unruptured patients support a 

dominant surgical posture, with radiosurgery reserved for risky AVMs in deep, inaccessible, and 
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highly eloquent locations. Despite the technological advances in endovascular and radiosurgical 

therapy, surgery still offers the best cure rate, lowest risk profile, and greatest protection against 

hemorrhage for low-grade AVMs. ARUBA results are influenced by a low randomization rate, 

bias toward non-surgical therapies, a shortage of surgical expertise, a lower rate of complete AVM 

obliteration, a higher rate of delayed hemorrhage, and short study duration. Another randomized 

trial is needed to reestablish the role of surgery in unruptured AVM management.

INTRODUCTION

Surgical resection is an appealing therapy for brain arteriovenous malformations (AVM) 

because of its high cure rate, low complication rate, and immediacy, becoming the first-line 

therapy or “gold standard” for many AVMs.4,25 Surgical results have improved over time 

with: (1) the creation of grading systems to select patients likely to experience optimal 

outcomes;5,11,18,19,43 (2) the development of instruments such as bipolar forceps and AVM 

microclips to coagulate or occlude feeding arteries effectively; (3) the recognition of AVM 

subtypes that help decipher AVM anatomy;5,9,17,35,36 and (4) the refinement of surgical 

approaches, strategies, and dissection techniques that facilitate safe AVM 

resection.4,11,13,18,25,44 This impressive evolution of AVM surgery is at odds with the 

finding of the ARUBA Trial23 (A Randomized trial of Unruptured Brain AVMs) that 

medical management alone was superior to interventional therapy for the prevention of 

death or stroke in patients with unruptured AVMs followed for 33 months. This finding is 

explained in part by the trial’s 13% randomization rate, suggesting that many clinicians did 

not deem AVMs with low Spetzler-Martin grades (low treatment risk) to be in equipoise 

with medical management (high hemorrhage risk), or conversely, did not deem those with 

high grades (high treatment risk) to be in equipoise with medical management (low 

hemorrhage risk), and “selected treatment outside of the randomization process” (177 

patients, or 79% of included patients).23

Another important explanation for the ARUBA finding is the trial’s surprisingly nonsurgical 

management of patients in the interventional group.23 Overall, 81% of patients were treated 

with embolization alone (32%), radiosurgery alone (33%), or combined embolization and 

radiosurgery (16%), and only 17 patients (18%) were treated surgically, with or without 

embolization. Therefore, the three-fold increase in death or stroke in the interventional arm 

reflects current nonsurgical therapies and should not be interpreted as an indictment of AVM 

surgery.23 In the aftermath of ARUBA,23 it is important to clarify the safety, efficacy, and 

outcomes associated with AVM resection. Therefore, we reviewed our experience in 

managing Spetzler-Martin grade I and II AVMs, the most favorable AVMs for surgery and 

the ones most likely to have been selected for treatment outside of ARUBA’s randomization 

process.

METHODS

Data Collection

This study was approved by the Institutional Review Board and conducted in compliance 

with Health Insurance Portability and Accountability Act regulations. The prospective 

registry of the UCSF Brain Arteriovenous Malformation Study Project was searched to 
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identify patients with Spetzler-Martin grade I and II AVMs who were treated with surgical 

resection at our institution between 1997 and 2013. Operations were performed by the senior 

author (MTL). The database as well as medical records, pre- and post-treatment 

radiographic studies, and clinical follow-up evaluations were reviewed retrospectively.

Outcome Evaluation

The primary outcome measure was functional outcome at last follow-up based on the 

modified Rankin Scale score (mRS) dichotomized to “good” (mRS 0–1) or “poor” (mRS 2–

6). Long-term functional outcomes were only evaluated in patients with more than 30 days 

of follow-up. Neurologic assessments were performed by a neurologist and/or a dedicated 

clinical research nurse, without involvement of treating neurosurgeons. The pretreatment 

functional status was obtained from pretreatment clinic visits or admission examinations, 

while follow-up information was obtained during post-treatment clinic visits, subsequent 

hospital admissions, or telephone interviews. The Social Security Death Index was searched 

for all patients with less than 30 days of follow-up to ensure that no early deaths were 

missed. Angiographic outcomes were determined by a neurointerventional radiologist.

