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Background. Due to rare occurrence of distal cerebral aneurysms, there are very few publications devoted to endovas-
cular treatment. Due to current progress in the endovascular surgery, the number of successfully cured patients with
distal aneurysms has been increasing recently.

Aim. To determine technical capabilities and evaluate results of endovascular treatment of patients with distal intra-
cranial aneurysms.

Materials and methods. The work is based on analysis of data of endovascular treatment among 45 patients with distal
cerebral aneurysms in two neurosurgical departments of federal medical centers. Of the 45 analyzed cases 30 were
without aneurysm rupture and 15 were with rupture.

Results. Endovascular treatment of the distal aneurysms made it possible to achieve good treatment results (4-5 points
on the Glasgow Outcome Scale (GOS)) in 97.8 % of cases: 5 points on GOS - in 68.9 %, 4 points on GOS - in 28.4 %.
One (2.2 %) fatal outcome was obtained. The most frequent methods of embolization were embolization of aneurysm
by coils with stent assistance (37.8 %) and installation of a flow-diverter stent (28.9 %). Embolization with only coils
(20 %) or occlusion of parent artery (13.3 %) were used less frequently. In 3 out of 6 patients, the occlusion of parent
artery was not planned.

Conclusion. Development of endovascular surgery and technical capabilities of performing operations in the distal
cerebral arteries has made it possible to form a multidisciplinary approach to choosing the optimal method of shutting
off the distal aneurysm from the bloodstream, taking into account the modern possibilities of open surgery. This is

especially important for patients in serious condition due to ruptured aneurysm.
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INTRODUCTION

Current approach to treatment of distal cerebral aneu-
rysms is multimodal. The literature includes a sufficient
number of studies comparing different methods of treating
cerebral aneurysms [1—10], but due to the rare occurrence
and large anatomical and topographic heterogeneity of distal
cerebral aneurysms, there are no separate randomized studies
comparing the use of open and endovascular methods in the
treatment of such patients. The main methods of endovascu-
lar treatment of distal aneurysms are selective embolization
of the aneurysm with stent — or balloon-assisted coils, instal-
lation of a flow-diverter stent, and occlusion of parent artery
with coils [3, 8, 24]. The first 2 methods are reconstructive,
the third is deconstructive.

The distal location and anatomy of aneurysms did not
allow full use of endovascular methods until recently. The
main difficulties in endovascular embolization of distal
aneurysms were and still are complicated navigation and
stabilization of the microcatheter in the aneurysm cavity, as
well as the use of assistive techniques [3, 5, 6, 8, 11, 22].
However, these problems are almost eliminated with the
advent of the flow-diverter stents [16, 19, 23].

In addition, the previously cautious approach to use
endovascular techniques in the acute period of hemorrhage
is becoming a thing of the past with development of endo-
vascular techniques and pharmacological support for the
procedure. Endovascular treatment of distal aneurysms in
subarachnoid hemorrhage conditions, especially in patients
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in severe condition, showed better results in comparison
with the use of open surgery [1, 8—10, 15, 20].

The aim of the study was to determine the technical
capabilities and evaluate the results of endovascular treat-
ment of patients with distal cerebral aneurysms.

MATERIALS AND METHODS

Distal intracranial aneurysms include aneurysms loca-
ted in the distal parts of the large arteries of the carotid and
vertebrobasilar systems: aneurysms of the A2—A5-segments
of the anterior cerebral artery, the M2—M4-segments of the
middle cerebral artery (MCA), the P2—P4-segments of the
posterior cerebral artery (PCA), aneurysms of the cerebel-
lar arteries located more distal to the place where they arise
from the vertebral and basilar arteries.

The work is based on the analysis of results of endovas-
cular treatment of 45 patients with distal cerebral aneurysms
at the Federal Center for Brain and Neurotechnology of the
Federal Medical and Biological Agency of Russia during the
period from January 1, 2020 to December 31, 2021 (n = 6) and
at the Federal Center for Neurosurgery of the Ministry
of Health of Russia from January 1, 2014 to December 31,
2021 (n = 39).

The study included 10 men and 35 women aged from
29 to 78 years (median — 53 years). Among the admitted
patients, 15 (33.3 %) had a history of distal cerebral aneu-
rysm rupture, 5 (11.1 %) had pseudotumor and 5 (11.1 %)
had embolic type of clinical course. In 20 (44.4 %) patients,
the aneurysm was detected accidentally.

