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TREATMENT OF COMPLEX INTERNAL CAROTID ANEURYSMS

Abstract.

Introduction: Nowadays different treatment modalities used in the treatment of complex internal carotid artery
aneurysms.

Aims: Retrospectively evaluate the results of different treatment modalities other than direct clipping at single.

Design of the study: Retrospective cohort study.

Methods and Material: Clinical presentations, radiological data and outcomes of 64 patients with complex ICA
aneurysms evaluated. 15 patients were male, 49 were female with mean age 53 years old.

Results: Follow up period ranged from 3 to 96 months. Parent artery ligation was performed in 12 cases and
direct proximal clip placement in 1 case. Endovascular embolization of the aneurysm by coils was performed in
6 cases. Deployment of flow diverter device done in 13 cases. Combined strategy including preliminary bypass with
further parent artery occlusion applied in 23 cases. Endovascular occlusion of the parent vessel by coils was done in
9 cases. Surgical morbidity was 20,3%, mortality 3,1%. Outcomes were evaluated by Modified Rankin Scale.

Conclusion: Precise assessment of collateral cerebral blood flow is an important stage in the preoperative
planning. Despite new endovascular techniques, EC-IC bypass technique has very important role in the treatment of
complex aneurysm. Trapping the aneurysm is still effective and minimally invasive option in selected cases.
Combined team approach, with treatment modalities other than direct clipping for complex aneurysms can minimize
postoperative morbidity with good outcomes.

Key-words: complex aneurysms, internal carotid artery, EC-IC bypass, flow diverter devices.

Introduction. Despite new endovascular and surgical treatment options, complex intracranial
aneurysms are still a big challenge [1-5]. Complex aneurysms recognized as big or giant size, with broad
calcified neck, fusiform shape, intraluminal thrombus, branches arising from the aneurysm, athero-
sclerotic wall of the aneurysms, absence of collateral blood flow[1, 2, 4, 6-9]. These features make such
aneurysms difficult for direct surgical treatment with high level of morbidity and mortality [10-22].

For complex aneurysms, multidisciplinary, neurosurgical and interventional neuroradiology team
approach is necessary. The aim of the study was to retrospectively evaluate the efficacy, safety and
outcomes by methods other than direct clipping.

Subjects and Methods. We conducted retrospective study following experience at our department,
between July 2008 and December 2018 to estimate the results of treatment modalities. The review of
medical records found 64 patients who underwent endovascular, surgical and multimodality treatment.
We reviewed characteristics of aneurysms, treatment modalities, follow up data and results.

Patient’s characteristics. Using the criteria of complex aneurysms (table 1) 64 consecutive patients
with 64 aneurysms were included into the study. Among 64 patients 15(23,4%) were male, 49(76,6%)
were female. Patients age ranged between 19 and 72, with mean age of 53+11,4(Me£SD) years old.
Patient’s demographic data, clinical presentation, size and configuration of the aneurysm evaluated res-
pectively (table 2). Aneurysm sac size ranged between 11 to 51 mm, with mean size 30+£7,9 mm
(Me£SD). Size of the neck ranged between 4 to 30 mm, mean size was 10+5,3mm(Me+SD). In 7 cases
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fusiform configuration of the aneurysm was revealed. The most frequent location of the aneurysms was
paraclinoid (43,8%) and cavernous (35,9%) and aneurysms in the supraclinoid part were found in 20,3%.
We did not found significant difference between sex and aneurysm location. In 10(15,6%) cases patients
had a history of aneurysmal intracranial bleeding, in 54(84,4%) cases aneurysms were unruptured. Cranial
nerves palsy was the leading symptom in clinical presentation in 24(37,5%) cases, 23(35,9%) patients
suffered from headache and visual disturbance was found in 17(26,6%) cases.

Table 1 — Criteria for ICA complex aneurysm

Criteria for complex aneurysm Features
Size >11 mm
Neck >4 mm
Shape Regular/Fusiform
Atherosclerotic changes of parent artery, aneurysm dome and neck Yes/No
Intraluminal thrombus Yes/No
Absence of collateral blood flow Yes/No

Presence of >3 of listed factors make aneurysm complex.

