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Combination Treatment of Cerebral Arteriovenous Malformations Using 
Endovascular and Microsurgical Techniques
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Material and methods. The study included 40 patients with cerebral AVMs. In the study group, 14 (35%) patients underwent 
microsurgical resection without preliminary embolization (1st group), and 26 (65%) patients underwent combined treatment 
(endovascular embolization and microsurgical intervention, 2nd group). The first group included patients with S&M grade I―III 
AVMs, and the second group included patients with S&M grade II―V AVMs. Treatment outcomes were evaluated with allowance 
for completeness of AVM resection, operative blood loss, duration of surgery, changes in clinical and neurological impairments 
according to the modified Rankin scale, and rate of neurological and surgical complications.
Results. According to postoperative findings, AVMs were totally resected in all patients. Persistent focal neurological symptoms 
developed in 2 (7.7%) cases in the second group; neurological complications occurred in 1 (7.1%) patient in the first group. The 
mean blood loss during resection of AVMs without preliminary embolization and embolized AVMs in patients with S&M grade 
I―III AVMs was 271.4 mL and 149.1 mL, respectively. The duration of surgery and blood loss did not differ significantly in 
microsurgery and combination treatment groups.
Conclusion. Combination treatment, including microsurgical intervention after endovascular embolization, is an effective 
treatment for AVMs, in particular for high grade (S&M grade III―V) AVMs. Teamwork and coordination among the surgeon, 
endovascular surgeon, and radiologist in treatment of AVMs is a prerequisite for a good outcome.
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According to the literature [1], the detectability of 

clinically manifested arteriovenous malformations 

(AVMs) equals about 1 case per 100,000 population per 

year. Clinical manifestations of AVM occur most fre-

quently as a result of its rupture and intracranial hemor-

rhage [1]. The risk of AVM hemorrhage is approximately 

2—4% per year. Moreover, 18% of hemorrhage cases re-

sult in lethality, while 38—53% of the cases lead to neu-

rological deficit [2].

To date, there are 3 methods of treating AVM: mi-

crosurgical, endovascular, and radiological techniques. 

These methods are used alone or in combination with 

each other. The choice of the treatment approach pri-

marily depends on the capabilities of the hospital, prefer-

ences of the medical team and significantly differs be-

tween clinical centers [3]. In addition, the opinions of 

various surgeons on the benefits of endovascular emboli-

zation prior to open surgical intervention are contradic-

tory. According to the majority of authors, preoperative 

embolization allows reducing the size of the vascularized 

area of AVM, reduces the risk of intraoperative hemor-

rhage, technically facilitates AVM resection and thereby 

improves the functional outcome of microsurgical inter-

vention [4—6]. At the same time, a number of authors [7] 

point out that preoperative embolization increases dis-

ability and mortality chances when used in combination 

treatment.

The study presents analysis of the results of combina-

tion treatment of AVM (endovascular embolization and 

microsurgical resection) conducted at Novosibirsk Fed-

eral Center of Neurosurgery.

Material and Methods
The study included 40 patients (20 males, 20 females, 

aged 18 to 69 years (mean age 40.5±14.2 years)) with ce-

rebral AVM operated on at Novosibirsk Federal Center of 

Neurosurgery in the period from February, 2013 to Octo-

ber, 2015.

All patients underwent a comprehensive examination 

including clinical and neurological examination, record-

ing of complaints and medical history, consultations with 

related specialists: ophthalmologist, otoneurologist, and 

therapist. Furthermore, all patients underwent instru-

mental examination: computed tomography (CT) of the 

brain, multidetector CT angiography (SCT), magnetic 

resonance imaging (MRI) of the brain, cerebral angiog-

raphy (CA).

Clinical manifestation of the disease was associated 

with hemorrhage in 13 (32.5%) patients and with epilep-

tic syndrome in 14 (35%) patients. One (2.5%) patient 

developed ischemic symptoms of acute impairment of 

cerebral circulation on the vascular territory adjacent to 

the AVM. A total of 12 (30%) patients were diagnosed 

with AVM due to the complaints of headache, dizziness 

and other manifestations of chronic cerebral circulatory 

insufficiency.

