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Abstract
Background The location of brain arteriovenous malformations (bAVM) is one of the most relevant prognostic factors 
included in surgical, endovascular and radiosurgical scores. However, their characteristics according to location are sel-
dom described. The goal of this study was to describe the clinical and angiographic characteristics of bAVM classified 
according to their location.
Methods This retrospective observational study included patients diagnosed with bAVM and attending a national referral 
hospital during the period 2010–2020. Data regarding clinical and angiographic variables were extracted, including charac-
teristics on nidus, arterial afferents, venous drainage and associated aneurysms. BAVM were classified in 8 groups according 
to their location: frontal, temporal, parieto-occipital, periventricular, deep, cerebellar, brainstem and mixed. Data distribution 
for each group was determined and between-group differences were assessed.
Results A total of 269 bAVM (in 258 patients) were included. The most frequent location was parieto-occipital; and the least 
frequent, brainstem. Statistically significant differences were observed between groups for most studied variables, including: 
clinical presentation, functional status at admission; nidus size and density, classification according to the Spetzler-Martin, 
Buffalo and modified Pollock-Flickinger scales; number, diameter, origin and type of afferents; number, diameter, type and 
direction of venous drainage, retrograde venous flow; and presence and size of flow-related aneurysms.
Conclusion The clinical and angiographic differences observed between brain AVM groups allow the formulation of profiles 
according to their location.

Keywords Intracranial arteriovenous malformations · Intracranial aneurysm · Intracranial hemorrhages · Cerebral 
angiography · Observational study

Abbreviations
bAVM  Brain arteriovenous malformation
AA  Associated aneurysm
PAR  Pittsburg AVM Radiosurgery score
ECA  External carotid artery
IQR  Interquartile range
mRS  Modified Rankin scale
SD  Standard deviation
SSS  Superior sagittal sinus
CS  Cavernous sinus

TS/SG  Transverse/sigmoid sinus
SS  Straight sinus

Introduction

Brain arteriovenous malformation (bAVM) is a rare neu-
rovascular pathology, with annual incidence estimated to 
range between 0.69 and 1.32 per 100000 [21]. However, 
it is regarded as the main cause of hemorrhagic stroke in 
young adults [33]. This entity is defined by arteriovenous 
shunts with an intermediating zone of abnormal vascular 
tissue known as nidus [12]. The heterogeneity in clinical and 
angiographic characteristics and the diversity of therapeutic 
modalities still cause controversies regarding their manage-
ment [5]. One of the most relevant prognostic factors for 
the management of this pathology is location, which is one 
of the variables most frequently included in surgical [9], 
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endovascular and radiosurgical [32] classification schemes. 
Nevertheless, clinical and angiographic differences accord-
ing to location are rarely described. Besides, studies on 
bAVM in the Latin population are scarce, with few data 
available for decision making regarding their management. 
The objective of this study was to describe the clinical and 
angiographic characteristics of bAVM according to location 
in a national Peruvian referral hospital.

Methods and materials

Study design and population

This was a retrospective descriptive observational study 
which included patients with diagnosis of bAVM who 
attended to Hospital Nacional Daniel Alcides Carrión (Cal-
lao, Peru) during the period from January 2010 to Decem-
ber 2020. Eligibility criteria were: 1) catheter angiography-
confirmed diagnosis of bAVM, and 2) availability of clinical 
and imagenological records for retrospective review. Patients 
were included regardless of age and sex. Included cases were 
grouped in 8 classes according to bAVM location [14]: fron-
tal, temporal, parieto-occipital, periventricular, deep, cer-
ebellar, brainstem and mixed.

Data extraction

Data was extracted independently by two authors (JBF 
and JAM) and posteriorly merged into a database. Clinical 
(clinical variables) and imagenological (angiographic vari-
ables) records were checked. Clinical variables included: 
age, sex, clinical presentation and functional status (accord-
ing to the modified Rankin scale-mRS [35]) at admission. 
Angiographic variables included features of nidus, feeders 
and draining veins such as location, volume, compactness 
[7], number, diameter and origin/end. Data on the character-
istics of associated intracranial aneurysms (AA) were also 
extracted, including type [6], location, shape and size. Given 
the descriptive nature of this study, no outcome variables 
were assessed.