Table 2 — Patient’s characteristics

Number of patients 64
Number of aneurysms 64
Mean age 53
Headache 23
Cranial nerves palsy 24
Visual disturbances 17
Ruptured/ Unruptured 10/54
Aneurysm size giant/large 56/8
Cavernous 25
Paraclinoid 21
Supraclinoid 18

Collateral cerebral blood flow assessed by routine balloon test occlusion. Patients treated by endo-
vascular intervention, parent artery occlusion, trapping the aneurysm by bypass surgery or combination of
listed methods. Clinical, radiological and angiographic follow up was available. Follow up period ranged
between 3-96 months. Outcomes of the treatment assessed by Modified Rankin Scale.

Treatment strategy. Treatment strategy was based on preoperative clinical, radiological and angio-
graphic examination by our multidisciplinary team. Flow chart of treatment strategy presented in table 3.
In our department, neurosurgeons are able to perform both microsurgical and endovascular cases. Preope-
rative assessment of collateral cerebral blood flow performed by double catheter balloon test occlusion.
Patients who did not tolerate 30 minutes temporary parent vessel occlusion with 15 minutes drug induced
hypotension selected for EC-IC bypass with further endovascular intervention or parent artery occlusion.
Selection for either low or high flow bypass done according to anatomy of collateral vessels. Low flow
bypass selected in cases when we had to protect of only one territory, such as middle cerebral artery. If
there were no any collateral arteries and necessity to cover two main ACA and MCA territories we
performed high flow bypass surgery. In some cases, during the angiography and BTO we observed
elevation and compression of Al or M1 segment by anecurysm dome. These patients also underwent
preliminary low flow bypass procedures even if they tolerated BTO. This strategy used because of awa-
reness of aneurysm thrombosis, growth and further compression of collateral arteries that could lead to
insufficiency of blood circulation and ischemic complications.
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Table 3 — Modified Rankin Scale at the time of discharge.

Modified Rankin Scale Patients number
0 17
1 32
2 8
3 5
4 0
5 0
6 2
Total 64

Surgical treatment included Hunterian parent artery ligation in 12 cases and direct trapping of the
aneurysm by proximal and distal clip placement in 1 fusiform aneurysm case. Endovascular embolization
of the aneurysm by coils with balloon or stent assistance was performed in 6 cases. In 13 cases we de-
ployed flow diverter devices. Combined strategy including preliminary bypass surgery with further sur-
gical or endovascular intervention was applied in 23 cases. Endovascular occlusion of the parent vessel by
coils was done in 9 cases.

Hunterian ligation performed in aneurysms located in the cavernous and paraclinoidpart of the ICA.
At our later experience, we started to occlude aneurysms located at the paraclinoid and supraclinoid
segments by coils at the origin of the ophthalmic artery. This technique implemented because of risk of
remnant filling of the aneurysm through external carotid artery system anastomosis.

Results. At the time of data collection, 54 patients (84%) were available for follow up. Follow up
period ranged between 3 to 96 months with mean period of 15 months. We observed significant preva-
lence of female patients among males, and mean age of male was lower than female. Immediate postope-
rative exclusion of the aneurysm from the circulation was achieved in 61 cases (95,3%). In two cases
there was a remnant filling of the aneurysm through meningeal anastomosis from the external carotid
artery. These aneurysms were located in the cavernous part of the ICA and did not require additional
treatment. Third patient underwent EC-IC bypass and parent artery ligation for ICA supraclinoid aneu-
rysm. On postoperative DSA there was a tiny retrograde filling of the aneurysm through ophthalmic
artery. He suffered subarachnoid hemorrhage after two weeks of discharge. He was readmitted to the
hospital and underwent additional endovascular embolization of parent artery and remnant aneurysm
through the anterior communicating artery. In the group of endovascular embolization with coils, one case
of giant aneurysm required second attempt due to significant recanalization of the sac. Combined strategy
using bypass procedures with further surgical or endovascular options were performed in 23 cases.
16 patients underwent single STA-MCA bypass, in 6 cases we have done high flow bypass using radial
artery graft, in 1 case we created double STA-MCA bypass. After creating an EC-IC bypass patients un-
dergone parent artery occlusion in 18 cases or deployment of flow diverter in 5 cases. Because of small
number of in stent thrombosis during our initial experience with flow diverter stent, we did protective
bypasses before stent deployment in cases of unfavorable anatomy, insufficient collateral cerebral blood
circulation and potential risk of parent artery occlusion due to stent thrombosis. Bypass patency was
evaluated using digital subtraction angiography. Early bypass occlusion, during 7 days after the procedure
occurred in 2 cases. The longest follow up of bypass patency is 60 months. Surgical associated permanent
morbidity occurred in 13 cases (20,3%), two patients (3,1%) died after endovascular stent assistant
embolization with coils due to the in stent thrombosis and severe ischemic stroke. At the time of discharge
from the hospital outcomes evaluated by Modified Rankin Scale (table 4). Modified Rankin Scale 0 and 1
observed in 49 cases, score 2 was in 8, in 5 cases patients were discharged with score 3. Two patients had
score 6. No new aneurysm formation detected. Among patients who were available for MRI follow up,
significant aneurysm size decrease observed in cases with parent artery occlusion.
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Table 4 — Flow chart of treatment strategy

