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Abstract
Background and Objective: The goal of this study was to analyze the association of brain arteriovenous malformations 
(AVMs) location and its outcome after microsurgical excision. The relation of outcome using modified Ranklin Scale 
(mRS) at time of discharge, early and last follow ups with respect to location of AVM.
Methods: Demographic data, AVM characteristics, and treatment outcomes were evaluated in 47 bAVMs treated with 
microsurgery between November 2009 and April 2021. For this series, 47 patients were retrospectively reviewed. The mRS 
was used to assess functional outcome post-surgery with respect to its location
Outcomes: Forty-seven patients (32% female) and 68% male; average age 33.4 years) with brain AVMs were included 
in this review. Among the AVMs, the mean size was 5.5cm, 83% with hemorrhage, 63% with deep drainage, mean SM 
grade is 2.74. The non-eloquent AVM comprised of 25.5%. The most common eloquent location was language (36.2%), 
followed by sensorimotor (23.4%), visual 8.5% and coordination 6.4%. Motor mapping was done in all cases of brain AVM 
with sensorimotor eloquence. There was no statically significant difference in the baseline patient and AVM characteristics 
among different subtypes of eloquence. Favorable outcome (mRS 0-2) was seen on both eloquent (100% in visual) and 
non-eloquent AVMs. Age and AVM size were significant predictor for good overall outcome in last follow-up.
Conclusion: Although the sample size of this study is a limitation, the result of our case series demonstrated excellent 
surgical outcome for visual eloquence, good outcome in sensorimotor and language eloquence. Coordination eloquence 
had worse overall outcome.
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Introduction

The location of brain AVM plays key role in the 
neurological outcome of the patient after surgical 

resection. Grading schemes are used to predict the 
associated risk, when surgery is planned. Among the 
factors used in grading system, location is one of the 
major components. The most frequently used prediction 
model is Spetzler-Martin (S-M) grading system which 
grades AVMs on a scale from 1 to 5 based on size, venous 
drainage, and eloquence. 1

The grading system does not differentiate the 
location type, therefore patient with language eloquence 
will receive same grading as with motor strip eloquence 
which gives variable impact on overall neurological 
outcome after surgical resection.  In fact, the Spetzler-
Martin grading system gives eloquent location a negative 
prognostic value in the overall predictive score. This 
underscores the challenges of achieving a favorable 
outcome with resection for an AVM located in eloquent 
regions of the brain. As reported earlier, the results of 
microsurgical resection of AVMs located in eloquent 
locations of the brain are associated with morbidity and 
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significant functional disability. 2, 3 There are some reports 
in the lesion-to-eloquence distance (LED) 4, 5 but a study 
assessing the risk of resection in specific eloquence types 
is lacking. 

The purpose of our study was to describe the effect 
of microsurgical resection on the clinical outcomes of 
a cohort of patients with AVMs. We also evaluated the 
effect of eloquent cortex on the outcome of surgically 
treated AVMs compared with those in noneloquent cortex 
locations. 

Materials and Methods

This was a retrospective study conducted in 
our institutes (Bir, Dhirgayu, Mediciti Hospitals) in 
Kathmandu, Nepal from 2009 -2021 April including 
47 patients who underwent microsurgical resection of 
brain AVM.  This study was approved by Nepal Health 
Research Council (NHRC) following an authorization 
from the Institutional review committee (IRC); IRC-
RP-2077/78-0029 and was conducted in accordance with 
the institutional ethics guidelines.  The Nepal Mediciti 
Hospital brain AVM study group database is a prospectively 
collected database containing demographics, clinical and 
radiological information. We also had hard copies of 
patient profiles and follow-ups in brain AVM Performa 
collection. To identifiy patients with brain AVMs treated 
by microsurgical resection at our institute between 2009 
and 2021 April, the profoma was used.  All patients with 
intracerebral AVM and treated with microsurgery were 
included in the study.  Brain AVM was categorized by 
Spetzler Martin Grading system (SMG) and Supplemented 
SMG. Diagnosis and surgical planning in all patients were 
based on brain MRI, CT angiography and for large and 
complex AVM, Digital Subtraction Angiogram (DSA). 
Intraoperative ICG, Doppler and Neurophysiological 
monitoring were routinely used in all cases. 