Statistical analysis

Data on categorical variables were summarized in frequency 
tables. Data on continuous variables were summarized with 
central-tendency measures according to their categorical dis-
tribution. Stratification according to bAVM location [14] 
was performed. Statistical analyses for between-group dif-
ferences were performed with the epiDisplay package for 
R-software v4.2.1 [25].

Ethical considerations

In accordance with the requirements of the Helsinki Dec-
laration [36], the study protocol was approved by the insti-
tutional review board. Given the observational and retro-
spective study design, the need for informed consent was 
waived. Data was anonymized by the use of clinical record 
numbers as identifiers. A unique database was elaborated, 
to which only the authors had access.

Results

Study population

During the study period, a total of 308 patients registered 
with diagnosis of bAVM had available clinical records. 
Among those patients, a total of 258 (with 269 bAVM) 
had imagenological archive available for revision and 
were included in the study. Most of the continuous vari-
ables assessed did not show normal distribution, which 
was anticipated given that variables such as age, nidus 
size, number of feeders and draining veins, are expected 
to be skewed to lower values within their ranges in a popu-
lation of bAVM patients. The median age was 28 years, 
with 39 (15.1%) pediatric patients (< 18 years old), 132 
(51.2%) males, 174 (67.4%) with favorable functional sta-
tus at admission, and 10 (3.9%) bearing multiple bAVM (9 
patients with 2 nidi, 1 patient with 3 nidi). The most fre-
quent location was parieto-occipital (26.0%); and the least 
frequent, brainstem (1.5%). The most frequent subtypes for 
each location group were lateral frontal (10.8%), sylvian 
temporal (4.1%), lateral parieto-occipital (11.2%), basal 
ganglial (deep) (5.2%), callosal periventricular (2.6%), 
vermian cerebellar (4.1%), posterior mesencephalic (brain-
stem) (1.5%) and frontoparietal (mixed) (3.3%) (Fig. 1). 
Detailed data regarding proportions of location subtypes 
is provided in the Supplementary information (Online 
Resource 1).

Clinical characteristics

The clinical characteristics of bAVM according to location 
are detailed in Table 1. The main clinical presentation was 
bleeding (63.9%), with 158 (58.7%) ruptured nidi and 14 
(5.2%) ruptured AA. Presentation with seizures without his-
tory of bleeding occurred in 54 (20.1%) cases. Other clinical 
manifestations related to the bAVM such as vascular steal, 
cranial nerve neuralgia and non-communicating hydrocepha-
lus occurred in 11 (4.1%) cases. The diagnosis was inci-
dental in 32 (11.9%) cases. Periventricular and cerebellar 
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locations almost exclusively presented with bleeding, mostly 
originated from bAVM nidi.

Angiographic characteristics

The median maximum diameter and volume were 28.5 mm 
and 4.9 mL, respectively. Eloquent location was observed 
in 144 (53.5%) cases. Nidi were described as compact in 
123 (45.7%) cases. Most bAVM were low-grade (Spetzler-
Martin [29] I and II) (48.7%). Among intermediate-grade 
bAVM (Spetzler-Martin III), most showed low to intermedi-
ate scores in the supplemented classification (≤ 6) [15]. Most 
bAVM had also a favorable class according to the Buffalo 
[4] score (75.2%) and a median score of 1.4 in the modified 
Pittsburg AVM Radiosurgery (PAR) score [23]. Temporal 

location showed the most favorable profile for the Spetzler-
Martin and Buffalo classifications (Table 2). Other favorable 
locations were cerebellar and parieto-occipital. Periventricu-
lar location showed the most favorable profile for the modi-
fied PAR score.

The median number of feeders was 3, with a mean diam-
eter of 1.3 ± 0.5 mm. The origin of feeders from anterior and 
posterior circulation was according to the bAVM location. 
Feeders from external carotid artery (ECA) were observed 
in 7.4% of bAVM, mainly corresponding to mixed location 
(Table 3). Terminal, perforating, choroidal and en passage 
feeders were observed in 79.3%, 24.8%, 12.2% and 31.9% 
of bAVM, with perforating and choroidal feeders being the 
most frequent type in deep and periventricular locations, 
respectively.