Headache prevailed among the study patients (16 

(40%) cases). Pyramidal insufficiency due to a previous 

hemorrhage in the region of motor tracts was detected in 

3 (7.5%) patients, visual impairments and aphasic disor-

ders were noted in 2 (5%) and 2 (5%) patients, respec-

tively. One (2.5%) patient had ataxia due to a previous 
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hemorrhagic stroke in the cerebellar hemisphere; dizzi-

ness and visual hallucinations were observed in 2 (5%) 

and 1 (2.5%) patients, respectively.

The degree of disability was assessed in all patients 

using the modified Rankin's scale (mRS, 1988) (Fig. 1). 
The majority (42.5%) of the patients had no functional 

disorders prior to surgery (0 mRS points). AVM was lo-

calized in the right hemisphere in 20 (50%) cases and in 

the left hemisphere in 18 (45%) cases. AVM was most fre-

quently observed in the temporal lobe (complete or par-

tial localization): 18 (45%) patients in total. Two (5%) 

patients were diagnosed with cerebellar AVM. The local-

ization of AVM in the studied patients is presented in 

Table 1.

Preoperative evaluation of AVM was carried out us-

ing the Spetzler and Martin (S&M) scale [8]. S&M grade 

II and III AVM patients (17 (42.5%) and 15 (37.5%) pa-

tients, respectively) prevailed in the study (Fig. 2).
Microsurgical resection of AVM without preliminary 

embolization was performed in 14 (35%) patients (group 1), 

combination treatment (endovascular embolization and 

microsurgical resection) was performed in 26 (65%) pa-

tients (group 2).

Group 1 consisted of patients with S&M grade I—

III AVM, group 2 included patients with S&M grade 

II AVM (see Fig. 2).

Endovascular embolization of AVM was performed 

using transfemoral arterial access under combined endo-

tracheal anesthesia and controlled hypotension. As an 

embolic agent, cyanoacrylates were used in 6 (23.1%) 

cases, non-adhesive Onyx polymer was applied in 13 

(50%) cases, and combination of adhesive sealant and 

non-adhesive agents was used in 7 (26.9%) patients.

The degree of AVM embolization was evaluated us-

ing CT angiography images in two planes based on the 

volume of the contrast medium as a percentage of the ini-

tial figures. The amount of AVM embolization before 

surgery had an average value of 84.5%, median value of 

90%, interquartile range of 75; 96.5 (minimum volume, 

50%; maximum volume, 100%).

All of the patients underwent control CT of the brain 

immediately after endovascular surgery in order to ex-

clude possible hemorrhage, ischemia and vasogenic ede-

ma.

One-stage embolization was performed in 12 (46.2%) 

cases, 2-stage, 3-stage and 4-stage embolization was 

conducted in 8 (30.8%), 2 (7.7%) and 1 (3.8%) patients, 

respectively, prior to AVM resection. Three (11.5%) pa-

tients underwent ≥5 embolizations.

All surgeries were scheduled. The terms between the 

last embolization and microsurgical intervention varied 

from a few hours to 10 months depending on the results 

of control CA and the patient's consent to the next stage 

of surgical treatment. The period between the last embo-

lization and surgical intervention averaged 45.2 days; me-

dian, 7 days; interquartile range, 4; 75.2 days.

In the combined treatment group, 10 (38.5%) pa-

tients were changed to open surgical intervention due to 

the technical impossibility of further embolization, which 

was established based on the results of control CA per-

formed in the period of 3—6 months from the last embo-

lization. The impossibility of embolization was associat-

ed with the lack of available afferents for catheterization 

and putative high risk of complications during emboliza-

tion due to the functional significance of afferents. Mi-

crosurgical intervention was the original method of 

choice in 16 (61.5%) patients.

Osteoplastic trepanation of the skull was performed 

with AVM node resection in all cases at the stage of open 

surgical treatment. In all patients, intervention was car-

ried out under endotracheal anesthesia combined with 

controlled hypotension. The position on the operating 

table was determined by AVM localization and the se-

lected type of access. Head was firmly fixed in the May-

field clamp. Preoperative planning was carried out using 

a frameless navigation system. The size of the trepanation 

window, as a rule, exceeded the size of malformation, the 

dura mater was opened along the edge of the bone defect. 