Clinical follow-up was performed at 1 week, 1, 3 to 
6 months post hospital discharge and at annual intervals 
thereafter. Post-operative cerebral angiogram after 1 week 
prior to discharge was routinely performed and follow-up 
CT angiogram whenever required or necessary.  Exclusion 
criteria included evidence of operated for other vascular 
malformations like cavernoma, venous angioma, body 
AVM or any treatment without microsurgical resection of 
AVM.  All AVM cases were diagnosed based on magnetic 
resonance imaging, computed tomography angiogram 
and DSA in complex large cases. The AVM location 
was categorized into eloquent and non-eloquent location 
where eloquence was further divided intThe relation of 
different variables were analyzed with location of the 
AVM (Eloquent and non-eloquent). The association of 
the location of AVM was studies and was analyzed with 
dichotomized modified Ranklino sensorimotor, visual, 

language and coordination. Scale (mRS) favorable mRS 
(0-2) and non-favorable mRS (>2) to find out the outcome 
at time of discharge and at last follow-up (minimum being 
3 months). 

Statistical analysis

IBM SPSS Statistics 20 was used for statistical 
analysis. Independent- samples t test was used to test 
significance of association. A subtype analysis was 
performed by comparison of different variables with non-
eloquent and eloquent (sensorimotor, visual, language and 
coordination).  Statistical significance was defined as a 
value of P<05. Univariate analysis was performed to assess 
the associations of AVM location with postoperative mRS 
score as good and poor outcomes. We used chi-square 
to assess differences between groups for categorical 
characteristics in univariate analyses of factors affecting 
postoperative mRS.

Results

From 2009 to 2021 April, 47 bAVMs patients were 
treated with microsurgical resection. 

One of the example cases is illustrated in Figures 
1A-E of left frontal AVM which had mRS score of 0 on 
6 months follow‐up and in Figure 2A-H of left occipital 
AVM with mRS score of 0 on 6 months follow-up. 
Baseline demographics, clinical presentation, and AVM 
characteristics are presented in Table 1. The mean age 
at presentation was 33.4 years, there were 15 females 
(32%) and 32 males (68%). The most AVM were in 
eloquent location i.e. 74.5% among which 23.4% in 
Sensori motor, 8.5% in visual, 36.2% in language and 
6.4% in coordination. 25.5% AVM was in non-eloquent 
area. 63.8%% of AVM had deep venous drainage.  Most 
of the AVM were 3-6cm (61.7%), 23.4% were more than 
6cm and 14.9% were less than 3cm.  SM grading was 
distributed accordingly: 1 grade 1 (2.1%), 20 grade 2 
(46.8%), 13 grade 3 (29.8%), 7 grade 4 (17%) and 2 grade 
5 bAVMs (4.3%).  Supplemented SM grading was also 
distributed as: 1 grade 2 (2.1%), 5 grade 3 (10.6%), 11 
grade 4 (25.5%), 14 grade 5 (31.9%), 4 grade 6 (10.6%), 
6 grade 7 (14.9%) and 2 grade 8 (4.3%). The minimum 
follow-up period was 3months.  

There was no statistically significant difference in 
the baseline patient and AVM characteristics among the 
different subtypes of eloquence (Table 2). Mean SM grade 
was highest in sensorimotor eloquence (p-value-0.017). 
Associated aneurysm was in 0% in non-eloquent, 18.2% 
in sensori-motor, 25% in visual eloquence, 41% in 
language eloquence and 33.3% in coordination eloquence. 
Complication was also highest in sensorimotor eloquence 
(81%) with borderline significance (p-value-0.076).  
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Non Eloquent location is not associated with aneurysm 
whereas eloquent location are  mostly associated with 
aneurysms. This associated can explain the high rate 
of hemorrhage in eloquent location (100% in visual, 
88.2% in language, 72.7% in sensorimotor and 66.7% 
in coordination). We found that both sensorimotor and 
language eloquence have associations with poor outcome 
in comparison to visual eloquence Figure 3A, B.  100% 
visual eloquent AVM had hemorrhage with surprising 
100% favorable outcome (mRS 0-2), overall unfavorable 
outcome was seen 3 times higher in eloquent location 
(p-value- 0.353) when compared to non-eloquent location 
Figure 3B, C.