Fig. 1  Most frequent locations of brain arteriovenous malformations 
(bAVM). A Frontal bAVM, lateral subtype. B Temporal bAVM, syl-
vian subtype. C Parieto-occipital bAVM, lateral subtype. D Perive-
ntricular bAVM, callosal subtype, despite the small nidus size, is 
associated with an intracerebral hematoma of considerable volume 
(inserted image). E Deep bAVM, basal ganglia subtype, with asso-
ciated distal flow-related aneurysm. F Cerebellar bAVM, vermian 

subtype, with associated distal flow-related aneurysm. G Brainstem 
bAVM, posterior mesencephalic subtype, with prominent draining 
vein. H Mixed bAVM, frontoparietal location, with feeder from exter-
nal carotid artery I and proximal flow-related aneurysm at middle 
cerebral artery bifurcation (inserted image). The component parts of 
bAVM are pointed by the same symbols: feeder ( →), draining vein 
(►) and associated aneurysm (∆)
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The median number and average diameter of draining 
veins were 1 and 2.9 mm, respectively. The higher number 
and larger average draining veins diameters were observed in 
mixed and brainstem locations, respectively (Table 4). The 
highest proportion of retrograde venous flow was observed 
also for these locations. The venous drainage type (superfi-
cial, deep and mixed) was according to the bAVM location. 
Locations with the highest proportion of drainage to supe-
rior sagittal, cavernous, transverse & sigmoid and straight 
sinuses were mixed, temporal, temporal and periventricular/
brainstem, respectively.

A total of 206 intracranial aneurysms were observed 
in 111 bAVM. Mixed location showed the highest mean 
number of AA per bAVM (21/7); and temporal location, 
the lowest mean number (14/12). Unrelated AA (type I), 
flow-related AA (type II) and intranidal AA (type III) were 
observed in 22 (19.8%), 70 (63.1%) and 40 (36%) cases 
among bAVM with AA (Table 5). Most flow-related AA 
had saccular shape, present in 69/70 (98.6%) of bAVM with 
flow-related AA. The median size of both flow-related and 
intranidal AA was 4 mm. Proximal (type IIa) and distal 
(type IIb) flow-related AA were observed in 35 (50%) and 
50 (71.4%) cases of bAVM with type II AA. Mixed location 
showed the highest proportion and size of proximal flow-
related AA.

Discussion

The results of this study show that most variables assessed 
display statistically significant differences according to 
bAVM location, which allowed the formulation of profiles. 
Although detailed angiographic descriptions for every loca-
tion are scarce in the literature, several similarities and dif-
ferences from other series can be featured.

Superficial supratentorial locations

Most of the observed differences in clinical features accord-
ing to location are similar to those reported in the literature. 
Frontal bAVM presented most frequently with seizures. 
This clinical presentation has been observed more fre-
quently in cortical locations, mainly frontal and temporal 
[3], predominance of frontal location expectable given the 
involvement of the primary motor cortex. Temporal bAVM 
showed the highest proportion of low-risk cases according 
to the Spetzler-Martin and Buffalo classification schemes. 
This predominance of low-risk lesions has been reported 
previously [8]. Besides, our series showed that temporal 
bAVM were most frequently of lateral subtype, with small 
nidi and feeders mainly from anterior circulation (middle 
cerebral artery) and low Spetzler-Martin grade, similarly to 
other reported series [8]. Parieto-occipital bAVM showed Ta
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the highest proportions of favorable functional status at 
admission and compact nidus. No previous reports about 
these features have been found. Furthermore, parietal and 
occipital locations are rarely reported jointly. Most reports 
focus on the occipital region, presumably due to the risk for 
the visual pathway. For the subgroup of occipital bAVM, dif-
fering characteristics from our parieto-occipital group have 
been reported, including larger size, more frequent eloquent 
location and deep venous drainage, and higher proportion of 
high Spetzler-Martin grade [37].

Deep supratentorial locations

Periventricular bAVM most frequently presented with 
bleeding from ruptured nidus, despite having the smallest 
size and narrowest feeders, mostly of choroidal type, with 
venous drainage least frequently showing retrograde flow, 
and absent proximal flow-related AA. Ruptured presentation 
is more frequently reported for deep and infratentorial loca-
tions [13], similar to what was observed in this study, with 
the highest proportions for periventricular, cerebellar and 
deep locations. Although there are reports of periventricular 
bAVM of intermediate size (> 2 cm) and more frequent tem-
poral horn location [18], it is likely that this series involved 
cases of deep bAVM with ventricular extension. More recent 
series [20] show smaller sizes (< 2 cm), but more frequent 
location in III ventricle, with higher frequency of feeders 
from posterior circulation and superficial venous drainage, 
compared to our series. Deep bAVM showed the narrow-
est feeders, mostly of perforating type, with the smallest 
proximal flow-related AA. Previous reports [24] found pre-
dominance of the insular subtype, while in our series, tha-
lamic subtype was predominant. Differences regarding nidus 
compactness were also observed, with compact type much 
less frequent in our series. Similarities between these series 
include smaller size, higher eloquent location and venous 
drainage predominately deep. No previous descriptions of 
flow-related AA for periventricular and deep locations have 
been found.