The main stage was performed using a surgical micro-

scope and intraoperative contact Doppler sonography.

The following parameters were taken into account in 

evaluation of the results of surgical treatment: complete-

ness of AVM resection, operative blood loss, duration of 

surgery, changes in disability according to the modified 

Rankin scale, and the rate of neurological and surgical 

complications.

Statistical processing of the obtained data was carried 

out using R ver. 3.2.4 software (R Foundation). The 

methods of descriptive statistics were used for analysis of 

the study results: calculation of the arithmetic mean (M), 

standard deviation (m), median (Ме), lower and upper 

quartiles. Normality of distribution was verified using the 

Shapiro–Wilk test. The Welch’s t-test (normally distrib-

uted values), the Mann–Whitney’s U test, and the exact 

Fisher’s test with modification for contingency tables 

larger than 2×2 were used for comparison of the groups. 

The correlation was determined using the Spearman 

Table 1. Distribution of patients by AVM localization

Localization
Number of pa-

tients, %

Temporal lobe 13 (32.5)

Parietal lobe 6 (15)

Frontal lobe 10 (25)

Occipital lobe 3 (7.5)

Frontal and temporal lobes 2 (5)

Temporal and occipital lobes 1 (2.5)

Parietal and occipital lobes 1 (2.5)

Frontal, parietal and temporal lobes 1 (2.5)

Parietal and temporal lobes 1 (2.5)

Cerebellar hemisphere 2 (5)

Total 40 (100)
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method. Differences were considered statistically signifi-

cant at p<0.05.

Results
Groups 1 and 2 were comparable in gender (p=1.0), 

age (p=0.42) and the degree of functional disorders and 

disability according to the Rankin scale (p=0.11) but sta-

tistically significantly differed in patient distribution ac-

cording to the S&M scale (p=0.04).

Subtraction CA was performed in 8 (20%) patients in 

the postoperative period, the remaining patients under-

went SCT. According to the examination data, AVM was 

completely resected in all patients.

There were no deaths. One patient with S&M grade 

II AVM localized in the occipital lobe developed stable 

quadrant homonymous hemianopsia after endovascular 

embolization, which persisted after microsurgery. One 

patient with S&M grade V AVM localized in the right 

temporal lobe developed left-sided hemiparesis of up to 3 

points associated with ischemia in the capsula interna 

due to the occlusion of perforating arteries after the third 

stage of embolization.

Thus, persistent focal neurological symptoms devel-

oped in 2 (7.7%) cases in group 2.

Neurological complications were noted in 1 (7.1%) 

cases after microsurgical interventions: a patient with 

S&M grade II AVM of the left frontal lobe developed 

mild paresis of the facial nerve and motor aphasia symp-

toms, which partially regressed during therapy.

Surgical complication in the form of hematoma of 30 

mL in the bed of the resected AVM occurred in 1 (7.1%) 

patient from the first group. This complication was clini-

cally manifested in the form of hemiparesis, which devel-

oped on the first day after surgery. The patient underwent 

revision of the operative wound and hematoma resection. 

No signs of residual AVM were observed during revision. 

Neurological symptoms regressed completely after re-

peated surgery. In 2 (7.7%) patients of the second group, 

ligature fistulas were formed after 1.5—2 months, which 

required revision of the postoperative scar and fistula ex-

cision.

Analysis of neurological disorders and the degree of 

disability after surgery according to the modified Rankin 

scale showed that 1 (7.1%) patient of the first group expe-

rienced negative changes (1-point deterioration). Among 

the second group patients, 1 (3.8%) patient showed dete-

rioration by 1 point and another (3.8%) patient experi-

enced 3-point deterioration (Fig. 3). There were no sta-

tistically significant differences.

Comparison of the volume of blood loss and surgery 

duration between the groups was conducted only among 

patients with S&M grades I—III AVM (14 patients of the 

group 1, 22 patients of the group 2), which was caused by 

the absence of S&M grades IV—V patients in the group 1. 