In univariant analysis (Table 3), among the patients 
with visual eloquence, 100% had favorable outcome after 
surgical excision of brain AVM in comparison to 81.8% of 
those with sensorimotor eloquence, 76.5% of those with 
language eloquence and 66.7% of those with coordination 
eloquence. 91.7% of non-eloquent brain AVM had 
favorable outcome. Therefore, favorable outcomes were 
seen in both eloquent and non-eloquent AVMs, where 
unfavorable outcome was seen almost 3 times higher in 
eloquent location with borderline significance (p-value- 
0.353).

The Chi-square test (Table-4) identified age (p-value 
< 0.030) and AVM size (p value < 0.000) as a significant 
predictor for the good overall outcome in last follow-up.

Figure 1: Left frontal AVM of SMG V and Supplemented SMG 7
A. Plain Computed Tomography scan showing evidence of calcified lesion on left frontal lobe with hyper-density in 

ventricle showing intraventricular hemorrhage.
B. Computed Tomography Angiogram sagittal view with intravenous contrast showing large left frontal AVM with 

feeders from left Middle cerebral artery, anterior cerebral artery, internal carotid artery and draining into vein of Galen 
to straight sinus. 

C. 3D reconstruction of Computed Tomography Angiogram axial view with intravenous contrast showing larger left 
frontal AVM.

D. Post-operative 3D reconstruction of Computed Tomography Angiogram axial view with intravenous contrast showing 
complete excision of AVM with normal cerebral vessels and two aneurysm clips in anterior circulation.

E. Post-operative plain Computed Tomography scan showing complete excision of left frontal AVM with cranial defect 
over left fronto-temporal and part of right frontal bone. 
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Figure 2: Left occipital AVM of SMG 
A. Plain Computed Tomography scan showing evidence of calcified lesion on left occipital hemorrhage with hyperdense 

calcified area.
B. Plain Computed Tomography scan showing evidence of calcified lesion on left occipital hemorrhage with hyperdense 

calcified area and occipito-parietal edema.
C. Digital subtraction angiogram with left vertebral artery dye injection, anterior-posterior view showing AVM with 

occipital branche of posterior cerebral artery as a feeder and draining into left transverse sinus.
D. Digital subtraction angiogram lateral view showing AVM with feeder from posterior cerebral artery branche and 

draining into left transverse sinus.
E. Digital subtraction angiogram with left vertebral artery dye injection, anterior-posterior view showing AVM with 

occipital branch of posterior cerebral artery as a feeder and evidence of transverse sinus filling.
F. Post AVM excision 3D Computed Tomography angiogram axial view showing complete excision of AVM with 

evidence of one aneurysm clip at occipital region.
G. Post AVM excision 3D Computed Tomography angiogram coronal view showing complete excision of AVM.
H. Post-operative plain Computed Tomography scan showing complete excision of left occipital AVM.
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Figure 3: Bar-diagrams
A. The bar diagram showing comparision of non eloquence and eloquence subtype in relation to different variables.
B. The bar-diagram showing comparision of outcomes in non eloquence and eloquence subtype in relation to Follow-up 

Modified Ranklin Scale.
C. The bar diagram showing pre and post surgery outcomes in relation to location of AVM where favorable outcomes 

were seen on last follow-up in both eloquent and non eloquent AVMs.