Infratentorial locations

Cerebellar bAVM showed the highest proportion of pres-
entation with bleeding, as well as the narrowest draining 
veins. Regarding the flow-related AA, cerebellar bAVM 
showed the highest proportion of the distal type, but absence 
of the proximal type. The high frequency of ruptured pres-
entation and AA has been previously reported for posterior 
fossa bAVM [17], which are mainly of cerebellar location. 
However, our series showed lower frequency of eloquent 
location, lower proportion of compact nidi and higher pro-
portion of superficial venous drainage compared to other 
cerebellar bAVM series [26]. The proportion of eloquent 

region involvement was variable in the literature, with some 
series [19, 34] reporting values closer to that observed in 
our series. No previous descriptions on angiographic fea-
tures of draining veins were found for cerebellar bAVM. 
Brainstem bAVM mostly presented with unfavorable func-
tional status, with the highest proportion of high-risk cases 
according to the Buffalo classification scheme. This group 
showed a relatively high number of feeders, with the highest 
proportion of en passage type, the widest draining veins, and 
absence of proximal flow-related AA. Presentation mostly 
with unfavorable status has been reported in other series 
[10], but classifications other than Spetzler-Martin have not 
been used. Brainstem bAVM were more frequently located 
in the mesencephalon, generally presented with bleeding, 
had small nidi and venous drainage predominately deep [16], 
characteristics that have also been observed in our series. All 
brainstem bAVM in our series were located in the mesen-
cephalon, and showed higher number of feeders with inter-
mediate nidus size, similar to other published series [2], but 
also a higher proportion of diffuse/mixed nidi and superficial 
venous drainage, which differs from surgical series [10], but 
is similar to series with multi-modality management [1]. 
Notably, no proximal flow-related AA were observed for any 
infratentorial bAVM in our series. Previous descriptions on 
types of AA for this region were not found.

Mixed locations

Mixed bAVM showed the highest proportion of presenta-
tion with ruptured AA and the lowest for ruptured nidus, 
the largest size and the lowest proportion of compact nidi. 
The highest proportions of high-risk cases according to the 
Spetzler-Martin and modified PAR classification schemes 
were observed. Mixed locations showed also the high-
est number of feeders and draining veins, with the largest 
diameters of feeders, the highest proportion of feeders from 
ECA and en passage type, the highest proportion of draining 
veins with retrograde flow and the highest number and larg-
est size of proximal flow-related AA. The group of mixed 
bAVM, which corresponds to those involving more than 1 
region from Lawton's classification [14], constitutes a het-
erogeneous group that, in our series, was conformed mainly 
by rolandic and temporo-occipital bAVM. Angiographic 
descriptions for these subtypes are scarce, with similarities 
regarding size for rolandic bAVM [22] and the proportions 
of diffuse nidi and deep venous drainage for occipito-tem-
poral bAVM [11]. The relatively low proportion of ruptured 
presentation for bAVM in these locations is another feature 
that has also been observed in previous studies [11, 22]. 
Another remarkable feature of mixed bAVM in our series 
was the higher proportion of feeders from ECA, compared 
to other locations. A previous study [30], with a similar pro-
portion of feeders from ECA, observed that this feature is 
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associated with larger nidus size and eloquent location, a 
profile that fits with that observed in mixed bAVM in our 
series. Of note, despite their rare description as a group, 
this location showed remarkable characteristics that warrant 
further study.

Limitations

Some characteristics of our population limit the generaliza-
bility of our results. First, pediatric patients are under-repre-
sented, given that national referrals of these cases are usually 
derived to centers specialized in the pediatric population. 
Second, brainstem bAVM cases were scarce, likely due to 
the lack of angiographic studies in the setting of poor prog-
nosis associated with ruptured presentation. Therefore, our 
results could not be accurate for these subgroups of patients.