Mean blood loss in the group 1 was 271.4 mL (median, 

100 mL; interquartile range, 50 to 250 mL). Mean blood 

loss in the group 2 was 149.1 mL (median, 100 mL; inter-

quartile range, 50 to 200 mL). There were no statistically 

significant differences in blood loss between the groups 

(Mann—Whitney test, p=0.664).

Mean duration of surgery was 290.4±104.3 min in 

group 1 and 280.7±97.1 min in group 2. There were no 
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Fig. 1. Distribution of group 1 and 2 patients according to the 
Rankin scale prior to surgery. 
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statistically significant differences in surgery duration be-

tween the groups (Student’s test p=0.78).

Mean blood loss was 50, 50, 700 and 1000 mL, re-

spectively, in 4 patients of the group 2 with S&M grade 

IV—V AVM, the duration of surgery was 205, 330, 600 

and 365 min, respectively.

No correlation was revealed during analysis of the ef-

fect of amount of embolization on blood loss in group 2 

patients.

Discussion
Microsurgical resection, which provides early im-

provement and subsequently reduces the risk of hemor-

rhage to practically zero, is the most radical method of 

AVM treatment [9]. It can be solely performed only in 

patients with a low risk of surgery. The risk is associated 

with hard-to-reach sources of AVM blood supply, intra-

nidal aneurysms, large fistulas, large linear dimensions 

and volume of AVM, localization in functionally impor-

tant areas.

Total occlusion of AVM can be achieved by endovas-

cular intervention in 16—32.8% of cases [10—12]. Some 

authors [13] present higher rates of AVM embolization: 

51%, with a 2—8.7% risk of complications and a mortal-

ity rate of 0.8—3%. According to A. Nataraj et al. [2], 

residual AVMs are found after treatment in patients with 

high-grade AVM after embolization as the only method 

of treatment in 41% of cases, while microsurgical resec-

tion results in only 2% of residual AVMs. Moreover, in-

complete occlusion does not prevent re-hemorrhage, 

and, according to some data [2, 14, 15], increases the risk 

of hemorrhage compared to patients who have not re-

ceived any treatment at all. According to our observa-

tions, as well as according to some authors, even after 

complete AVM obliteration according to angiographic 

criteria, the residual filling of the AVM center through 

the feeding vessels is determined during the subsequent 

microsurgical surgery [6].

Taking into account low completeness, intravascular 

interventions for AVM are currently being considered 

primarily as a preliminary stage for more radical meth-

ods: microsurgical resection or radiation. Endovascular 

embolization allows reducing the AVM volume and the 

amount of arteriovenous shunting, shutting off the feed-

ing arteries that are difficult to access in direct interven-

tion and areas of malformation that are potentially dan-

gerous with respect to rupture.

In our study, 26 patients were treated using combina-

tion approach (endovascular + microsurgical methods). 

There were no deaths; the incidence of persistent neuro-

logical disorders was 7.7%.

According to the article by R. Crowley et al. [16], 

which demonstrates the results of treatment of 342 pa-

tients with AVM, the relationship between the number of 

the stages of endovascular intervention and neurological 

complications was revealed (the average number of em-

bolization stages with complications was 1.57±0.75, the 

average number of embolization stages without compli-

cations was 1.26±0.53, p=0.01). Postoperative neurologi-

cal complications and deaths accounted for 11.4%. 

L. Kim et al. [17] revealed a direct relationship between 

the S&M grade of AVM and the rate of complications. In 

2009, R. Starke et al. [18] published results of the treat-

ment of 202 patients who underwent embolization prior 

to microsurgical resection or radiosurgery: postoperative 

neurological deficit developed in 14% of cases. It has 

been established that the risk factors for postoperative 

neurological disorders are the need for more than one 

embolization, AVM diameter is less than 3 cm or more 

than 6 cm, deep venous drainage, and localization in the 

functionally significant region.

According to the literature data [6], the complication 

rates of combined treatment vary widely and reach 

28.6%, severe complications of combined treatment and 

lethality are found in 4.6—7% and 2.3% of cases, respec-

tively.