ICA complex aneurysm (MRA, CTA)
[FT
BTO

Megative Positive

Hypoplasia or
stenosis of ACoM, Al.

Elevation ar
compression of A1,
kA1 by aneurysm EC-IC bypass
infraclinoid aneurysm supraclinoid
aneurysm inai
Infraclinoid aneurysm supraclinold
AMNELINFEm
Hunterian ; : i '
Endovascular lgation  Coowascular Hunter Endovascular
procedure(PAD by procedure Endovascular S PTLERAT procedure
coils,flow diverter) [PAC) at the origin - procedure(PA0 'gation [RACY at the origin
'} ¥ - -
of ophthalmic by coils, flow of ophthalmic
artery by coils, diverter) artery by colls,
flow diverter) flow diverter)

Discussion. The aim of the treatment of any aneurysm is a total exclusion from the blood circulation.
Treatment modalities for complex intracranial aneurysms located at the ICA are still an object for
discussion. Both microsurgical and endovascular techniques faces big challenges during the management
of these lesions. There are several causes, which are associated with poor outcomes, such as giant size of
the dome and neck of the aneurysm, fusiform or dolichoectatic shape, calcified atherosclerotic neck,
branches arising from the aneurysm. Such features make these lesions extremely difficult for direct
microsurgical clipping or endovascular embolization. However, we think that more aggressive approach
for complex aneurysms must be used due to the poor natural history.

According to our retrospective study, we have concluded the importance of multidisciplinary team
approach, including neurosurgical and interventional points. Preoperative precise radiological and angio-
graphic assessment of the aneurysm’s dome and neck configuration, presence of intraluminal thrombus
and branches arising from the aneurysm should be performed. Special attention to the cerebral collateral
blood flow, especially in cases with potential risk of the parent artery occlusion. BOT is a safe and
effective method to make a prognosis about tolerance in case of parent artery occlusion [23]. However,
there are some reports of ischemic complications even when patients tolerate the BOT [24-28].

In recent report, we performed BOT in all cases, which were scheduled for potential parent artery
occlusion. In case of absence of any collateral blood circulation BOT cancelled immediately and we
created high flow bypass. Another reason for declining the BOT was hypoplasia of Al segment of ACA,
compression of the A1 or M1 segment by the sac of the aneurysm. In such cases, we decided to create
protective low flow bypass. Our decision based on after the acute abruption of the flow in the parent
artery and aneurysm there is an increasing volume of the aneurysm due to the thrombosis, that may cause
further compression of the surrounding brain tissue and vessels, which may be the reason of ischemic
complications and worsening of neurological signs [29, 30]. We have our own experience when a patient
tolerated temporary balloon occlusion of the parent artery with further ICA sacrifice. Postoperatively we
observed severe neurologic deficit due to the insufficient collateral circulation, emergency EC-IC bypass
was performed and a patient did well after the surgery.

—— |4 ——
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Volume decrease of the aneurysm is an important factor, especially in cases with mass effect causing
neurological deficit. Parent artery occlusion is related with higher rate of aneurysm sac shrinkage and
improvement of symptoms caused by aneurysm size [31-33]. In our experience, among patients treated
with therapeutic parent artery endovascular or Hunterian ligation, we could detect significant aneurysm
size reduction.

