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Background. Surgical treatment of complex neurovascular pathology remains an important problem requiring use  
of a combination of various techniques. Utilization of a hybrid operating room allows to simultaneously or sequentially 
combine microsurgical and endovascular surgical methods which can improve treatment outcomes.
Aim. To improve surgical treatment of patients with cerebrovascular pathology by utilizing the capabilities of a hybrid 
operating room.
Materials and methods. Surgical interventions were performed in a hybrid operating room with a combination of endo‑
vascular and microsurgical methods for treating the following cerebrovascular pathologies: complex dural fistulas, 
complex aneurysms, arteriovenous malformations. The type of surgical intervention – hybrid, combined, staged – was 
chosen in accordance with the nature of the pathology.
Results. In 5 years, 41 patients underwent surgery in the hybrid operating room. Among them, 33 patients had arterio‑
venous malformations, 6 had complex aneurysms, 2 had complex dural fistulas. Combination interventions were performed 
in 27 patients, staged – in 12, hybrid – in 2. According to the Modified Rankin Scale (mRS) the following outcomes were 
observed: no complications in cases of complex aneurysms (6 patients) – mRS 0 (points), as well as in cases of dural fis‑
tulas (2 patients) – mRS 0 (points); in arteriovenous malformation, 30 patients did not have any complications – mRS 0, 
3 patients had complications (of different types) – mRS 1.
Conclusions. The combination of microsurgical and endovascular methods of treatment in a hybrid operating room 
allows to combine the positive features of the two methods in accordance with surgical needs which improves the 
outcomes of neurosurgical interventions in complex neurovascular pathology.
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IntrODuCtIOn
Currently, microsurgery (MS) and endovascular surge-

ry (ES) are considered effective treatment methods in vas-
cular neurosurgery [1, 2]. In the most complex cases, simul-
taneous or sequential use of these methods is required 
because complex approach allows to optimize solution of 
the pro blems which are impossible or difficult to solve using 
one of the methods. According to the Russian clinical 
guidelines “Diagnosis and treatment of arteriovenous mal-
formations of the central nervous system” (27.11.2014) and 
clinical guidelines on treatment of complex cerebral aneu-
rysms (14.10.2015), an integrated / hybrid operating room 
with possibility of performing simultaneous or sequential 
open and endovascular interventions is preferable. In the 
traditional approach, cases requiring combination of these 
methods imply surgical interventions under different anes-
thesias in different operating rooms which significantly 

complicates and prolongs treatment process. To combine 
these methods, it is expedient to use a hybrid operating 
room containing equipment allowing for simultaneous or 
sequential performance of endovascular and MS operations 
without patient transfer into another operating room and 
prolongation of anesthesia [3–7]. Therefore, in the most 
complex variants of cerebrovascular disorders, integrating 
efforts of micro- and endovascular surgeons in one operat-
ing room minimizes the limitations of each method and 
improves outcomes as was confirmed by research [8–13].

It is expedient to utilize the capabilities of a hybrid 
operating room in development of such intraoperative com-
plications as cerebral aneurysm rupture (CA) and arterio-
venous malformations (AVM) when it is necessary to quickly 
change surgical method and time delays can significantly 
worsen treatment outcomes. The authors describe the ef-
fectiveness and favorable outcomes as a result of quick 
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change of the type of surgical intervention in a hybrid op-
erating room during intraoperative CA ruptures and AVM 
[7, 11, 14, 15].

The article describes our own results of surgical treat-
ment of cerebrovascular disorders with description of clin-
ical cases, as well as a classification of interventions in a 
hybrid operating room depending on the method of surgical 
techniques combination.

The study objective is to improve surgical treatment  
of patients with cerebrovascular pathology by utilizing 
the capabilities of a hybrid operating room.

materIalS anD methODS
A hybrid operating room where in sterile conditions 

various types of open interventions can be performed is 
equipped with a multiaxial robotized angiography system 
and an X-ray transparent operating table for ES. An intel-
lectual system of robotized C-arm positioning allows to 
obtain 2D CA images in almost any projection and to per-
form 3D angiography and flat-detector computed tomo-
graphy (CT). Hybrid operating room equipment allows to 
move the C-arm in different parking positions freeing ad-
ditional space for patient access.