Table 1: Baseline patient and AVM characteristics
Variable No. Standard deviation

No. of patients 47
Mean age in yrs. 33.4 Std. Dev. 18.7
Age group
<20 15 (32.0)
20-40 16 (34.0)
>40 16 (34.0)
Sex
F 15 (32.0)
M 32 (68.0)
Mean AVM Size (cm) 5.5 Std. Dev. 3.3
AVM size
<3 cm 7 (14.9)
3-6 cm 29 (61.7)
>6 cm 11 (23.4)
Hemorrhage 39 (83.0)
Deep drainage 30 (63.8)
Mean SM grade 2.74 Std. Dev. 0.9
SM grade
I 1 (2.1)
II 22 (46.8)
III 14 (29.8)
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IV 8 (17.0)
V 2 (4.3)
Mean supplemented grade 5 Std. Dev. 1.4
Supplemented grade
2 1 (2.1)
3 5 (10.6)
4 12 (25.5)
5 15 (31.9)
6 5 (10.6)
7 7 (14.9)
8 2 (4.3)

AVM location/ eloquence
Non-eloquence 12 (25.5)
Sensori motor 11 (23.4)
Visual 4 (8.5)
Language 17 (36.2)
Coordination 3 (6.4)
Values are expressed as the mean and standard deviation or as the number of patients (%)

Table 2: Comparison of non-eloquence and eloquence subtype with different variables

Variable
Non eloquent Eloquent 

Visual (n=4) Language 
(n=17)

Coordination 
(n=3) p ValueNon-eloquence 

(n=12)
Sensori motor 

(n=11)
Age (Mean yrs.) 40.8 27.8 20.5 34.5 35.7 0.308
Male sex (%) 75.0 63.6 25.0 70.6 100.0 0.264
Mean AVM Size (cm) 4.3 5.1 7.3 6.5 3.5 0.217
Deep drainage (%) 33.3 27.3 25.0 41.2 66.7 0.731
Hemorrhage (%) 83.3 72.7 100.0 88.2 66.7 0.638
Mean SM grade 2.3 3.5 2.3 2.8 2.7 0.017
Mean supplemental 
grade 4.6 5.7 3.8 5.0 5.7 0.095

Perforators (%) 16.7 54.5 25.0 35.3 0.0 0.243
Aneurysm (%) 0.0 18.2 25.0 41.2 33.3 0.136
Complication (%) 75.0 81.8 25.0 41.2 33.3 0.076

Table 3: Comparison of outcomes in location subtype in relation to Follow-up mRS

On last follow-up
Poor outcome (MRS >=3) p-Value

AVM Eloquence Good outcome (mRS score 0-2)
Non-Eloquent 28.2 12.5 0.353
Eloquent 71.8 87.5

On last follow-up
Eloquence subtype, no. (%) Good Outcome (mRS Score 0-2) Poor Outcome (mRS Score >=3) p Value
Non-eloquent 11 (91.7) 1 (8.3) 0.636
Sensori motor 9 (81.8) 2 (18.2)
Visual 4 (100.0) 0 (0.0)
Language 13 (76.5) 4 (23.5)
Coordination 2 (66.7) 1 (33.3)
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Table 4: Chi-square test of variables associated with last 
follow-up

Variable Associated with last 
follow-up, P value a

Sex 0.287
5-yr age group 0.030
Caste/ethnicity 0.672
AVM size (cm) 0.000
Eloquence location 0.666
Perforators 0.477
Deep veins 0.396
Hemorrhage 0.946
Aneurysm 0.437
Spetzler-Martin grade 0.948
Supplemented SMG 0.975
aP values are derived from a Chi-square test.

Discussion

Microsurgical resection of brain AVM is an 
established treatment in the management of arteriovenous 
malformation of the brain. 1-6 The goal is to completely 
obliterate the AVM with minimal side effects, thus, 
reducing the risk of temporary or permanent deficit. 
The ARUBA (A Randomised Trial of Unruptured Brain 
Arteriovenous Malformations) results indicated that 
medical management was superior to intervention in 
unruptured AVMs, with stroke and death as the primary 
endpoints. 5 The Spetzler-Martin surgical grading system 
classifies critical (or eloquent) brain location (including 
sensorimotor cortex) as a significant risk for poorer 
outcome after AVM resection. 1 

Given the natural history of the AVM rupture risk of 
4%–5% for untreated lesions and the postresection risk of 
0%–0.6%, microsurgical resection is arguably the most 
optimal treatment strategy for selected patients. 7