Statistical Analysis

Statistical analysis was performed using JMP 11 (SAS, North Carolina, USA). Frequency 

distributions and summary statistics were calculated for all baseline characteristics and 

outcome measures. For all categorical variables (e.g., unruptured status), a cross-tabulation 

was generated and a Fisher’s exact (for 2×2 contingency tables) or Pearson χ2 test (for larger 

contingency tables) were used to compare distributions between groups of interest. 

Continuous variables were compared using a analysis of variance (ANOVA). Statistical 

significance was defined as p<0.05.

RESULTS

Patients and AVM Characteristics

Between 1997 and 2013, 332 patients with Spetzler-Martin grade I or II AVMs managed at 

our institution and 234 of these (70%) were managed surgically. Two of these patients who 

underwent concomitant surgical treatment for other pathologies (orbital squamous cell 

carcinoma resection in one and extracranial-to-intracranial bypass for moyamoya disease in 

the other) excluded from this cohort. Nine patients who had aneurysms clipped 

concomitantly were included. Baseline characteristics for the remaining 232 surgical 

patients are shown in Table 1. Overall, the mean age was 38 years with a slight female 

predominance (56%). The most common AVM location was the frontal lobe (34%). Half 

(117 patients) presented with AVM rupture and 53% presented with a mRS of 0 or 1. 

Spetzler-Martin grades were I in 33% and II in 67%. Patients presenting with AVM rupture 

differed from those presenting without ruputre in AVM location (p=0.0014), pre-operative 

mRS (p<0.0001), and supplementary AVM grade (p<0.0001).

Surgical Management

Overall, 99 patients (43%) underwent preoperative embolization, with unruptured AVMs 

embolized more often than ruptured AVMs (53% and 33%, respectively; p=0.005). Only 4 
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patients were treated previously, 2 with stereotactic radiosurgery and 2 with both remote 

embolization and radiosurgery.

AVM resection was accomplished with a single stage in all but 5 patients. These 5 patients 

had unexpected residual AVM noted on their postoperative angiogram and all were taken 

back to the operating room for complete resection. Post-operative angiograms were obtained 

in 218 patients (94%, Table 2). Of these, no residual was noted in 213 (98%). Repeat 

angiograms in the 5 patients with residual AVM confirmed complete AVM resection. Of the 

14 patients with no postoperative angiography, 3 expired during their post-operative 

hospitalization. The remaining 11 patients refused postoperative angiography, but they had a 

mean follow-up time of 1.6 years (range 25 days to 6.2 years).

Significant intraoperative AVM rupture occurred in 1 patient. Post-operative hemorrhages 

due to surgical site bleeding occurred in 3 patients, all of which required evacuation of the 

hematoma. Two patients were noted to have postoperative infarcts, one involving a 

lenticulostriate artery and one a middle cerebral artery. Finally, 2 patients had wound 

infections requiring surgical debridement.

Of note, an 8 year-old patient who underwent complete resection of a left temporal grade II 

AVM with a negative post-operative angiogram was found to have recurrent AVM in that 

same location on a five-year follow-up angiogram. He underwent a repeat resection without 

complication and had no residual AVM noted on both the post-operative and a repeat 5-year 

follow-up angiogram.

Functional Outcomes

Four patients died within 30 days of their AVM resection, all in patients with ruptured 

AVMs. Three patients presented with devastating AVM hemorrhages (vermian, tonsillar, 

and temporal AVMs), underwent uncomplicated resection, had pre- and postoperative mRS 

scores of 5, and their families withdrew care. These deaths were attributed to severity of 

hemorrhage rather than surgery. One patient with a deep parietal AVM had an MCA stroke 

related to AVM resection and died from resulting medical complications (surgical mortality, 

0.4%). There were no deaths among patients with unruptured AVMs.