In treatment of complex dural fistulas (DF), neurosur-
gical access directly to the fistula cavity was performed: 
craniotomy with subsequent DF puncture allowing for 
placement of an endovascular catheter and fistula isolation.

At the 1st stage of treatment of complex CAs, a bypass 
was formed. At the 2nd stage (after evaluation of shunt po-
tential using balloon occlusion test (BOT) with manometry 
and angiographic evaluation of condition of the collateral 
vessels, electrophysiological monitoring), destructive oc-
clusion of CA and / or, if necessary, carrying artery was per-
formed.

In surgical treatment of AVM, at the 1st stage partial 
endovascular embolization was performed. At the 2nd stage, 
MS removal of AVM with subsequent control cerebral an-
giography for evaluation of the surgery results was per-
formed.

The type of surgical intervention was decided depend-
ing on the type of pathology.

• Type I – hybrid surgery: joint and simultaneous use of MS 
and ES under singular anesthesia; in this group, inter-
vention type is planned prior to surgery;

• Type II – combination surgery: surgeries are performed 
under one anesthesiologic aid with sequential use of MS 
and ES; different anesthesias can be used but singular 
general anesthesia decreases the risk of complications;

• Type III – staged: separation of ES and MS stages, can 
performed under different general anesthesias; in this 
intervention group, simultaneous use of the 2 methods 
under one anesthesia does not carry any benefits.
Preliminary allocation of surgeries into surgical types 

II and III was performed prior to surgical intervention based 

Fig. 1. MRI of the brain: а – axial projection, Т2; b – frontal projection, Т2-weighted; c – sagittal projection, Т1-weighted; d – MR angiography, TOF; 
1 – contrasted part of the cerebral aneurysm (CA); 2 – thrombosed part of the CA
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formed based on the results of the 1st treatment stage.

reSultS
In 5 years of hybrid operating room utilization, 41 sur-

gical interventions were performed: 33 for cerebral AVM, 
6 for CA, 2 for complex DF (Table. 1).

For the 2 cases of complex DF, hybrid intervention 
(type I) was used. In 33 AVM cases, 25 patients underwent 
combination (II) surgery, 8 patients underwent staged (III) 
surgery. In 6 cases of complex CA, 4 patients underwent 
combination (II) surgery, 2 patients underwent staged (III) 
surgery.

Tablе 1. Distribution of operations per surgery combinations

Pathology

Number of operations

Type I 
(hybrid) 

Type II 
(combination) 

Type III 
(staged) 

AVM  – 25 8

Complex CAs  – 2 4

DF 2  –  – 

Total 2 27 12

Note. AVM stands for arteriovenous malformation; CAs – cere-
bral aneurysm; DF – dural fistula.

Table. 2 presents the outcomes of surgical interventions. 
In the postoperative period, no complications were observed 
in cases of complex CAs and DFs. The results of surgeries 
for treatment of AVM varied according to the Modified 
Rankin Scale (mRS):

Tablе 2. Outcomes of surgical interventions per the Modified Rankin Scale

Pathology mRS 0 mRS 1

AVM 30 3

Complex CAs 6  – 

DF 2  – 

Total 38 3

Note. See Note for Table 1.

• 
• no complications (mRS 0) in 30 patients with cerebral 

AVMs;
• insignificant complications not affecting quality of life 

(mRS 1) in 3 patients with AVMs;
• transitory hemiparesis which regressed at discharge time – 

in 1 patient after removal of AVM of the central gyri;
• intraoperative AVM rupture at the stage of endovascular 

embolization – in 1 patient; intracerebral hematoma 
and malformation were removed simultaneously; in the 
postoperative period, the patient developed hemiparesis 
(4 points), during rehabilitation therapy, positive dy-

namics in partial regression of hemiparesis was observed 
to 3 points;

• partial loss of fields of vision in the form of quadran-
tanopia – in 1 patient.