In our study, the mean blood loss during combined 

treatment of the patients with S&M grade II―III AVMs 

was 149.1 mL (median 100 mL), the duration of surgery 

was 280.7 min. These results are comparable to the blood 

loss values for the group with microsurgical intervention. 

Similar results were obtained in the study by O.D. She-

khtman et al. [12] presenting a comparative analysis con-

ducted between the two groups (40 patients with AVM 

underwent preliminary embolization and 40 patients 

were subjected to microsurgical resection of AVM only). 

There were no significant difference in the mean dura-

tion of surgery and blood loss, which exceeded the stan-

dard value (more than 500 mL), between the study and 

control groups. In the work by S. Natarajan et al. [6], the 

mean blood loss in the group of 28 patients with an aver-

age S&M grade of 2.75, who underwent combined treat-

ment, with an average embolization rate of 74.1%, was 

348 mL. In our study, we managed to minimize the blood 
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loss and decrease the duration of surgery in a series of 

cases with S&M grade IV―V AVM. These results are 

comparable with the results obtained for the group of pa-

tients with S&M grade I―III AVM, which is due to the 

positive effect of preliminary embolization on the techni-

cal aspects of microsurgical intervention. Moreover, sub-

jectively speaking, preliminary embolization technically 

simplifies the microsurgical resection of the AVM center, 

allows performing dissection as close as possible to the 

site and avoiding damage to the surrounding brain tissue. 

Embolization allows one to switch off the deeply located 

afferents that limit the excision of the S&M grade IV―V 

AVM [2].

We have not revealed any correlation between the 

blood loss and the degree of embolization. In addition, 

we have not found any indications of a “golden mean” 

between the degree of AVM embolization and the rate of 

ruptures and neurological complications that require 

open surgical intervention in the literature. According to 

F. Vinuela et al. [5], no effect of embolization was ob-

served in resection of AVM embolized by less than 50%. 

Embolization of more than 75% of the AVM volume fa-

cilitated the dissection, while providing the control over 

bleeding from the feeding arteries during the interven-

tion.

The decision on the choice of treatment method, 

number of stages, and the amount of surgical interven-

tion should be made by a multidisciplinary team with 

participation of a neurosurgeon, an endovascular sur-

geon, and a radiologist. Microsurgical intervention is 

preferred in small, S&M grade I―II AVMs that are lo-

cated superficially and beyond functionally important 

areas. Taking into account high variability of the grade 

III AVM, the decision is to be made individually in each 

particular case; the combined treatment is preferred. 

Combined treatment is also recommended in grade IV—

V AVM.

When choosing a combined treatment strategy (en-

dovascular embolization + microsurgery), it is necessary 

to strive to reduce the number of endovascular interven-

tions and, maybe, not achieve complete occlusion of 

AVM (the recommended amount of embolization before 

microsurgery is more than 75%) [5]. Particular attention 

should be paid to switching off the deep feeding arteries 

from the bloodstream. In addition, it is necessary to de-

crease the time between the last embolization and the 

microsurgical stage as much as possible to minimize the 

risk of hemorrhage and AVM recanalization [11].

Conclusion
The treatment of cerebral arteriovenous malforma-

tions remains to be one of the most complex and contra-

dictory issues in vascular neurosurgery. As the literature 

data and the results of our study show, a multidisciplinary 

approach involving neurosurgeons and endovascular sur-

geons is required in order to reduce the risk of neurologi-

cal and surgical complications as well as to increase the 

completeness of surgical intervention and improve the 

quality of the patients’ life at the modern stage of medical 

development. Preoperative embolization in patients with 

high S&M grade AVM allows technical facilitation of 

AVM resection and reduction in the risks of surgical in-

tervention.

Authors declare no conflict of interest.