Long-term follow-up was available in 207 patients (89%). Mean time to follow-up was 1.7 

years (median 1.2 years, range 2 weeks to 12.8 years). Four additional patients were dead at 

late follow-up, all unrelated to their AVM surgery. One patient died from cancer 3 years 

postoperatively (mRS 1); one patient died from renal failure 4 months postoperatively (mRS 

0); and two patients died of unknown causes 1.9 years (mRS 1) and 5.7 years (mRS 1) 

postoperatively. The mRS from the next-to-last clinical evaluation was used for the 

functional outcome analysis.

Overall, good outcomes (mRS 0–1) were found in 78% of patients with 97% improved or 

unchanged from their pre-operative mRS scores (Table 2). As expected, patients with 

unruptured AVMs had better functional outcomes, with 91% having a good outcome at time 

of last follow-up compared to 65% in the ruptured group (p=0.0008). Relative outcomes 
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were slightly better in patients with ruptured AVMs, with 98% improved or unchanged, 

compared with 96% in patients with unruptured AVMs.

Univariate analysis of factors associated with good (mRS 0–1) versus poor (mRS ≥2) 

functional outcomes identified younger age (OR 0.98 for each increasing year; logistic 

regression, p=0.03), unruptured presentation (good outcomes in 88% of unruptured AVMs 

and 65% of ruptured AVMs; two-tailed Fisher’s exact test, p=0.0001), and pre-operative 

mRS (good outcomes in 94% and 57% with pre-operative mRS scores of 0–1 and ≥2, 

respectively; χ2 test, p<0.0001). Of note, AVM location, Spetzler-Martin and supplementary 

grades, pre-operative embolization, and time to follow-up were not significantly associated 

with functional outcome. The 3 variables above were fit into a logistic regression model that 

confirmed that young age (OR 0.98 for each increasing year, p=0.03) and low pre-operative 

mRS (OR 11.8 for mRS 0–1 versus mRS ≥2, p<0.0001) remained significantly associated 

with good outcomes. The odds ratio for hemorrhagic presentation in this model did not reach 

statistical significance (OR 0.97 for unruptured versus ruptured, p=0.95).

DISCUSSION

Surgical Results with Low-Grade AVMs

This study exemplifies a surgical posture towards low-grade AVMs that regards curative 

resection as the first-line or “gold standard” therapy for the majority of lesions, utilizing 

embolization as a preoperative adjunct and reserving radiosurgery for risky AVMs in deep, 

inaccessible locations, in eloquent areas that might be associated with postoperative 

neurological deficits, and/or with diffuse nidus morphology that might complicate 

microdissection. Patients were carefully selected to optimize outcomes, with a mean age of 

38 years, supplementary grades of 3 or less in 69% of patients, and few (<4%) in deep 

locations or brainstem. Conservative embolization minimized additional treatment risk, with 

only 43% of patients undergoing embolization and no patients experiencing endovascular 

complications. Surgical cures were confirmed in all patients who underwent postoperative 

angiography. Overall, 6 patients (3%) were worse neurologically after surgery, with 161 

patients (78%) in total and 91 patients (91%) with unruptured AVMs experiencing good 

outcomes (mRS 0–1). These surgical results are consistent with other reports in the literature 

(Table 3).4,11–13,25,33,38,39,41,43,44 In a review of 1235 patients with low-grade AVMs, the 

average surgical morbidity and mortality rates were 2.2% and 0.3%, respectively, with an 

average cure rate of 98.5% and a post-operative or delayed hemorrhage rate of 0.3% (Table 

3).

Endovascular and Radiosurgical Results with Low-Grade AVMs

The management of AVMs in other parts of the world is diverging from the surgical 

approach described above. In Europe, for example, treatment is often limited only to 

ruptured AVMs, beginning with aggressive embolization, frequently adding radiosurgery for 

incompletely embolized AVMs,2,3,32,40 and rarely resorting to surgical resection. Onyx is an 

important endovascular advancement because its high viscosity allows for slow intranidal 

injection, its prolonged solidification promotes deep penetration to the venous side of the 

AVM,24 and its nonadherence reduces catheter retention.24,32 Onyx has improved the 
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efficacy of endovascular therapy with better cure rates than NBCA glue, but cure rates are 

still low and curative attempts are associated with increased complications, occlusion of 

critical draining veins, and adverse imaging findings in as many as 40% of 

patients.1,10,15,20,24,26,28–31,37,42,46–48 In a review of 1297 patients with mostly low-grade 

AVMs, the average endovascular morbidity and mortality rates were 6.2% and 1.6%, 

respectively, with an average cure rate of 29% and a post-operative or delayed hemorrhage 

rate of 8.0% (Table 4).1,10,15,20,26,28–31,37,42,46–48 Therefore, aggressive endovascular 

therapy has higher procedural risks, significantly lower cure rates, and increased hemorrhage 

risks compared to surgery.