Implications for practice and research

Although no definitive guidelines have been established for 
the management of bAVM, treatment decisions are usually 
based on ruptured status, the risks of treatment complica-
tions estimated by several scores, and the expected benefits 
of treatment [31]. Besides the procedural technical implica-
tions of lesion location, it has also found to be relevant for 
outcome prediction [27, 28]. The differing location-based 
profiles observed in this study imply that treatment decisions 
should also take them into consideration, both for manage-
ment algorithms and cost-effectiveness analyses. It is argu-
able that general tools could display differing performances 
if stratified by location, such as bleeding risk scores and 
predictive classification schemes. Of note, mixed locations 
displayed particular features not accounted for by the sum 
of their components. Therefore, further research is needed 
regarding differences in performance of scores according 
to location, as well as further study on subgroups such as 
brainstem bAVM and pediatric patients, which were under-
represented in our population, and mixed location, which 
outstands as a special subgroup.

Conclusion

The clinical and angiographic heterogeneity of bAVM war-
rants their grading or classification in order to allow the 
design of tailored treatment strategies. Our results evidence 
that the classification according to location is justified, 
given the existence of differences in several features, which 
allows the establishment of clinical and angiographic pro-
files according to location. The formulation of diagnostic 
and therapeutic management strategies according to bAVM 
location should ease the standardization of management and 
optimization of resources use.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00701- 024- 06105-y.

Author contributions JBF: conceptualization, methodology, formal 
analysis, investigation, resources, data curation, writing-original draft, 
writing-review & editing, visualization; JAM: investigation, resources, 
data curation, writing-original draft, writing-review & editing, visuali-
zation; HPF: resources, writing-review & editing, supervision, project 
administration.

Funding No funding was received for conducting this study.

Data availability Data from the present study can be made available 
upon reasonable request.

Code availability Not applicable.

Declarations 

Ethical approval Approval was obtained from the ethics committee of 
National University of San Marcos. The procedures used in this study 
adhere to the tenets of the Declaration of Helsinki.

Informed consent The need for informed consent was waived by the 
ethical committee as this was a retrospective study.

Consent for publication All authors consent to the publication of this 
work.

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

References

 1. Chen Y, Li R, Ma L, Meng X, Yan D, Wang H, Ye X, Jin H, Li Y, 
Gao D, Sun S, Liu A, Wang S, Chen X, Zhao Y (2021) Long-term 
outcomes of brainstem arteriovenous malformations after different 
management modalities: a single-centre experience. Stroke Vasc 
Neurol 6(1):65–73

 2. Cortese J, Delaitre M, Shotar E, Lenck S, Premat K, Hasboun D, 
Talbi A, Grand T, Boch AL, Mathon B, Valery CA, Drir M, Sou-
rour NA, Clarençon F (2022) clinical characteristics, angioarchi-
tecture and management of tectum mesencephali arteriovenous 
malformations: A retrospective case series. Clin Neuroradiol 
32(2):445–454

 3. Ding D, Starke RM, Quigg M, Yen CP, Przybylowski CJ, Dodson 
BK, Sheehan JP (2015) Cerebral arteriovenous malformations and 
epilepsy, part 1: Predictors of seizure presentation. World Neuro-
surg 84(3):645–652

 4. Dumont TM, Kan P, Snyder KV, Hopkins LN, Siddiqui AH, Levy 
EI (2015) A proposed grading system for endovascular treatment 
of cerebral arteriovenous malformations: Buffalo score. Surg Neu-
rol Int 6:3

 5. Fahed R, Batista AL, Darsaut TE, Gentric JC, Ducroux C, Chaal-
ala C, Roberge D, Bojanowski MW, Weill A, Roy D, Magro E, 
Raymond J (2017) The treatment of brain arteriovenous malfor-
mation study (TOBAS): A preliminary inter- and intra-rater agree-
ment study on patient management. J Neuroradiol 44(4):247–253

 6. Flores BC, Klinger DR, Rickert KL, Barnett SL, Welch BG, White 
JA, Batjer HH, Samson DS (2014) Management of intracranial 
aneurysms associated with arteriovenous malformations. Neuro-
surg Focus 37(3):E11

https://doi.org/10.1007/s00701-024-06105-y


Acta Neurochirurgica         (2024) 166:211  Page 11 of 11   211 

 7. Frisoli FA, Lang SS, Vossough A, Cahill AM, Heuer GG, 
Dahmoush HM, Storm PB, Beslow LA (2013) Intrarater and 
interrater reliability of the pediatric arteriovenous malformation 
compactness score in children. J Neurosurg Pediatr 11(5):547–551