ClInICal example nO. 1
Female patient, 42 years old, complained of increasing 

headaches. Magnetic resonance imaging of the brain (MRI) 
showed a giant partially thrombosed CA of the left middle 
cerebral artery (MCA) (Fig. 1). Angiography performed using 
spiral computed tomography (SCT) and preoperative selective 
cerebral angiography of the cerebral vasculature showed the 
following main features of CA structure (Fig. 2, 3):

• transposition of the frontal branch of the superficial tem-
poral artery (STA) from the М1-segment of the left MCA 
to the CA pouch located on the lateral MCA wall;

• dolichoectatically expanded parietal branch (M2-seg-
ment) diverged from the CA cavity and further significantly 
narrowed.
Because CA was giant and thrombosed, complications 

during MS and ES were possible, and a decision of using the 
hybrid operating room was made. Considering CA structural 
characteristics (pathological expansion of the parietal trunk 
with subsequent pronounced stenosis, presumably satisfactory 
collaterals between the MCA and anterior cerebral artery 
(ACA) basins, blood supply of the functionally important area 
of the left temporal lobe through STA), a variant of trapping of 
the M1-segment with preservation of the anterior temporal 
branch and full exclusion of the CA pouch with the parietal 
branch from the blood flow was considered. Intraoperative 
evaluation of collateral blood supply using BOT was planned. 
In case of insufficient collateral supply, anastomosis at the 
MCA parietal branch basin was intended.

In the conditions of hybrid operating room under general 
anesthesia, at the 1st stage cerebral angiography, BOT con-
firmed satisfactory collateral blood flow between the ACA and 
MCA basins and intraoperative neurophysiological monitoring 
showed no decrease in motor potentials (Fig. 3 b, c). The ob-
tained data allowed to avoid bypass. Pterionatal osteoplastic 
trepanation with subsequent MS trapping of the MCA M1-seg-
ment with STA sparing allowed to exclude CA and pathologi-
cally altered parietal trunk from the blood flow. At the final 
stage of the surgery, control cerebral angiography was per-
formed. Imaging showed that CA was not contrasted, blood 
flow in the frontal, parietal, temporal and occipital lobes was 
sufficient due to anastomosis, and blood flow of the left tem-
poral lobe was satisfactory due to STA (Fig. 3 d). Postoperative 
period did not have any complications, neurological status was 
at the preoperative level (mRS 0). The case was classified as 
type II combination surgical intervention.

ClInICal example nO. 2
In 2012, the patient underwent partial endovascular AVM 

embolization; subsequently, the patient developed generalized 
seizures. Drug therapy did not entirely manage seizures. Ex-
amination showed AVM of the right frontal lobe (larger than 
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Fig. 2. SCT-angiography of cerebral vasculature: ACA – anterior cerebral artery; ICA – internal carotid artery; 1 – contrasted part of the cerebral aneurysm 
(CA); 2 – anterior temporal artery; 3 – M1-segment of the left middle cerebral artery (MCA); 4 – site of the planned trapping of the MCA M1-segment; 5 – 
parietal trunk of the MCA with significant stenosis

ACA

ICA

Fig. 3. Cerebral angiography: а – preoperative cerebral angiography, frontal projection; b – intraoperative balloon occlusion test; c – assessment of collateral 
blood flow after balloon occlusion of the middle cerebral artery (MCA); d – control cerebral angiography after aneurysm clipping; ACA – anterior cerebral 
artery; M1, M2 – segments of the MCA; ATA – anterior temporal artery; AC – the area of collaterals between the ATA and MCA
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5 cm) in a functionally important area due to compression of 
the genu of the corpus collosum (Fig. 4) with afferents from the 
basins of the right ACA, MCA, superficial and deep outflow 
into the superior, transverse, straight and cavernous sinuses, 
basal veins (Fig. 5 а, b). Per the Spetzler–Martin grading 

system (taking into account AVM size, its location relative to 
functionally important areas of the brain and characteristics 
of blood draining), AVM is grade III (SM).