A similar comparison can be made with radiosurgery for low-grade AVMs. Although these 

lesions are ideal for radiosurgery because of their lower target volumes and higher 

obliteration rates, the 2 to 3 year latency period between treatment and obliteration opens a 

time window for AVM hemorrhage and associated complications. Radiation-induced 

complications are low, but in a review of 1051 patients with low-grade AVMs, 7.2% of 

patients hemorrhaged after treatment, resulting in morbidity and mortality rates of 6.5% and 

1.2%, respectively (Table 5).6–8,14,16,21,27,34,49 The 75.2% radiosurgical cure rate was 

substantially better than the endovascular cure rate, but still less than surgery. Therefore, 

despite the technological advances in endovascular and radiosurgical therapy, surgery still 

offers the best cure rate, lowest risk profile, and greatest protection against hemorrhage for 

low-grade AVMs. Surgery cannot compete with the minimally invasive appeal of these 

other modalities, but this issue remains secondary to functional outcome.

The results of our analysis are consistent with other systematic meta-analyses of AVM 

therapy not limited to low-grade AVMs. In a recent meta-analysis of 13,698 patients by van 

Beijnum et al.,45 the complication rates and case fatality rates were: 6.6 and 0.96 % for 

embolization; 5.1 and 0.5 % for radiosurgery; and 7.4 and 1.1 % for surgery, with the 

increased surgical risks reflecting the inclusion of intermediate and high-grade AVMs. 

However, obliteration rates were 13%, 38%, and 96% for embolization, radiosurgery, and 

surgery, respectively.45 Estimates of hemorrhage risk after surgery were 1.7, 1.7, and 0.2 % 

for embolization, radiosurgery, and surgery, respectively.45

Critique of ARUBA

How do we interpret the ARUBA findings in the context of our study? First, based on the 

surgical experience described above, a significant number of neurosurgical investigators in 

ARUBA did not consider low-grade AVMs to be in equipoise with medical management 

and “selected treatment outside of the randomization process” (177 patients, or close to the 

number of included patients).23 Conversely, intermediate (31.8%) and high-grade AVMs 

(10.3%) that are generally considered to have a more benign natural history and high risk for 

any treatment were included in the trial, diminishing the interventional results.23

As a participating site in the ARUBA trial, we screened 473 patients, identified 87 who were 

eligible, and enrolled only 4. Of the 74 ARUBA-eligible patients with sufficient follow-up 

for analysis, 61 were treated (including 36 low-grade AVMs) and 13 were observed. Most 

treated patients underwent surgical resection with or without preoperative embolization 

(43/61, 70.5%). Stroke and death, the primary end-points by ARUBA definitions, were 
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observed in 10 patients, including 1 in the observation group (8%), 5 in the surgical group 

(11%), and 4 in the radiosurgical group (27%). There was no significant difference in stroke/

death rates (HR 1.34, 95% C.I. 0.12–14.53, p=0.807) or clinical impairment (Fisher’s exact 

p=0.68) between observed and treated patients. Therefore, our results in ARUBA-eligible 

patients were better than those reported in ARUBA, leading to an entirely different 

conclusion about AVM intervention. This difference was due to utilizing surgery as the 

primary therapy, selecting surgical patients judiciously with established outcome predictors, 

and developing surgical expertise through high AVM case volume.

Second, ARUBA was unusually biased towards non-surgical therapy, with 81% of patients 

treated with endovascular embolization alone (32%), radiosurgery alone (33%), or combined 

embolization-radiosurgery (16%).23 The 18% of ARUBA patients treated surgically 

contrasts sharply with the 71% of ARUBA-eligible patients treated surgically at our site. 