In the past decades, endovascular occlusion of the aneurysms became the first line option in many
centers. Outcomes of endovascular treatment of aneurysms became better due to new instruments and
devices. However, in some series endovascular management of complex aneurysms is associated with still
high rates of recanalization, morbidity and mortality [34]. Introduction of new flow diverter devices
promises improvement of the results of endovascular methods. Deployment of flow diverter stents is
associated with low level of complications, higher occlusion rates in cases of regular shape aneurysms
[35]. Higher morbidity rates of flow diverter deployment occur in cases of complex, giant aneurysms with
wide neck [36-38]. In ourinitialseries we encountered technical issues, such as flow diverter migration,
stent thrombosis with further occlusion of the parent artery. These complications led to severe ischemic
stroke and death in 2 cases. According to this, in our later cases when we anticipated to deploy flow
diverter, we created protective bypass if there are no anterior and posterior communicating arteries.

Since the introduction of EC-IC bypass by Yasargil, treatment options for complex aneurysms
obtained new opportunities [39]. Trapping the aneurysm by microvascular anastomosis is commonly used
worldwide. Complex anatomy of the aneurysm makes complex aneurysms impossible for clipping or
endovascular methods. In such cases, EC-IC bypass with further parent artery occlusion sometimes is the
only treatment option. Recent reports demonstrated safety, high occlusion rates and long term bypass
patency [40]. Furthermore, described bypasses are used as rescue tool in situations of parent artery
occlusion and cerebral blood flow insufficiency [41]. At our center, preliminary EC-IC bypass with parent
artery occlusion was performed in 22 cases. Current report shows high rates of the aneurysm occlusion,
long term bypass patency, and acceptable level of morbidity. In this group, we did not experience any
mortality.

The strategy for parent artery occlusion is still controversial. In cases of ICA sacrifice, when the
aneurysm is located in the paraclinoid or supraclinoid part there is a risk of remnant flow through the

1'4'

Figure 1 — Female, 58 y.o. Giant aneurysm of the cavernous part of ICA. Ligation of the ICA was performed.
A, B, C preoperatively. Follow up after 6 months (D, E, F): aneurysm is occluded completely.
The size of the aneurysmdecreased significantly
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el
2
Figure 2 — Female, 36 y.o. Giant aneurysm of left paraclinoidICA (A, B ,C). STA-MCA bypass with endovascular occlusion

of ICA at the level of ophthalmic artery origin. MRI and DSA after 6 months demonstrates exclusion of the aneurysm,
volume decrease and bypass patency (D, E, F)

Figure 3 — Female, 51 y.o. with giant aneurysm of paraclinoid left ICA (A, B, C). High flow bypass
with endovascular occlusion of ICA. Follow up after 12 months (Pictures D, E, F):
exclusion of the aneurysm, bypass patency and aneurysm volume decrease

— 16 ——
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branches of external carotid artery. Vessels such as ophthalmic or meningohypophyseal trunk sometimes
can lead to significant aneurysm filling, with reported cases of rupture and aneurysm growth [42]. Our
experience with 15 patients when we performed parent artery occlusion in the cervical part of ICA with or
without creation of EC-IC bypass showed remnant filling of the aneurysm through ophthalmic artery only
in 3 cases. As described previously one of these patients suffered subarachnoid hemorrhage and under-
went another surgery. However, now the mechanism of this hemorrhage is not clear. Of course, some of
the paraclinoid aneurysms in our series we could perform clipping as well, but our early and midterm
follow up of surgical ligation or endovascular ICA occlusion showed good results and low rates of
complications.

Conclusion. Current article summarized data of patients with complex internal carotid artery
aneurysms treated at single center by methods other than direct clipping. According to our results, assess-
ment of collateral cerebral blood flow is an important stage in the preoperative planning. Major com-
plications in our study were associated with ischemia due to the insufficiency of cerebral circulation. We
conclude that whatever treatment option planned, one should pay precise attention to the potential risk of
major vessels occlusion. Even in the era of flow diverters, EC-IC bypass technique has very important
role in the complex aneurysm management. Parent artery occlusion is still effective and minimally
invasive option, but to estimate the results, we need longer follow up and comparison with other treatment
modalities. In cases with flow diverter devices risk of complications is higher in the aneurysms with very
wide neck, stenosis and severe tortuosity of parent artery. Combined team approach of surgical and
endovascular modalities for complex aneurysms can minimize postoperative morbidity and helps to
achieve good outcomes.
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"¥nrreiK Heltpoxupyprus Optanbirs”" AK, TaMbipiibl )koHe GYHKIHOHAIIBI HEHPOXUPYPrHst Oestimiect,
Acrana, Kazakcran

IIIKI KYPETAMBIPAbIH KYPJAEJII AHEBPU3MAJIAPBIH EMJIEY

Tyiiinaeme.