At the 1st stage, AVM was partially endovascularly embo-
lized through accessible largest afferents of the right MCA and 
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nificant decrease in blood flow at the lesion and slowing of 
blood flow in the largest malformation vein were observed. 
Filling of AVM remained through small MCA and ACA branch-
es on the right inaccessible for endovascular embolization. 
Considering impossibility of achieving the stated goals using 
ES (total embolization of small AVM afferents) and sufficient 
time for MS treatment, we decided to perform MS removal. 
Without transfer into another operating room and under sin-
gular anesthesia, malformation was totally removed using MS. 
Control cerebral angiography was performed confirming rad-
ical nature of the surgery (Fig. 6). Postoperative period did not 
have any complications, neurological status of the patient re-
mained on the preoperative level (mRS 0). This case was 
classified as type II combination surgical intervention.

DISCuSSIOn
Surgical treatment of neurovascular pathologies in-

volves endovascular and microsurgical approaches. There 

are some pathologies requiring combination approach using 
both ES and MS. Limitation of combination of the two 
approaches is the necessity of patient transfer into another 
operating room and repeat anesthesia [16–19]. Use of a hy-
brid operating room allows to perform a combination of ES 
and MS without these limitations [9, 12, 13].

The main objective of combination surgery in a hybrid 
operating room in complex CAs was to maximally decrease 
the risk of complications through combination of placement 
of vascular bypasses with subsequent endovascular exclusion 
of CA or carrying vessel after BOT. Operating procedure for 
combination of the 2 methods was developed and was de-
scribed in depth by M. T. Lawton et al. [19, 20]. S. C. Shen 
et al. arranged surgical interventions over several days and 
performed them in different operating rooms under differ-
ent anesthesias which could increase the risk of anastomo-
sis thrombosis [21].

In a series of surgeries for complex CAs in the hybrid 
operating room of our clinic, part of combination interventions 

Fig. 5. Selective cerebral angiography: а – frontal projection of the arterial phase; b – frontal projection of the venous phase (blue arrows show draining veins 
of the arteriovenous malformation (AVM)); c – embolized and filled parts of the AVM; MCA – middle cerebral artery; ACA – anterior cerebral artery; 
1 – embolized part of the AVM; 2 – contrasted part of the AVM

Fig. 4. Brain MRI: а – sagittal projection, T1-weighted; b – axial projection, T2-weighted

a b

5.2 cm
4.6 cm

a b c

ACAMCA



129

нейрохИрургИЯ
тоМ 24  Volume 24

russian journal of neurosurgery

4’
 2

02
2

O
rig

in
al

 re
po

rt

was performed under a single anesthesia which allowed to 
perform control examination intraoperatively, prevent pos-
sible thrombosis, decrease risks of repeat anesthesia [22]. 
The goal of combination resection of cerebral AVM in the 
hybrid operating room was decreased intraoperative risk of 
AVM hemorrhage due to partial endovascular embolization 
prior to MS resection. Similar problems have been solved 
in various articles from Swiss and Russian clinics [9, 23]. In 
one of our cases, intraoperative AVM rupture happened 
during endovascular embolization. Because there was no 
necessity in transferring the patient to another operating 
room, intracerebral hematoma was evacuated, and AVM 
resected without patient transportation. Specialists of a cli nic 
in Japan [21] noted the possibility of switching from ES to 
MS during intraoperative AVM rupture during endovascu-
lar embolization which can significantly improve the out-
come of surgical treatment.

Most of DFs can be effectively and minimally inva-
sively operated on using ES [24]. However, in cases when 
endovascular access is absent and MS resection is impos-
sible, hybrid intervention is the only option for DF treat-
ment. Various authors note the benefits of using a hybrid 
operating room when MS access to DF allows to simultane-
ously endovascularly exclude the fistula [12, 15, 21, 22].