Seven patients with distal aneurysm rupture were ad-
mitted in the acute period (first 14 days) of hemorrhage, the
remaining 8 — in the delayed period. After subarachnoid
hemorrhage patients had lowered level of wakefulness from
moderate stunning to sopor in 60 % of cases (n =9). Hemor-
rhage from distal aneurysms was more often of types II and
IV according the C.M. Fisher scale — both were in 46.7 %
of cases, respectively. In the acute period of hemorrhage all
patients underwent surgery on the 1 day of admission to the
neurosurgical department of the Federal Center.

Surgical treatment of a patient with distal aneurysm was
discussed jointly by neurosurgeons and specialists in X-ray
surgical methods of treatment, while the method of closing
off the aneurysm depended on the presence of an aneurysm
rupture and its anatomy and topography.

Functional outcomes after endovascular treatment were
assessed using the Glasgow Outcome Scale (GOS) at the
time of hospital discharge.

Statistical data analysis was performed by the use
of personal computer with the MacOS Sierra operating
system (Apple Inc., USA) and the IBM SPSS Statistics v. 24
software (IBM Corp., USA). Descriptive nonparametric
statistical methods were used.

RESULTS
Anatomical and topographical characteristics. The distal
aneurysms that underwent endovascular treatment were

more often located on PCA (19 cases) and the pericallosal
artery (PA) (15 cases). In 8 cases, the aneurysms were lo-
cated in the distal segments of cerebellar arteries, while
in 3 cases — in MCA territory.

Thirty two (71.1 %) distal aneurysms had a saccular
structure, 13 (28.9 %) — were fusiform aneurysms. At the
same time, more than half (62.5 %) of saccular aneurysms
had a relatively wide neck (more than 3 mm). The size
of aneurysms varied from 2.2 to 29.3 mm: 0—7 mm —
in 55.6 % of cases, 7.1—-5 mm — in 33.3 %, 15.1-25 mm —
in 6.7 % and more than 25 mm —in4.4 %.1In 10 (22.2 %)
cases, the distal aneurysms were combined with aneurysms
of other localization and 2 patients had 2 distal aneurysms
on the same artery.

Methods of endovascular removal of distal aneurysms
from the bloodstream. Methods of endovascular removal
of distal aneurysms from the bloodstream are divided into
reconstructive and deconstructive ones. The most frequent
methods of embolization used in our work were aneurysm
embolization with stent-assisted coils and installation of
a flow-diverter stent (see Table).

Methods of endovascular shutdown of distal aneurysms from the bloodstream

Number
Methodology of patients, n (%)
Embolization with coils 9 (20)
Embolization with coils
and with stent-assisted 1737.8)
Installation of a flow-diverter stent 13 (28.9)
Occlusion of the parent artery by coils 6 (13.3)

As a rule, installation of a flow-diverter stent and em-
bolization with stent-assisted coils was used for non-rup-
tured distal aneurysms. For ruptured aneurysms, everything
depended on the location and technical availability of the
aneurysm for intravascular devices. We always tried to pre-
serve the parent artery and perform the most effective em-
bolization (class I and II according to the Raymond—Roy
classification), more often it was possible to do with the
help of coils using a removable assistive device. In 5 of 6
patients with Raymond—Roy class II embolization per-
formed in the acute period, during re-hospitalization after
3—7 months the embolization was supplemented with either
coils with a stent or the installation of a flow-diverter stent.
If it was impossible to perform reconstructive embolization
of the distal aneurysm in the acute period or if there were
technical difficulties, the parent artery was closed with coils.

In cases of non-ruptured distal aneurysms of PCA and
PA, the most effective treatment methods were the use
of coils with a stent or a flow-diverter stent (Fig. 1—4).
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Fig. 1. Embolization of the pericallosal artery (PA) aneurysm with stent assistance: a — cerebral angiogram (CAG), lateral projection; b — CAG, direct projection;
¢ — stent installation; d — embolization of PA aneurysm. 1 — PA; 2 — PA aneurysm; 3 — stent in the PA; 4 — microcatheter in the aneurysm cavity; 5 — coils

Fig. 2. Installation of a flow-diverter stent for pericallosal artery (PA) aneurysm: a — cerebral angiogram (CAG), lateral projection; b — installation of flow-
diverter stent; c — CAG, early arterial phase; d — CAG, late arterial phase. 1 — PA; 2 — aneurysm and stagnation of contrast agent in the aneurysm; 3 — flow-
diverter stent
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Fig. 3. Embolization of the posterior cerebral artery (PCA) aneurysm with stent assistance: a — cerebral angiogram, oblique projection; b — stent placement;