Kipicne: ka3ipri yakpITTa iIKi KypeTaMbIpABIH KYPAET aHEeBpH3MaJapblH eMACYNiH dpTYPIIi dmicTepi Koima-
HBLTYZIA.

Maxkcampi: Gip OpTaJBIKTa OPBIHAAIFAH TiKeJeH KIUICTeyAeH 0acka eMIeyaiH opTYpii 9micTepiHiH KOPBITHIH-
JIBIIAPBIH PETPOCIEKTHBTIK Oarasay.

3epmmey Ousaiinbl: PETPOCIIEKTUBTI MIOFBIPJIAMAIIBIK 3EPTTEY.

Odicmepi men mamepuandapsl. IIKi KypeTaMbIpABIH KYPIEi aHeBpU3Maliapbl Oap 64 ManueHTTIH PEHTTCHO-
JIOTHSUTBIK JIEPEKTEPI HKOHE eMJICY HOTHXKENIePl, KIIMHUKAIIBIK CYpeTi TaIaHAbl. 15 marueHT — ep agam, 49 maiuent —
oliernt ajiaM, OpTallla >Kackl 53 KacTbl KYpaJbl.

Homuoicenepi. Onepanysinan keiinri Oakpiiay kedeHi 3 aiiman Oacran 96 aiira meliHri Mep3imai Kypajbl.
12 xaFmaiia TachIMaJIAyIIbl apTEPHUSHBI XKAYBII TacTay JKoHE | Karmaija imIKi KypeTaMBIPIBIH MPOKCHMAJIbI
TiKelel KIWICTEy OPBIHAANABL. 6 jKarmaiiia MUKpPOCIHPaIbIaphIMEH aHEeBpU3MallapAblH SHIOBACKYISPIBIK dMOO-
TU3AIMACHl OpBIHAANABL. 13 KaFmalima arelHABI KaiTa OarbITTayIlbl CTEHTTI OpHATy OpBIHAANABL. 23 jKarmaiima
TacCBIMAJIAYIIBl APTEPHUSHBl KeWiHHEH OKKIIO3HMJIAyMEH AKCTpa-KpaHHWAaJAbl aHACTOMA3dbl aliAbIH-ala CalyJIbl
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KYpalTBIH OIpIKTipiireH CTpaTerus KOMTAHBUIABL. 9 Xarmaliga MHUKPOCHHpabIapbIMEH iIIKi KypeTambIpiIapablH
SHIOBACKYISIPIBIK OKKITFO3MACHIOPBIHAANAE. Omneparnusanan kerinri ackeiaymap 20,3%, emiM-xitim 3,1% Kypamsl.
Hotmxkenep PoHKHMHHIHA TYpIEeHIIPINTEH IIKaTackl OOWBIHIIA OaFaaHIbL.

Kopwvimeinowr. Komnarepanablk MUIBIH KaHaFbIMBIH Oarayiay orneparusi aljbHIarbl )KOCHapayIblH MaHbI3IbI
Ke3eHl Ooubin caHanazapl.)KaHa SHAOBACKYISPIBIK dicTepre KapamacTaH, Kyplesli aHeBpu3Maapibl emIeyie
IKCTpa-KpaHHaJIIbl aHACTOMA3 JJIICI MaHBI3IbI POl aTKapaibl. TachiMasmayibl apTePUsIHbl OKKIIIO3HS JKOJIBIMEH
aHCBPU3MaHbl OKKJIIO3UsIIAY OJIi JIe THUIMJI JKOHE IIaFblH WHBA3MSUIBIK emiiapa. Kypaeni aHeBpu3Maiapasl KITHIIC-
TeyneH Oacka OIpIKTIPUITeH TOMNTHIK TOCLT ONMEpanusaH KeHiHrl acKbIHYJIapbl OH HOTIDKEIN JKarmaiiapra JIeii
JKETKI3E aiaJibl.