Data on cure rates were not published with ARUBA,23 but the number of incompletely 

obliterated AVMs was likely significant and resulted in ongoing ruptures. Therefore, the 

event rates observed in Kaplan-Meier estimates of “as-treated” patients reflected the 

procedural morbidity of endovascular therapy plus the delayed morbidity of latency 

hemorrhage associated with radiosurgery.23 The outcome of such a group could never 

exceed that of an observational group whose only morbidity was the natural history risk.

Third, the shortage of surgical expertise in the ARUBA trial is apparent. Two-thirds of 

patients in the interventional group had low-grade, surgical AVMs and yet only 18% 

underwent surgery, which is well below expectation for the gold standard therapy.23 The 

rates of stroke and death in this trial do not match reported surgical outcomes (Table 3). 

Therefore, the overall management of AVMs in ARUBA reflects a non-surgical posture 

consistent with the fact that of the 38 of 65 total ARUBA sites were in Europe, Australia, 

and Brazil.22 Centers were required to manage 10 AVM patients per year, but there were no 

minimum requirements for neurosurgeons. AVM resection is among the most challenging 

neurosurgical cases, and the best AVM surgeons typically perform three times ARUBA’s 

minimum requirement annually. In a review of AVM outcome data from the National 

Inpatient Sample, we found that mortality rates were lowest and discharges to home were 

highest amongst neurosurgeons with the highest case volume, defined as the top quartile 

with 30 or more AVM resections per year. Had the ARUBA trial been embraced by the 

neurosurgical community, the application of surgical therapy would have been higher, the 

interventional outcomes would have been better, and the benefits of intervention would have 

been obvious. Had ARUBA been more surgical with complete resections and no delayed 

hemorrhage in nearly all patients as described above, the event rates observed in Kaplan-

Meier estimates of “as-treated” patients would have plateaued and the benefits of 

intervention would have been realized in much less than 10 years. Although this time 

interval is reasonable in a population of young patients (mean age 45 years) with long life 

expectancy, the trial was stopped long before reaching this cross-over point (median follow-

up duration, 33 months).23
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Another Randomized Trial: BARBADOS

The ARUBA trial has had significant impact because it was a randomized, controlled trial. 

Our results with low-grade AVMs were derived from a larger cohort of patients than 

ARUBA (232 versus 223) and more than twice the number of treated patients (232 versus 

98), but the impact of our results is limited by study design. Although the UCSF AVM 

database is prospectively maintained by statisticians with input from multiple disciplines, 

including functional outcomes from dedicated clinical research nurses and neurologists (not 

treating neurosurgeons), and angiographic outcomes from neurointerventional radiologists, 

this case series is influenced by referral biases, institutional biases, and selection biases. 

Patients are selected according to established outcome predictors embodied in the Spetzler-

Martin and Supplementary grading systems. Furthermore, our site is a high-volume center 

with dedicated experts who have collaborated as a team for decades, which might set a high 

surgical benchmark but lower the generalizability of our results. As important as these 

surgical results are in ARUBA’s aftermath, another trial is needed to re-establish the role of 

surgery in AVM management, this time conducted and embraced by the neurosurgical 

community.

We propose BARBADOS: Beyond ARUBA – Randomized trial, Best neurosurgeons, 

AVMs unruptured, Don’t embolize, Only low grades, and Surgical cures. The elements of 

the trial are obvious from the name, and efforts are ongoing to organize, fund, and initiate it. 

There is now urgency among neurosurgeons to respond to ARUBA, which we expect to 

increase the acceptance of such a trial. In the meantime, the management of ruptured AVMs 

should remain unaffected by ARUBA and surgery should remain a dominant therapy 

because of its ability to evacuate hematomas, relieve intracranial pressure, and work through 

hematoma cavities.