The question of planning the scope and type of surgical 
intervention depending on neurovascular pathology com-
plexity is insufficiently discussed in the scientific literature. 
Thus, the authors classified surgical patients into groups  
of combination intervention, auxiliary techniques, and stereo-
taxic surgeries [15]. The goal of this classification is to deter-
mine cases requiring the use of a hybrid operating room.

We have developed an alternative algorithm of classify-
ing surgery types into groups to standardize the selection  

of treatment tactics for patients with neurovascular pa-
thologies. Depending on the variant of surgical method 
combination, we propose 3 types of surgical treatment: 
I – hybrid, II – combination, III – staged.

Type I – hybrid surgeries: MS and ES are performed 
simultaneously under 1 general anesthesia, division into 
stages or separate surgeries is impossible. Type of operative 
intervention in this group is planned prior to surgery based 
on neuroimaging and patient medical history. In our series, 
complex DF was treated using hybrid approach after unsuc-
cessful attempts at MS resection and endovascular emboli-
zation. After MS access, embolizate was introduced di-
rectly into the fistula in the open brain.

Type II – combination surgery: MS and ES are per-
formed under 1 general anesthesia which increases treat-
ment effectiveness and decreases the risk of complications. 
In this group, the decision on the type of intervention is 
made prior to surgery based on neuroimaging data and is 
confirmed during the surgery. Intraoperatively, time neces-
sary for the 1st type of surgery and the level of achieving the 
planned surgical scope are evaluated. An example of this 
(II) type is a case of AVM surgery presented in this article 
(example No. 2). After ES, significant decrease of blood 
flow in the AVM body, slowing of the flow in the main 
draining vein, absence of access necessary for total AVM 
embolization were observed. This situation had a high risk 
of AVM rupture in case of staged treatment. The optimal 
solution was MS resection which increased the effectiveness 
of the surgery and decreased the risk of AVM rupture be-
tween the surgeries, decreased the stress of repeat anesthe-
sia, radiation, and contrast agent administration.

Type III – staged interventions: surgeries under one 
general anesthesia do not affect the treatment effectiveness. 

Fig. 6. Intraoperative control cerebral angiography: a – frontal projection; b – lateral projection; 1 – avascular area of the removed arteriovenous malformation 
(AVM); 2 – residual parts of the embolizate

a b
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AVM. Though at first total AVM resection under 1 general 
anesthesia was planned, ES stage took more than 3 hours 
and the planned goal of decreasing blood flow into the AVM 
was not achieved. Risks of intraoperative hemorrhage dur-
ing MS remained. Continuation of embolization could lead 
to increased operating time and staff fatigue. After 7 days, 
at the 2nd stage embolization was completed and AVM was 
radically removed.

We have developed this classification to simplify preopera-
tive planning. Planning of combination surgeries of different 
types requires continued research with accumulation of more 
operating material. It will open the possibility for development 
of an optimal algorithm of patient classification per treatment 
types, as well as speed up the process of decision making, in-

crease treatment effectiveness, improve outcomes, and de-
crease the cost of material and human resources.

COnCluSIOnS
Combination of MS and ES in a hybrid operating 

room allows to unite their positive characteristic: minimal 
invasiveness of endovascular method and radicalness 
of microsurgical method. Treatment in a hybrid operating 
room allows to expand capabilities of intraoperative imaging 
and monitoring. Classification of surgeries into types 
of combination interventions will allow to standardize 
preoperative planning reducing decision making time, 
improve outcomes of surgical interventions. Accumulation 
of a large volume of data is required for a deeper comparative 
analysis of treatment methods in various operating rooms.

