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 Introduction

Brain arteriovenous malformations (bAVM) are one of the 
most common congenital vascular brain malformations, 
which frequently manifests at young age [1]. Besides hemor-
rhages, patients may exhibit seizures (17–40%) and chronic 
headaches (9.8–46%) that decrease the quality of life [2]. 
Growing access to high-quality imaging has increased the 
number of patients with unruptured bAVM. The annual risk 
of bAVM hemorrhage reported previously is 1.7–3.1% [3–
7]. Mortality after rupture reaches 29% and permanent mor-
bidity occurs in more than one-third of cases [8].

Microsurgery remains the most effective treatment option 
and is considered a first-line treatment for ruptured bAVMs 
[9–11]. However, the clinical approach to unruptured AVMs 
remains under discussion. ARUBA randomized trial and the 
following SAIVMS showed that conservative management 
is more beneficial than invasive modalities. Trial results were 
followed by a wave of criticism from neurosurgeons across 
the globe. Many specialists emphasized numerous biases 
that could have affected its results. Further surgical series for 
unruptured bAVMs published in the “post-Aruba era” mostly 
overruled ARUBA conclusions. The presented work reflects 
our experience with unruptured AVM patients operated upon 
in Burdenko National Research Center for Neurosurgery.

 Materials and Methods

The retrospective study included 160 adult patients 
(>18 years old) with unruptured bAVMs admitted for micro-
surgery in 2009–2017. Of these, 93 (58.1%) were males and 

67 (41.9%) were females. Mean age was 33.4  ±  10  years 
(range 18–67 years). No signs of hemorrhage were found on 
brain MRI or CT in all cases. Seizures were the most com-
mon clinical sign, found in 99 patients (61.9%), and 49 
patients (30.6%) had chronic headaches, four (2.5%) had 
transient ischemic symptoms, and in eight (5%) the AVMs 
were asymptomatic. Most patients with seizures (86%) had 
generalized seizures and only three patients had secondarily 
generalized seizures.

The decision for surgical treatment was based on Spetzler- 
Martin score (Grade I–III), clinical signs (permanent 
decrease of quality of life), AVM location (eloquence, sup-
ply, angiomatosis, etc.), and age (in terms of cumulative 
hemorrhage risk). In addition, a small group of patients with 
AVM Spetzler-Martin Grade IV (high risk) who had severe, 
disabling symptoms (pharmacoresistant seizures, persistent 
headache ineffectively controlled with medications) was 
included. Patient data were extracted from the electronic 
medical records (e-med). Before and after surgery patients 
were examined by a neurologist and ophthalmologist and 
electroencephalography (EEG) was done for seizure patients. 
AVM morphology was evaluated with cerebral angiography 
(CA) or spiral CT angiography (CTA). All patients had a 
control angiography postoperatively. Outcomes were 
assessed with modified Rankin scale (mRS) at discharge 
(10–14 days). Follow-up exams were carried in the outpa-
tient department or over the phone.

 Results

The distribution of patients by Spetzler-Martin score, AVM 
size, and location is presented in Table 1. Mean AVM size 
was 3.3 ± 1.07 cm (1.5–10 cm). Patients with AVM in the 
temporal (72%) and frontal (70%) lobes had a higher ten-
dency for seizures. Of all patients with occipital AVMs, 13 
manifested with headaches and five had photopsias (all 
AVMs were  <  4  cm). In six patients with occipital AVM, 
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visual field defects that could not be associated with hemor-
rhages were found before surgery (homonymous hemiano-
pia—five, quadrant hemianopia—one). These defects may 
have been congenital or due to asymptomatic ischemic 
changes).

Surgery. Microsurgical resection of AVM was performed 
in 128 (80%) patients, resection with preoperative emboliza-
tion in 31 (19.4%). In one case, surgery was limited to AVM 
afferent clipping due to critical M-response decrease. In 
three cases simultaneous epilepsy resection using ECoG 
monitoring (amygdalohippocampectomy or temporal lobec-
tomy) was performed. AVMs were located in the mediobasal 
temporal lobe in two patients and in the hippocampus in one 
patient.

In 33 cases (20.6%) minor hemorrhage signs (“silent” 
hemorrhage) were identified during surgery. Commonly, 
these included local hemosiderin deposits limited to the one 
or two sides of the lesions. No typical parenchymal hemor-
rhages in the form of hematomas residuals or post- 
hemorrhagic cysts were identified. Results of surgical 
treatment are summarized in Fig.  1. Favorable outcomes 
(mRS  =  0–2) at discharge were achieved in 149 patients 
(93.1%), and satisfactory outcomes (mRS—3) in 9 (5.6%) 
patients. Two patients died (1.25%), one due to the severe air 
embolism, the other from the complicated pre-surgical 
embolization (glue migration).

The long-term treatment outcomes were evaluated in 97 
(60.6%) patients. Mean duration of follow-up was 
59.3 months (13–108 months). At follow-up, the number of 
patients with excellent outcomes (mRS = 0–1) increased to 
80.4%, and the total number of favorable outcomes 
(mRS  =  0–2) reached 94.8%. Two (2%) patients died of 
causes unrelated to surgery.

The long-term outcomes were followed in 59 of 99 
patients (55.6%) with seizures. Engel class I was achieved in 
50 patients (84.8%) (complete regression—64.4%, improve-
ment—30.5%); Engel class IIA was achieved in two (3.4%), 
Engel class IIIA in four (6.8%), and Engel class IV in three 
patients (5.1%). The headache intensity over the time was 
evaluated in 65 of 87 patients (74.7%). Headache intensity 

decreased after surgery in 41 patients (63%) , frequency 
decreased in two (3.1%), headache worsened in twelve 
(18.5%), and remained unchanged in ten (15.4%).