¢ — embolization with coils of the I aneurysm; d — embolization with coils of the 2 aneurysm. 1 — PCA; 2 — PCA aneurysms; 3 — stent in PCA; 4 — aneurysms
embolized by coils

Fig. 4. Installation of flow-diverter stent in case of aneurysm of the posterior cerebral artery (PCA): a — cerebral angiogram (CAG), direct projection; b —

installation of flow-diverter stent; c — CAG, direct projection, control 3 months later; d — CAG, lateral projection, control 3 months later. 1 — PCA; 2 — PCA
aneurysms; 3 — flow-diverter stent
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Fig. 5. Embolization by coils of the pericallosal artery (PA) aneurysm with rupture: a — cerebral angiogram (CAG), lateral projection; b — CAG, direct projection;
¢ — installation of microcatheter into the aneurysm cavity and introduction of coils; d — total embolization of PA aneurysm. 1 — PA; 2 — aneurysm
of A3 PA segment with narrow (1.8 mm) neck; 3 — microcatheter in the PA and aneurysm cavity; 4 — coils in the aneurysm cavity

Fig. 6. Embolization of distal aneurysm of the posterior cerebral artery (PCA) together with the parent artery: a — cerebral angiogram, oblique projection;
b—d — embolization by coils. 1 — aneurysm of the P4 segment of the PCA; 2 — coils in the aneurysm cavity
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Fig. 7. Embolization of distal aneurysms of the middle cerebral artery (MCA): a, b — embolization of the M2 segment MCA aneurysm using coils and stent;
¢, d — embolization of the M4 segment MCA aneurysm together with the parent artery. 1 — aneurysm of the MCA M2 segment; 2 — stent in the lumen of M2

segment; 3 — coils in the cavity of the M2 segment aneurysm; 4 — aneurysm of the MCA M4 segment; 5 — coils in the lumen of the MCA M4 segment
aneurysm

After embolization

Fig. 8. Embolization of distal cerebellar artery aneurysms: a — embolization of aneurysm of the P2 segment of the posterior inferior cerebellar artery with
preservation of the artery lumen; b — embolization of aneurysm of the S2 segment of the upper cerebellar artery with preservation of the artery lumen; c —

embolization of aneurysm A2 segment of the anterior inferior cerebellar artery with artery occlusion. Arrows indicate cerebellar artery aneurysms before and
after embolization
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Fig. 9. Results (outcomes) of endovascular treatment of distal aneurysms
of the brain (n = 45). GOS — Glasgow Outcome Scale

In case of ruptured aneurysms of PA and PCA, the use
of the above mentioned techniques is not always safe due
to risk of stent thrombosis and/or delayed occlusion of the
aneurysm. At the same time, modern achievements in phar-
macological disaggregant therapy and improvement of as-
sistive devices might reduce these problems to a minimum.
In our work, we used the coil embolization or occlusion
of the parent artery more often in cases of ruptured distal
aneurysms of PCA and PA (Fig. 5, 6).

In our study, the distal MCA aneurysms were embolized
only in 3 cases, which is due to greater availability and tradi-
tional approaches to treatment of these aneurysms by open
surgery. At the same time, the M2-segment of the MCA aneu-
rysms were successfully reconstructively embolized by the use
of coils with or without assisted techniques, and the M4-seg-
ment of the MCA aneurysm in a seriously ill patient was em-
bolized by the use of closure of the parent artery (Fig. 7).

The cerebellar artery aneurysms have a small diameter
and a tortuous course that also complicates endovascular
manipulations in their lumen. In our study, we performed
embolization of 8 distal cerebellar artery aneurysms: 2 of the
posterior inferior cerebellar artery, 3 of the anterior inferior
cerebellar artery and 3 of the superior cerebellar artery (Fig. 8).
Embolization of these aneurysms more often resulted in oc-
clusion of the parent artery (in 3 of 8 cases). At the same
time, only 1 patient with occlusion of the posterior inferior
cerebellar artery showed appearance of neurological symp-
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toms that almost completely regressed by the time of dis-
charge (GOS — 4 points).

Thus, the use of existing embolization techniques is
possible not only for typical proximal aneurysms, but also
for distal ones.

Results of endovascular treatment of distal aneurysms.
The results of surgical treatment, of course, depend not
only on the treatment method used, but also on the struc-
ture of the analyzed group of treated patients with distal
aneurysms. Given that patients are admitted to federal neu-
rosurgery centers either in the delayed period of hemor-
rhage or with unruptured aneurysms, the results of treat-
ment might predict to be better than in regional vascular
centers. In our study, only 7 of 15 patients with ruptured
distal aneurysm were admitted and treated (with emboliza-
tion) in the acute period of hemorrhage (during the first
14 days).