1. Campos J.K., Lien B.V., Wang A.S., Lin L.M. Advances 
in endovascular aneurysm management: coiling and adjunctive 
devices. J Stroke Vasc Neurol 2020;5(1):14–21. DOI: 10.1136/svn-
2019-000303

2. Luzzi S., del Maestro M., Galzio R. Microneurosurgery for 
paraclinoid aneurysms in the context of flow diverters. J Acta 
Neurochir Suppl 2021;132:47–53. DOI: 10.1007/978-3-030-
63453-7_7

3. Fong Y.W., Hsu S.K., Huang C.T. et al. Impact of intraoperative 
3-dimensional volume-rendering rotational angiography on clip 
repositioning rates in aneurysmal surgery. World Neurosurg 
2018;114:e573–80. DOI: 10.1016/j.wneu.2018.03.035

4. Armonda R.A., Thomas J.E., Rosenwasser R.H. The interventional 
neuroradiology suite as an operating room. Neurosurg Clin N Am 
2000;11(1):1–20. DOI: 10.1016/S1042-3680(18)30142-6

5. Calligaro K.D., Dougherty M.J., Patterson D.E. et al. Value  
of an endovascular suite in the operating room. Ann Vasc Surg 
1998;12(3):296–8. DOI: 10.1007/s100169900157

6. ten Cate G., Fosse E., Hol P.K. et al. Integrating surgery 
and radiology in one suite: a multicenter study. J Vasc Surg 
2004;40(3):494–9. DOI: 10.1016/j.jvs.2004.06.005

7. Dammann Ph., Jagersberg M., Kulcsar Z. et al. Clipping 
of ruptured intracranial aneurysms in a hybrid room environment – 
a case-control study. Acta Neurochir (Wien) 2017;159(7):1291–8. 
DOI: 10.1007/s00701-017-3212-2

8. Mori R., Yuki I., Kajiwara I. et al. Hybrid operating room  
for combined neuroendovascular and endoscopic treatment 
of ruptured cerebral aneurysms with intraventricular hemorrhage. 
World Neurosurg 2016;89:727.e9–12. DOI: 10.1016/j.wneu. 
2016.01.010

9. Gruter B.E., Mendelowitsch I., Diepers M. et al. Combined 
endovascular and microsurgical treatment of arteriovenous 
malformations in the hybrid operating room. World Neurosurg 
2018;117:e204–14. DOI: 10.1016/j.wneu.2018.05.241

10. Lukshin V.A., Usachev D.Yu., Pronin I.N. et al. Criteria of the 
efficacy of surgical brain revascularization in patients with chronic 
cerebral ischemia. Zhurnal voprosy neirokhirurgii im. N.N. Bur-
denko = Burdenko’s Journal of Neurosurgery 2016;80(2): 
53–62. (In Russ.). DOI: 10.17116/neiro201680253-62

11. Fong Y.W., Hsu S.K., Huang C.T. et al. Impact of intraoperative 
3-dimensional volume-rendering rotational angiography on Clip 
Repositioning Rates in aneurysmal surgery. World Neurosurg 
2018;114:е573–80. DOI: 10.1016/j.wneu.2018.03.035

12. Liao C.H., Chen W.H., Lee C.H. Treating cerebrovascular diseases 
in hybrid operating room equipped with a robotic angiographic 

fluoroscopy system: level of necessity and 5-year experiences. Acta 
Neurochir (Wien) 2019;161(3):611–9. DOI: 10.1007/s00701-018-
3769-4

13. Sergeev A., Savello A., Cherebillo V. et al. Sequential approach 
of internal maxillary-to-middle cerebral artery bypass and 
endovascular occlusion for giant middle cerebral artery aneurysm:  
a case report. Egypt J Neurol Psychiatry Neurosurg 2021;57:35. 
DOI: 10.1186/s41983-021-00288-2

14. Murayama Y., Saguchi T., Ishibashi T. et al. Endovascular operating 
suite: future directions for treating neurovascular disease. J Neuro-
surg 2006;104(6):925–30. DOI: 10.3171/jns.2006.104.6.925

15. Jeon H.J., Lee J.Y., Cho B.M. et al. Four-year experience using 
an advanced interdisciplinary hybrid operating room: potentials 
in treatment of cerebrovascular disease. J Korean Neurosurg Soc 
2019;62(1):35–45. DOI: 10.3340/jkns.2018.0203