REFERENCES
1. Darsaut TE, Magro E, Gentric J-C, Batista A, Chaalala C, Roberge D, 

Bojanowski M, Weill A, Roy D, Raymond J. Treatment of brain AVMs 

(TOBAS): study protocol for a pragmatic randomized controlled trial. Tri-
als. 2015;16(1):497. https://doi.org/10.1186/s13063-015-1019-0

2. Nataraj A, Mohamed MB, Gholkar A, Vivar R, Watkins L, Aspoas R, 

Gregson B, Mitchell P, Mendelow AD. Multimodality Treatment of Cere-

bral Arteriovenous Malformations. World Neurosurg. 2013 June;82:1-12. 

 https://doi.org/10.1016/j.wneu.2013.02.064

3. Cockroft KM, Chang KE, Lehman EB, Harbaugh RE. AVM Management 

Equipoise Survey: physician opinions regarding the management of brain 

arteriovenous malformations. J Neurointerv Surg. 2014;6(10):748-753. 

 https://doi.org/10.1136/neurintsurg-2013-011030

4. Theofanis T, Chalouhi N, Dalyai R, Starke R, Jabbour P, Rosenwasser R, 

Tjoumakaris S. Microsurgery for cerebral arteriovenous malformations: 

postoperative outcomes and predictors of complications in 264 cases. Neu-
rosurg Focus. 2014;37(3):E10. https://doi.org/10.3171/2014.7.FOCUS14160

5. Viñuela F, Dion JE, Duckwiler G, Martin N, Lylyk P, Fox A, Pelz D, 

Drake C, Girvin J, Debrun G. Combined endovascular embolization and 

surgery in the management of cerebral arteriovenous malformations: expe-

rience with 101 cases. J Neurosurg. 1991;75(6):856-864. 

 hppts://doi.org/10.3171/jns.1991.75.6.0856

6. Natarajan SK, Ghodke B, Britz GW, Born DE, Sekhar LN. Arteriovenous 

Malformations With Microsurgery After Embolization With Onyx: single-

center experience and technical nuances. Neurosurg. 2008;62(6):1213-1226.

 https://doi.org/10.1227/01.NEU.0000316860.35705.AA

7. Morgan MK, Davidson AS, Koustais S, Simons M, Ritson EA. The failure 

of preoperative ethylene-vinyl alcohol copolymer embolization to improve 

outcomes in arteriovenous malformation management: case series. J Neuro-
surg. 2013;118(5):969-977. https://doi.org/10.3171/2012.11.JNS112064

8. Spetzler RF, Martin NA. A proposed grading system for arteriovenous mal-

formations. J Neurosurg. 1986;65(4):476-483. 

 https://doi.org/10.3171/jns.1986.65.4.0476

9. Davies JM, Yanamadala V, Lawton MT. Comparative effectiveness of treat-

ments for cerebral arteriovenous malformations: trends in nationwide out-

comes from 2000 to 2009. Neurosurg Focus. 2012;33(1):E11. 

 https://doi.org/10.3171/2012.5.FOCUS12107

10. Sahlein DH, Mora P, Becske T, Nelson PK. Nidal embolization of brain 

arteriovenous malformations: rates of cure, partial embolization, and clini-

cal outcome. J Neurosurg. 2012;117(1):65-77. 

 https://doi.org/10.3171/2012.3.JNS111405

11. Meisel HJ, Mansmann U, Alvarez H, Rodesch G, Brock M, Lasjaunias P. 

Effect of partial targeted N-butyl-cyano-acrylate embolization in 

brain AVM. Acta Neurochir (Wien). 2002;144:879-888. 

 https://doi.org/10.1007/s00701-002-0978-6

12. Shekhtman OD, Maryashev SA, Eliava ShSh, Yakovlev SB, Golanov AV, 

Shishkina LV, Pilipenko YuV, Okishev DN, Bocharov AV, Bukharin EYu, 

Mikeladze KG, Kisar’ev SA, Vinogradov EV, Kaftanov AN, Konovalov AN. 

Combined treatment of cerebral arteriovenous malformations. Experience 

of the Burdenko Neurosurgical Institute J Vopr. Neirokhir. Im N N Burdenko. 