 8. Gabarrós Canals A, Rodríguez-Hernández A, Young WL, Lawton 
MT; UCSF Brain AVM Study Project (2013) Temporal lobe arte-
riovenous malformations: anatomical subtypes, surgical strategy, 
and outcomes. J Neurosurg 119(3):616–628

 9. Grüter BE, Sun W, Fierstra J, Regli L, Germans MR (2021) Sys-
tematic review of brain arteriovenous malformation grading sys-
tems evaluating microsurgical treatment recommendation. Neu-
rosurg Rev 44(5):2571–2582

 10. Han SJ, Englot DJ, Kim H, Lawton MT (2015) Brainstem arte-
riovenous malformations: anatomical subtypes, assessment of 
“occlusion in situ” technique, and microsurgical results. J Neuro-
surg 122(1):107–117

 11. Jiao Y, Lin F, Wu J, Li H, Wang L, Jin Z, Wang S, Cao Y (2016) 
Lesion-to-eloquent fiber distance is a crucial risk factor in presur-
gical evaluation of arteriovenous malformations in the temporo-
occipital junction. World Neurosurg 93:355–364

 12. Kim H, Pawlikowska L, Chen Y, Su H, Yang GY, Young WL 
(2009) Brain arteriovenous malformation biology relevant to hem-
orrhage and implication for therapeutic development. Stroke 40(3 
Suppl):S95-97

 13. Koester SW, Batista S, Bertani R, Yengo-Kahn A, Roth S, Chitale 
R, Dewan M (2023) Angiographic factors leading to hemorrhage in 
AVMs: A systematic review and meta-analysis. Neurosurg Rev 46(1):72

 14. Lawton MT (2014) Seven AVMs: tenets and techniques for resec-
tion. Thieme Medical Publishers, USA

 15. Lawton MT, Kim H, McCulloch CE, Mikhak B, Young WL (2010) 
A supplementary grading scale for selecting patients with brain arte-
riovenous malformations for surgery. Neurosurgery 66(4):702–713

 16. Madhugiri VS, Teo MKC, Vavao J, Bell-Stephens T, Steinberg 
GK (2018) Brainstem arteriovenous malformations: lesion char-
acteristics and treatment outcomes. J Neurosurg 128(1):126–136

 17. Magro E, Darsaut TE, Mezui EDO, Bojanowski MW, Ziegler D, 
Gentric JC, Roy D, Raymond J (2020) Arteriovenous malforma-
tions of the posterior fossa: a systematic review. Acta Neurochir 
(Wien) 162(4):905–910

 18. Nagata S, Matsushima T, Fujii K, Takeshita I, Fukui M, Yasu-
mori K (1991) Lateral ventricular arteriovenous malformations: 
natural history and surgical indications. Acta Neurochir (Wien) 
112(1–2):37–46

 19. Nisson PL, Fard SA, Meybodi AT, Mooney MA, Kim H, Jahnke 
H, Walter CM, Dumont TM, Lemole GM Jr, Lawton MT, Spetzler 
RF (2018) The unique features and outcomes of microsurgically 
resected cerebellar arteriovenous malformations. World Neuro-
surg 120:e940–e949

 20. Oran I, Parildar M, Derbent A (2005) Ventricular/paraventricu-
lar small arteriovenous malformations: role of embolisation with 
cyanoacrylate. Neuroradiology 47(4):287–294

 21. Osbun JW, Reynolds MR, Barrow DL (2017) Arteriovenous mal-
formations: epidemiology, clinical presentation, and diagnostic 
evaluation. Handb Clin Neurol 143:25–29

 22. Paulsen RD, Steinberg GK, Norbash AM, Marcellus ML, Lopez 
JR, Marks MP (1999) Embolization of rolandic cortex arterio-
venous malformations. Neurosurgery 44(3):479–484

 23. Pollock BE, Flickinger JC (2008) Modification of the radiosur-
gery-based arteriovenous malformation grading system. Neuro-
surgery 63(2):239–243