CONCLUSION

Surgery should be regarded as the first-line or “gold standard” therapy for the majority of 

low-grade AVMs, utilizing conservative embolization as a preoperative adjunct. High 

surgical cure rates and excellent functional outcomes in both ruptured and unruptured 

patients support a dominant surgical posture, with radiosurgery reserved for risky AVMs in 

deep, inaccessible, and highly eloquent locations. In the aftermath of ARUBA, additional 

randomized trials are needed to validate the role of surgical resection.
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Table 1

Baseline characteristics of patients with low-grade AVMs

Variable Unruptured AVM Ruptured AVM p Value* Total

Total no. of patients 112 120 232

Mean age at surgery ± SD (yrs) 39.4 ± 15.3 36.9 ± 18.4 0.16 38.1 ± 17

Females (%) 70 (63) 61 (51) 0.16 131 (56)

Presentation (%) Not tested

 Hemorrhage 0 120 (100) 120 (52)

 Seizure 37 (33) 0 37 (16)

 Headache 40 (36) 0 40 (17)

 Other 35 (31) 0 35 (15)

AVM location (%) 0.0014

 Frontal 49 (44) 29 (24) 78 (34)

 Parietooccipital 27 (24) 31 (26) 58 (25)

 Temporal 22 (20) 22 (18) 44 (19)

 Cerebellar 7 (6) 28 (33) 35 (15)

 Ventricular 2 (2) 6 (5) 8 (3)

 Deep 3 (3) 4 (3) 7 (3)

 Brainstem 1 (1) 0 1 (<1)

 Mixed† 1 (1) 0 1 (<1)

AVM side (%) 0.07

 Rt 59 (53) 57 (48) 116 (50)

 Lt 52 (46) 55 (46) 107 (46)

 Midline 1 (1) 8 (7) 9 (4)

Preop mRS score (%) <0.0001

 0 48 (43) 14 (12) 62 (27)

 1 45 (40) 16 (13) 61 (26)

 2 15 (13) 20 (17) 35 (15)

 3 4 (4) 26 (22) 30 (13)

 4 0 22 (18) 22 (9)

 5 0 22 (18) 22 (9)

Spetzler-Martin Grade (%) 0.56

 I 37 (33) 39 (33) 76 (33)

 II 75 (67) 81 (68) 156 (67)

Supplementary AVM Grade (%) <0.0001

 1 0 22 (18) 22 (9)

 2 11 (10) 35 (29) 46 (20)

 3 37 (33) 55 (46) 92 (40)

 4 59 (53) 8 (7) 67 (29)
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Variable Unruptured AVM Ruptured AVM p Value* Total

 5 5 (4) 0 5 (2)

Prior treatments (%) 61(54) 42 (35) 103 (44)

 Preop embolization 59 (53) 40 (33) 0.005 99 (43)

 Remote embolization 0 2 (2) 0.5 2 (1)

 Radiosurgery 3 (3) 1 (1) 0.1 4 (2)

*
Comparing unruptured and ruptured AVMs, an ANOVA was used for continuous variables, Fisher’s exact test for 2 × 2 contingency tables, and 

Pearson chi-square test for larger contingency tables. Bold values are statistically significant.

†
Refers to an AVM involving both the temporal and parietooccipital regions.
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Table 2

Surgical results with low-grade AVMs

Variable Unruptured AVM Ruptured AVM p Value Total

Total 112 120 232

Angiography outcome (%) 0.46

 Complete 106 (95) 112 (93) 218 94)

 Residual 0 (0) 0 (0) 0 (0)

 No study 6 (5) 8 (7) 14 (6)

Patients w/>30-day follow-up (%) 100 (89) 107 (89) Not tested 207 (89)

Mean duration of follow-up ± SD (yrs) 1.8 ± 2.1 1.6 ± 1.4 Not tested 1.7 ± 1.8

Median duration of last follow-up in yrs (range) 1.2 (0.1–12.8) 1.3 (0.1–6.3) Not tested 1.2 (0.1–12.8)

Functional outcome (mRS score)* 0.0008

 0–1 91 (91) 70 (65) 161 (78)

 2 6 (6) 25 (23) 31 (15)

 3 3 (3) 5 (5) 8 (4)

 4 0 (0) 2 (2) 2 (1)

 5 0 (0) 4 (4) 4 (2)

 6 0 (0) 1 (1) 1 (0)

Improved/unchanged 96 (96) 105 (98) 0.43 201 (97)

Worse 4 (4) 2 (2) 6 (3)

*
Only available in 207 patients.
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