2015;79:4:4-18. (In Russ.).

 https://doi.org/10.17116/neiro20157944-18

13. Saatci I, Geyik S, Yavuz K, Cekirge HS. Endovascular treatment of brain 

arteriovenous malformations with prolonged intranidal Onyx injection 



28 BURDENKO’S JOURNAL OF NEUROSURGERY 4, 2017

ORIGINAL ARTICLES

technique: long-term results in 350 consecutive patients with completed en-

dovascular treatment course. J Neurosurg. 2011July;115:78-88. 

 https://doi.org/10.3171/2011.2.JNS09830

14. Fournier D, TerBrugge KG, Willinsky R, Lasjaunias P, Montanera W. En-

dovascular treatment of intracerebral arteriovenous malformations: experi-

ence in 49 cases. J Neurosurg. 1991;75(2):228-233. 

 https://doi.org/10.3171/jns.1991.75.2.0228

15. Han PP, Ponce FА, Spetzler RF. Intention-to-treat analysis of Spetzler-

Martin grades IV and V arteriovenous malformations: natural history and 

treatment paradigm. J Neurosurg. 2003;98(1):3-7. 

 https://doi.org/10.3171/jns.2003.98.1.0003

16. Crowley RW, Ducruet AF, Kalani MYS, Kim LJ, Albuquerque FC, Mc-

Dougall CG. Neurological morbidity and mortality associated with the en-

dovascular treatment of cerebral arteriovenous malformations before and 

during the Onyx era. J Neurosurg. 2015 June;122:1-6. 

 https://doi.org/10.3171/2015.2.JNS131368

17. Kim LJ, Albuquerque FC, Spetzler RF, McDougall CG. Postembolization 

neurological deficits in cerebral arteriovenous malformations: stratification 

by arteriovenous malformation grade. Neurosurgery. 2006;59(1):53-59; dis-

cussion 53-59. https://doi.org/10.1227/01.NEU.0000219219.97287.91

18. Starke RM, Komotar RJ, Otten ML, Hahn D, Fischer L, Hwang B, Gar-

rett M, Sciacca R, Sisti M, Solomon R, Lavine S, Connolly E, Meyers P. 

Adjuvant embolization with n-butyl cyanoacrylate in the treatment of cere-

bral arteriovenous malformations: Outcomes, complications, and predictors 

of neurologic deficits. Stroke. 2009;40(8):2783-2790.

 https://doi.org/10.1161/STROKEAHA.108.539775

Received: 05.04.16

The article by D.M. Galaktionov et al. is devoted to an im-

portant problem: evaluation of the role of preoperative emboli-

zation in increasing the effectiveness of the treatment of cere-

bral arteriovenous malformations (AVMs).

Cerebral AVM is one of the most complicated cerebrovas-

cular medical condition, which often requires a multidisci-

plinary approach in the treatment. There are few papers devot-

ed to the issues of combined treatment of AVM. Therefore, the 

studies in this area are of particular interest.

The study presents analysis of the results of treating pa-

tients with cerebral AVM using microsurgical and combined 

approaches (microsurgical resection after endovascular emboli-

zation). I think that the groups to be compared have not been 

formed quite correctly. A group of patients who initially had to 

undergo preoperative embolization with subsequent AVM re-

section was combined with a group who failed to achieve com-

plete endovascular AVM thrombosing (including multistage 

embolization). Therefore, microsurgical excision of the AVM 

was performed. In addition, it was often performed in a long 

period after embolization. This combined group is compared 

Commentary 

with the group that underwent only microsurgical interventions 

of AVM removal. Thus, the principle of selecting patients for 

combined interventions has been violated. Furthermore, when 

determining the complexity of surgical interventions, one 

should take into account not only the angioarchitectonics of 

malformation (the number of afferent arteries and drainage 

veins, their location and accessibility) but AVM localization as 

well. For example, AVM of the right frontal lobe with compli-

cated angioarchitectonics is technically easier to resect than the 

less complex malformations of the mediobasal regions of the 

temporal lobe. Determination of indications for preliminary 

endovasal shutdown of the deep afferents of the AVM and the 

associated malformation sector prior to its microsurgical re-

moval much depends on localization.

Nevertheless, such publications are important, since they 

reflect the current understanding of the need to coordinate the 

possibilities of endovasal technique with direct microsurgical 

interventions to alleviate technical problems that arise during 

AVM resection, increase the percentage of radical interventions 

and reduce the number of intraoperative complications.

Sh.Sh. Eliava (Moscow, Russia)