Previous report suggest that preservation of a good 
functional status posttreatment is highest in surgically 
treated groups. 7, 8 Even though, microsurgery is 
considered optimal treatment for AVM, AVM located in 
eloquent location is associated with significant morbidity 
after surgery. 9, 10 Schaller and Schramm 11 reported a 
6.1% rate of permanent, significant neurological deficits 
after microsurgical removal of small AVMs (Spetzler- 
Martin Grades I–III) in eloquent regions. Central or 
deep AVMs (Basal ganglia, Thalamus, Insula) account 
for around 3–13% of all intracranial AVMs. 12, 13 Higher 
risk of neurological complications (4%) is reported 
after microsurgery of deep seated and eloquent AVM in 
pediatric patients, these complications were reported as 
high as 28.5%. 14, 15 O’ Laoire et al., 16 reported 11% severe 
disability and 5% mortality. Kunc 17 reported 61% reduced 

capacity to work and 11% disability rate. Heros et al., 18 
reported 7.8% morbidity and 0.6% mortality rates.  Some 
reports show that even in deep brain AVM microsurgery is 
best suited treatment, such as, Potts MB et al 12, reported 
48 patients with deep AVM where AVM resection was 
complete in 34 patients (71%) and incomplete in 14 
patients (29%).  Likewise, temporal locations of an 
AVM were concluded to be a risk factor for bleeding 
by Crawford et al 19, in a large series of 216 nontreated 
cases. The depth of the malformation was not a significant 
factor in the same study, but deep-seated AVMs made up 
only 7% of the total group. Another study reported 100% 
obliteration rate of pediatric AVM located in Rolandic 
area after microsurgical resection with neurological deficit 
in 2 patients out of 23 patients. 20 

Higher rate of complication after surgical resection 
of eloquent AVM may be due to motor or language 
function shift in the presence of an AVM from its anatomic 
location to an adjacent gyrus or even to the contralateral 
hemisphere. 21, 22 This explains higher complication rate 
in sensorimotor eloquence (81%) compared to other 
eloquent areas in our study (Borderline significance- 
0.076).  Furthermore, the higher complication rate could 
also be due to highest mean SM grade in Sensorimotor 
eloquence (p-value- 0.017) in our studies. 

In pediatric patient increased surgical tolerance and 
better recovery may be due to increased brain plasticity, a 
more aggressive microsurgical management than in adult 
bAVM. 14 Likewise in our study, Chi square test identified 
age (p value < 0.030) as a significant predictor for the 
good overall outcome in last follow-up. On the other 
hand, in older patients, surgical intervention is probably 
ineffective in terms of functional recovery, and because of 
the shorter life expectancy of this group, the cumulative 
risk of bleeding is considerably lower. 23

Despite the immediate therapeutic benefits of 
curative resection, there are conflicting data on the role 
of microsurgery for AVM lesions within eloquent cortex. 
For such lesions, radiosurgery has been recommended 
as an alternative treatment approach to decrease the 
likelihood of postoperative complications. 24-27 Previous 
study compared results of radiation therapy in eloquent vs 
at other intracranial locations.  The obliteration rate was 
74%, higher incidence of symptomatic radiation changes 
(15% vs. 5%) and higher incidence of hemorrhage 
in the period of latency (9.4% vs. 3%) were noted in 
patients with central AVMs. 28 Flickinger et al. in their 
risk prediction model predicted a very high incidence 
of symptomatic permanent post-radiosurgery injury 
in patients with central AVMs ranging from 8–92% 
depending on the volume (2–40 cm3) of AVM compared 
to 0–40% in patients with AVMs at other locations. 29 
Moreover, there are potential long-term radiation-related 
complications, including malignancy and developmental 
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delay. 30-32 Regarding radiosurgery, an overall occlusion 
rate of 64% has been reported. When only large and deep-
seated lesions are considered, occlusion rates can fall as 
low as 32%. We should also consider that the annual risk 
of bleeding after radiosurgery, which is reported to be 
2.2%; on the other hand, the risk of death as a result of 
hemorrhage has been reported to be between 0.6% and 
1.3%. In large clinical series study, radiosurgery did not 
improve patients` performance and in fact resulted in new 
or worsened neurological symptoms in approximately 
11%. 33, 34