Good results of treatment in our work were obtained
in 97.8 % of cases (Fig. 9).

There was 1 fatal outcome as a result of rupture of the
PCA aneurysm during embolization and decrease in the
level of wakefulness after surgery to atonic coma.

The main types of neurological deficits at the time
of hospital discharge (4 points according to GOS) were
moderate coordination disorders after embolization of cer-
ebellar artery aneurysm, visual disturbances after emboli-
zation of PCA aneurysms, paresis (up to 4 points) as a result
of cerebral angiospasm after embolization of ruptured MCA
and PA aneurysms, and a slight decrease in the mnestic-in-
tellectual abilities after subarachnoid hemorrhage.

CONCLUSION

In the present work, we demonstrated the technical
capabilities of endovascular embolization of distal cerebral
aneurysms with good treatment outcomes. Development
of capabilities of endovascular surgery allows closing off
from the bloodstream those aneurysms which may be diffi-
cult to access during open surgery that is especially impor-
tant in patients with hemorrhage and those in serious con-
dition.

It is important to conduct a study of endovascular treat-
ment of distal cerebral aneurysms at the regional vascular
centers in cases of aneurysm rupture and compare the re-
sults of treatment with those after open surgery.

3’2023

Original report

163



3’2023

Original report

164

HEHPOXUPYPITUA ‘ Russian Journal of Neurosurgery
TOM 25 Volume 25

1. Panarin V.A., Krivoshapkin A.L., Orlov K.Yu. et al. Changing the literature review. Intervent Neuroradiol 2016;22(1):12—7.
strategy and outcomes of cerebral aneurysms management. DOI: 10.1177/1591019915617317
Patologiya krovoobrascheniya i kardiokhirurgiya = Circulation 13. Lubicz B., Leclerc X., Gauvrit J. et al. Endovascular treatment
Pahtology and Cardiac surgery 2012;16(3):35—8. (In Russ.). of peripherical cerebellar artery aneurysms. AINR Am J Neuro-
2. Landik S.A., Svistov D.V., Kandyba D.V., Savello A.V. radiol 2003;24(6):1208—13.
The comparative analysis of surgical outcomes after microsurgical 14. Lv X., Li Y., Jiang C. et al. Parent vessel occlusion for P2 dissecting
and endovascular treatment of cerebral aneurysms. Neyrokhirur- aneurysms of the posterior cerebral artery. Surg Neurol 2009;71(3):
giya = Neurosurgery 2009;1:16—22. (In Russ.). 319-25; discussion 325. DOI: 10.1016/j.surneu.2008. 01.047
3. Andreou A., Ioannidis 1., Mitsos A. Endovascular treatment 15. Tang J., Wei L., Li L. et al. Endovascular treatment of distal
of peripherical intracranial aneurysms. AINR Am J Neuroradiol posterior inferior cerebellar artery aneurysms. Neurosciences
2007;28(2):355—61. (Riyadh) 2016;21(3):236—40. DOI: 10.17712/nsj.2016.3.20160076
4. Molyneux A., Kerr R., Stratton I. et al. International Subarachnoid 16. Lauzier D.C., Root B.K., Kayan Y. et al. Pipeline embolization
Aneurysm Trial (ISAT) of neurosurgical clipping versus of distal posterior inferior cerebellar artery aneurysms. Interv
endovascular coiling in 2143 patients with ruptured intracranial Neuroradiol 2021;27(6):821—7. DOI: 10.1177/15910199211013195
aneurysms: a randomized trial. Lancet 2002;360(9342):1267—74. 17. Hall S., Steinfort B., Dexter M. Giant aneurysms of the distal
DOI: 10.1016/s0140-6736(02)11314-6 posterior inferior cerebellar artery — systematic review.
5. Ondra P, Coufalova L., Brada¢ O. et al. Safety and efficacy BrJ Neurosurg 2021:1—7. Ahead of print. DOI: 10.1080/
of surgical and endovascular treatment for distal anterior cerebral 02688697.2021.1950631
artery aneurysms: a systematic review and meta-analysis. World 18. Briganti E, Cicala D., Tortora E et al. Endovascular treatment
Neurosurg 2017;100:557—66. DOI: 10.1016/j.wneu.2016.11.134 of a giant dissecting aneurysm of the posterior cerebral artery. A case