16. Vinuela F., Dion J.E., Duckwiler G. et al. Combined endovascular 
embolization and surgery in the management of cerebral 
arteriovenous malformations: experience with 101 cases. 
J Neurosurg 1991;75(6):856–64. DOI: 10.3171/jns.1991.75.6.0856

17. Dubovoi A.V., Ovsyannikov K.S., Moisak G.I. Complex aneurysm 
of M1 segment of left middle cerebral artery – the case of successful 
treatment. Neyrokhirurgiya = Russian Journal of Neurosurgery 
2016;2:47–51. (In Russ.). DOI: 10.17650/1683-3295-2016-0-2- 
47-51

18. Galaktionov D.M., Dubovoy A.V., Kiselev V.S. et al. Combination 
treatment of cerebral arteriovenous malformations using 
endovascular and microsurgical techniques. Zhurnal voprosy 
neirokhirurgii im. N.N. Burdenko = Burdenko’s Journal 
of Neurosurgery 2017;81(4):26–32. (In Russ.). DOI: 10.17116/
neiro201781426-32 

19. Lawton M.T., Quinones-Hinojosa A., Sanai N. et al. Combined 
microsurgical and endovascular management of complex 
intracranial aneurysms. Neurosurgery 2008;62(6 Sopple 3):1503–
15. DOI: 10.1227/01.neu.0000333814.02649.a0

20. Murayama Y., Arakawa H., Ishibashi T. et al. Combined surgical 
and endovascular treatment of complex cerebrovascular diseases 
in the hybrid operating room. J Neurointerv Surg 2013;5(5):489–
93. DOI: 10.1136/neurintsurg-2012-010382

21. Shen S.C., Tsuei Y.S., Chen W.H., Shen C.C. Hybrid surgery  
for dural arteriovenous fistula in the neurosurgical hybrid operating 
suite. BMJ Case Rep 2014;2014(2): bcr2013011060. DOI: 10.1136/
bcr-2013-011060

22. Sergeev A.V., Tastanbekov M.M., Savello A.V. et al. Intraoperative 
diagnostics of vascular diseases of the brain in a hybrid operating 
room. Rossiiskii neirokhirurgicheskii zhurnal im. professora  

 r e f e r e n c e s



131

нейрохИрургИЯ
тоМ 24  Volume 24

russian journal of neurosurgery

4’
 2

02
2

O
rig

in
al

 re
po

rt

Author’s contribution
A.V. Sergeev: obtaining data for analysis, article writing, data statistical analysis;
V.Yu. Cherebillo: research idea and design of the study, editing of the article;
A.V. Savello: research idea and design of the study, editing of the article;
F.A. Chemurzieva: obtaining data for analysis.

ORCID of authors
A.V. Sergeev: https://orcid.org/0000-0002-7603-5838
V.Yu. Cherebillo: https://orcid.org/0000-0001-6803-9954
A.V. Savello: https://orcid.org/0000-0002-1680-6119
F.A. Chemurzieva: https://orcid.org/0000-0002-1461-0286

Conflict of interest. The author declares no conflict of interest

Funding. The work was performed without external funding.

Compliance with patient rights and principles of bioethics. All patients gave written informed consent to participate in the study.

Article submitted: 29.03.2022.  Accepted for publication: 07.09.2022. 

A.L. Polenova = Russian Neurosurgical Journal named after 
professor A.L. Polenov 2021;13(4):85–93. (In Russ.).

23. Shekhtman O.D., Maryashef S.A., Eliava S.H. et al. Combined 
treatment of cerebral arteriovenous malformations. Experience 
of the Burdenko Neurosurgical Institute. Zhurnal voprosy 
neirokhirurgii im. N.N. Burdenko = Burdenko’s Journal 

of Neurosurgery 2015;79(4):4–18. (In Russ.). DOI: 10.17116/
neiro20157944-18 

24. Dabus G., Kan P., Diaz C. et al. Endovascular treatment of anterior 
cranial fossa dural arteriovenous fistula: a multicenter series. 
J Neuroradiology 2021;63(5):259–66. DOI: 10.1007/s00234-020-
02536-3