Therefore, radiosurgery for AVM in eloquent areas 
like motor cortex, there are pitfalls of such intervention, 
moreover, our results along with other studies indicate 
that surgical resection of critical location AVM can result 
in complete obliteration without significant reoccurrence 
and complications. 23

The hemorrhagic risk of AVM is as high as 6% to 7% 
in the first year after clinical presentation with hemorrhage. 
35, 36 Morbidity after AVM rupture is as high as 53% to 81% 
35, whereas mortality after initial rupture is 10% to 17.6%. 
35, 37, 38 Regarding function, Hartmann et al 39 demonstrated 
that 16% of patients were moderately or severely disabled 
after hemorrhage, which is greater than the treatment- 
related morbidity in most modern series.  Whereas in our 
series even though AVM in visual eloquence had 100% 
hemorrhage, the post-surgical outcome was also 100% 
favorable. As previous reports, the main advantage of 
surgical treatment over other modalities is that patient 
exposure to the risk of bleeding is minimized immediately 
after the procedure. 40

AVM resection with preoperative adjuncts such 
as angiography, and neurophysiological monitoring 
would enable effective obliteration of the AVM lesion 
with limited neurological morbidity. The intraoperative 
electrophysiological monitoring of SEPs and MEPs 
represents a critical additional tool for surgeons. 23 The 
findings of previous reports, suggest that more extensive 
functional imaging and/or tractography will be necessary 
to refine eloquence beyond what can be done with 
angiography and MRI. 41

Even though, our study did not use functional imaging 
or tractography due to its unavailability, our results 
indicate that the resection of AVMs within eloquent cortex 
is feasible with operative adjuncts and provides treatment 
benefits of immediate AVM obliteration with long-term 
cure rates. 

We hypothesized that sensorimotor eloquence would 
have a greater association with poor outcome than the other 
eloquence subtypes. We found that both sensorimotor and 
language eloquence have associations with poor outcome 
in comparison to visual eloquence. Non Eloquent location 
is not associated with aneurysm whereas eloquent location 
are  mostly associated with aneurysms. This associated 

can explain the high rate of hemorrhage in eloquent 
location (100% in visual, 88.2% in language, 72.7% in 
sensorimotor and 66.7% in coordination). Although, 100% 
visual eloquent AVM had hemorrhage with surprising 
100% favorable outcome (mRS 0-2), overall unfavorable 
outcome was seen 3 times higher in eloquent location 
(p-value- 0.353) when compared to non-eloquent location. 
As described earlier by Hartmann et al, 39 moderate to 
severe disability was related to associated hemorrhage 
rather than morbidity related to treatment, which explains 
our finding on higher rate of unfavorable outcome and 
associated hemorrhage in eloquent location. Our results 
regarding coordination eloquence are likely difficult to 
interpret given the small number of patients and higher 
rate of complications in this subgroup.

Limitation of the study 

Limitations of this study included that it was a 
retrospective design and sample size was small so results 
of comparative analysis of subgroups should be considered 
cautiously and may not be appropriate to generalize in 
clinical practice.  Further clinical studies with large cohorts 
are needed to support our findings. The eloquence based 
on anatomical location may be flawed methodologically. 
For instance, it has been shown that eloquence can shift 
or translocate in the presence of AVMs and the distance 
from the AVM to eloquence may be the more important 
factor. 42, 43 The functional MRI or DTI, Neuronavigation, 
Stimulated Cortical mapping were not performed due to 
its unavailability.

Conclusion

Surgical resection of AVMs in eloquent areas can 
be considered a safe option. The result of our case series 
demonstrated excellent surgical outcome for visual 
eloquence, good outcome in sensorimotor and language 
eloquence. The outcome might be due to high association 
with AVM hemorrhage rather than treatment related 
morbidity. Coordination eloquence had worse overall 
outcome. Overall, our data suggests good outcome post-
surgery but there is a need of prospective, multicentric 
data to better identify patients who may benefit most from 
microsurgical treatment alone.
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