6. Ondra P., Sejkorova A., Brada¢ O. Safety and efficacy of treatment report and literature review. Neuroradiol J 2012;25(6):695—701.
strategies for posterior inferior cerebellar artery aneurysms: DOI: 10.1177/197140091202500609
a systematic review and meta-analysis. Acta Neurochir (Wien) 19. Hou K., Lv X., Yu J. Endovascular treatment of posterior cerebral
2016;158(12):2415—-28. DOI: 10.1007/s00701-016-2965-3 artery trunk aneurysm: the status quo and dilemma. Front Neurol
7. Sejkorova A., Cihlat E, Hej¢l A. et al. Microsurgery 2022;12:746525. DOI: 10.3389/fneur.2021.746525
and endovascular treatment of posterior inferior cerebellar artery 20. Cavalcanti D.D., Abla A.A., Martirosyan N.L. et al. Endovascular
aneurysms. Neurosurg Rev 2016;39(1):159—68; discussion 168. management of distal ACA aneurysms: single-institution clinical
DOI: 10.1007/s10143-015-0659-6 experience in 22 consecutive patients and literature review. AINR
8. Wang H., Du R., Stary J. et al. Dissecting aneurysms of the Am J Neuroradiol 2013;34(8):1593—9. DOI: 10.3174/ajnr.A3408
posterior cerebral artery: current endovascular/surgical evaluation 21. Luo Q., Wang H., Xu K., Yu J. Endovascular treatments for distal
and treatment strategies. Neurosurgery 2012;70(6):1581-8; posterior cerebral artery aneurysms. Turk Neurosurg
discussion 1588. DOI: 10.1227/NEU.0b013e31824c00f4 2012;22(2):141-7. DOI: 10.5137/1019-5149.JTN.4079-11.0
9. Mascitelli J., Yaeger K., Wei D. et al. Multimodality treatment 22. Sturiale C.L., Brinjikji W., Murad M.H. et al. Endovascular
of posterior inferior cerebellar artery aneurysms. World Neurosurg treatment of distal anterior cerebral artery aneurysms: single-center
2017;106:493—503. DOI: 10.1016/j.wneu.2017.07.024 experience and a systematic review. AINR Am J Neuroradiol
10. Hui E, Schuette A., Moskowitz S. et al. Microsurgical and endovas- 2013;34(12):2317—20. DOI: 10.3174/ajnr.A3629
cular management of pericallosal aneurysms. J Neurointervent Surg 23. Cimflova P, Ozliik E., Korkmazer B. et al. Long-term safety
2011;3(4):319—-23. DOI: 10.1136/jnis.2011. 004770 and efficacy of distal aneurysm treatment with flow diversion
11. Baltacioglu E.,, Cekirge S., Saatci I. et al. Distal middle cerebral in the M2 segment of the middle cerebral artery and beyond.
artery aneurysms. Endovascular treatment results with literature J Neurointerv Surg 2021;13(7):631—6. DOI: 10.1136/
review. Interv Neuroradiol 2002;8(4):399—407. neurintsurg-2020-016790
DOI: 10.1177/159101990200800409 24. Park W,, Kwon D., Ahn J. et al. Treatment strategies for dissecting
12. Lv N., Zhou Y., Yang P. et al. Endovascular treatment of distal aneurysms of the posterior cerebral artery. Acta Neurochir (Wien)
middle cerebral artery aneurysms: report of eight cases and 2015;157(1):1633—43. DOI: 10.1007/s00701-015-2526-1

Authors’ contribution

1.V. Senko: research design development, data obtaining, processing and analysis, article writing;
V.S. Kisilev: data obtaining and analysis, scientific editing of the article;

A.O. Sosnov, P.D. Matveev: editing of the article;

A.M. Perfiliev, P.Yu. Ivanova: data obtaining and processing;

D.A. Rzaev: research design development.

ORCID of authors

L.V. Senko: https://orcid.org/ 0000-0002-5743-8279
V.S. Kisilev: https://orcid.org/0000-0002-7406-9874
A.M. Perfilyev: https://orcid.org/0000-0002-4065-5736
P.D. Matveev: https://orcid.org/0000-0002-1114-6238
D.A. Rzayev: https://orcid.org/0000-0002-1209-8960

Conflict of interest. The author declares no conflict of interest.
Funding. The study 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 received: 21.07.2022. Accepted for publication: 13.06.2023.


https://orcid.org/0000-0002-1114-6238