 24. Potts MB, Young WL, Lawton MT; UCSF Brain AVM Study 
Project (2013) Deep arteriovenous malformations in the Basal 
Ganglia, thalamus, and insula: microsurgical management, tech-
niques, and results. Neurosurgery 73(3):417–429

 25. R Development Core Team (2018) R: a language and environment 
for statistical computing. https:// www.r- proje ct. org. Accessed 22 
Jan 2024

 26. Robert T, Blanc R, Ciccio G, Redjem H, Fahed R, Smajda S, 
Piotin M (2015) Anatomic and angiographic findings of cerebellar 
arteriovenous malformations: Report of a single center experi-
ence. J Neurol Sci 358(1–2):357–361

 27. Rodríguez-Hernández A, Kim H, Pourmohamad T, Young WL, 
Lawton MT; University of California, San Francisco Arterio-
venous Malformation Study Project (2012) Cerebellar arterio-
venous malformations: anatomic subtypes, surgical results, and 
increased predictive accuracy of the supplementary grading sys-
tem. Neurosurgery 71(6):1111–1124

 28. Sattari SA, Yang W, Feghali J, Hung A, Xu R, Tamargo RJ, Huang 
J (2023) Management and outcome predictors of patients with 
ruptured deep-seated brain arteriovenous malformations. J Neu-
rosurg 11:1–9. https:// doi. org/ 10. 3171/ 2023.6. JNS23 459

 29. Spetzler RF, Martin NA (1986) A proposed grading system for 
arteriovenous malformations. J Neurosurg 65(4):476–483

 30. Stein KP, Moenninghoff C, Kneist A, Sandalcioglu IE, Forsting 
M, Sure U (2018) Transdural blood supply in cerebral arterio-
venous malformations: A systematic evaluation of angioarchitec-
ture. AJNR Am J Neuroradiol 39(12):2307–2312

 31. Sugiyama T, Grasso G, Torregrossa F, Fujimura M (2022) Current 
concepts and perspectives on brain arteriovenous malformations: 
A review of pathogenesis and multidisciplinary treatment. World 
Neurosurg 159:314–326

 32. Tayebi Meybodi A, Lawton MT (2020) Modern radiosurgical and 
endovascular classification schemes for brain arteriovenous mal-
formations. Neurosurg Rev 43(1):49–58

 33. Taylor B, Appelboom G, Yang A, Bruce E, LoPresti M, Bruce S, 
Christophe B, Claassen J, Sander Connolly E Jr (2015) Underly-
ing effect of age on outcome differences in arteriovenous mal-
formation-associated intracerebral hemorrhage. J Clin Neurosci 
22(3):526–529

 34. Tong X, Wu J, Lin F, Cao Y, Zhao Y, Wang S, Zhao J (2016) 
Microsurgical outcome of cerebellar arteriovenous malformations: 
Single-center experience. World Neurosurg 95:469–479

 35. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn 
J (1988) Interobserver agreement for the assessment of handicap 
in stroke patients. Stroke 19(5):604–607

 36. WMA (2013) World medical association (WMA) declaration of 
helsinki – ethical principles for medical research involving human 
subjects. https:// www. wma. net/ polic ies- post/ wma- decla ration- of- 
helsi nki- ethic al- princ iples- for- medic al- resea rchin volvi ng- human- 
subje cts/. Accessed 22 Jan 2024

 37. Yang W, Porras JL, Philadelphia E, Law J, Garzon-Muvdi T, 
Caplan JM, Colby GP, Coon AL, Tamargo RJ, Huang J (2018) 
Treatment decision for occipital arteriovenous malformations 
(AVMs) to achieve hemorrhagic control while maximizing visual 
preservation: Our experience and review of literature. J Clin Neu-
rosci 48:50–57

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://www.r-project.org
https://doi.org/10.3171/2023.6.JNS23459
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-researchinvolving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-researchinvolving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-researchinvolving-human-subjects/

	Location-based clinical and angiographic profile of brain arteriovenous malformations – a single-center observational study
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods and materials
	Study design and population
	Data extraction
	Statistical analysis
	Ethical considerations

	Results
	Study population
	Clinical characteristics
	Angiographic characteristics

	Discussion
	Superficial supratentorial locations
	Deep supratentorial locations
	Infratentorial locations
	Mixed locations
	Limitations
	Implications for practice and research

	Conclusion
	References