Complications. Hemianopia was the most common post- 
surgical neurological deficit (in some a combination with 
central scotomas were observed) and was reported in 55 
cases (64.7%) (homonymous hemianopia—39, quadrant 
hemianopia—16). Visual field defects occurred in 100% of 
AVMs found in the mediobasal temporal lobe (n = 6) and in 
the occipital-temporal area (n = 8); in 92.3% of AVMs found 
in the occipitoparietal area (n = 12), and in 86.3% (n = 19) of 
those found in the occipital lobe AVMs. In 13.7% of patients 
with occipital AVM, visual fields after surgery remained 
unchanged. Postoperative visual field defects were followed 
in 22 of 55 patients (40%) (mean follow-up duration was 
61.7  months), including ophthalmologist examination and 
perimetry. Complete recovery of visual defects was reported 
in six patients (27%), partial recovery in eight (36%), vision 
was unchanged in seven (32%), and in one patient visual 
field defects worsened.

Other postoperative neurological complications included 
motor deficit in nine patients, aphasia in six patients, cogni-
tive disorders including behavior changes in six patients, and 
cerebellar or vestibular dysfunctions in two patients. In two 
cases hemorrhages occurred after AVM embolization. 
Hematomas and AVMs were successfully removed with a 
good outcome in both cases.

 Discussion

Generally, surgical treatment for unruptured bAVMs is rec-
ommended for young patients with high life expectancy (in 
this study, 77% of patients were aged <40  years) and low 
surgical risks (S-M I–III). A separate category, not analyzed 
in our work, is young women planning a pregnancy. As 

Table 1 Distribution of AVMs by Spetzler-Martin score, size, and 
location

Spetzler-Martin score and AVM size, n (%)
I 18 (11.3%) Small (1–3 cm) 55 (34.4%)
II 71 (44.4%) Medium (3.5–5.5 cm) 87 (54.4%)
III 60 (37.5%) Large (≥6 cm) 18 (11.2%)

IV 11 (6.8%)

Location, n (%)
Frontal lobe 60 (37.5%) Parietal lobe 10 (6.2%)
Temporal lobe 42 (26.3%) Occipitotemporal 8 (5%)
Occipital lobe 22 (13.8%) Cerebellum 4 (2.5%)
Occipitoparietal 13 (8.1%) Temporoparietal 1 (0.6%)

80,4%

65,0%

28,1%

16,5%

5,6%
1,0% 1,3% 2,1%

Post op.

Rankin 3Rankin 2Rankin 0-1 Rankin 6

Follow up

Fig. 1 Surgical outcomes for unruptured bAVM at discharge and at 
follow-up
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K. Fukuda showed, the first AVM hemorrhage may be fatal 
to 28% of women and 14% of fetuses, as well as causing 
early miscarriage [12, 13]. Although the influence of labor 
on the AVM rupture is still under discussion, some studies 
have identified a higher risk of rupture compared to the gen-
eral population [13, 14].

In most patients, symptomatic epilepsy was an indication 
for surgery. According to our data, favorable outcomes were 
achieved in 84.8% of patients (Engel class I) with complete 
seizures relieved (Engel class IA) in 64%. AVM resection 
does not ensure full seizure resolution; therefore, we recom-
mend continuation of anticonvulsants for 6–12  months. 
According to the published reports, AVM resection is a quite 
effective treatment and results in seizure control (Engel class 
I) in 52–100% of patients [15–18].

Correlation between bAVMs and chronic headaches is 
unclear and remains a subject of further investigation. Of all 
bAVM patients, those with headaches comprise a significant 
percentage, but it is difficult to establish relevant association 
between headache and AVM [19–21]. According to the pub-
lished reports, surgical resection of AVM led to headache 
intensity decrease or complete resolution in 33–83% of 
patients [22–24]. In our series, 66% of patients demonstrated 
various degrees of improvement.

Visual cortex and tracts are the most sensitive areas in 
terms of postoperative neurological defects. High risk fac-
tors for visual compromise are AVM size >3 cm and proxim-
ity to temporal, temporo-occipital or parieto-occipital cortex. 
It is also important to consider AVM angiomatosis that may 
require extended resection that exceeds initially planned 
boundaries. Although the group with follow-up ophthalmo-
logical examination was small (n  =  22), field defects 
improvement was confirmed in more than half (63%) of the 
patients. Further study with more patients is obviously 
needed.

Endovascular embolization reduces the AVM volume and 
thus facilitates subsequent resection. To minimize hemor-
rhage risks between surgical steps it is an established prac-
tice in our department to focus an endovascular session on 
occlusion of hemodynamic aneurysms, embolization of deep 
afferents and AVM parts that are difficult for excision or 
excess during open surgery. A coordinated schedule of 
patient treatment and transportation may reduce time 
between both stages. In future, hybrid operating rooms may 
become a solution to such cases.

Functional outcomes in our study are consistent with the 
published data confirming that surgery for “low-grade” 
AVMs is reasonably safe and not associated with major neu-
rological complications. Indications for surgery for unrup-
tured bAVMs Spetzler-Martin Grade III–IV are individual 
and justified only when better quality of life is expected (e.g., 
improvement of the symptomatic epilepsy) rather than hem-
orrhage prevention. Patients with AVM Spetzler-Martin 

Grade V should be managed conservatively regardless of the 
clinical signs. The effectiveness of the chronic headaches 
(migraine) treatment in patients with AVM is questionable 
and further studies are warranted.
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