Tyiiin ce3mep: Kyplen aHeBpH3Malap, iMIKi KypeTamblp apTepHsCHl, SKCTpa-HHTPaKpaHUAIIBl aHACTOMO3,
aFBIH]IBI KaliTa OaFBITTAYIIBI CTCHT.

A. Kaaues, E. Maxamb0eToB, E. Meneros, M. Kyaimup3saes, C. [liocem0aeB,
b. Kynakoaes, Y. Hypumanos, C. AkuyJIakoB

AO Hanmonanbhsiit Lentp Helipoxupypruu, otieneHne cocyAucToi U QyHKIMOHATBHOW HEUPOXUPYPTHUH,
Acrana, Ka3axcran

JEYEHME CJIOKHBIX AHEBPU3M BHYTPEHHEN COHHOM APTEPUM

AHHOTanusl.

Bsedenue: B HacTosiIIee BpeMsl IPUMEHSIOTCS Pa3IMYHbIE METO/IbI JICUCHHUSICIIOKHBIE aHEBPU3MBI BHYTpEHHEH
COHHOU apTEepHH.

L]env: peTPOCHEKTUBHO OLIEHUTH PE3YJIbTAaThl Pa3lNYHBIX METONOB JICUCHHUS, KPOME MPSIMOTO KIIHITUPOBAHHS
BBITIOJTHEHHBIX B OJJTHOM IIEHTPE.

Jusatin uccnedosanus: peTPOCIEKTUBHOE KOTOPTHOE UCCIIEJOBaHHUE.

Memoouvl u mamepuanvl. B TPOaHATM3UPOBAHBl KIMHWYECKAsIKAPTUHA, PEHITCHOJIOTHYECKHE AAHHbIE U
pe3ynbTaTHl JIedeHNs 64 MaFeHTOB COCIOKHBIMU aHeBpu3MaMu BCA. 15 manueHToB — MyXK4nHBL, 49 — KSHIIUHEI,
cpenHui Bo3pacT cocTaBmi 53 rona.

Pesynomamur. Ilepuon mociieonepalMOHHOrO HaONMOAEHHA cocTaBWiI OT 3 1o 96 MecsueB. Jlurupoanue
Hecylllel apTepru ObUIO BBINOJIHEHO B 12 cityyasix ¥ MpsMoe KIMIHpOBaHue npokcuMansHoro otaena BCA B 1 ciy-
yae. DH/IOBACKyJsIpHas SMOOJIM3aLUsl aHEBPU3Mbl MHUKPOCIHUpAIIMK OblIa BBHINNOJHEHa B 6 ciydasX. YCTaHOBKa
MOTOK TI€PEHAIpaBIAIONIero CTeHTa BHINIOJIHEHO B 13 ciydasx. KomOuHMpoBaHHas cTparerusi, BKIIOYAIOIIas Ipe-
BapUTEIbHOE HAJOKEHUE HKCTPA-MHTPAKPAHHAIBHOTO aHACTOMO3a C IOCIIeyIONel OKKIII03Hell Hecylel apTepuu,
mpuMeHeHa B 23 ciydasx. DHAOBACcKyIsIpHas OokkiIro3us BCA Mukpocmmpansmu BeIonHeHa B 9 cirydasx. [locme-
oTeparoHHbIe ocioXkHeHNs coctasuian 20,3%, nerambHOCTD 3,1%. Pesymbrarsl oneHHBaINCh MO MOAMGMHUINPO-
BaHHOH IIKane PoHkuHa.

3aknouenue. OueHKa KOJUIATEPAIbHOIO MO3TOBOTO KPOBOTOKA SIBJISIETCS. BA’KHBIM 3TAallOM IIPEAONEPALIOHHOTO
1aHupoBaHus. HecMOTpst Ha HOBBIE SHIOBACKYIIIPHBIE METOABI, METOA AKCTPa-UHTPAKPaHUAIBHOTO aHACTOMO3a HI'-
paeT 04YeHb BaXKHYIO POJIb B JICYCHUHU CIIOKHBIX aHEBpU3M. OKKITIO3HsI aHEBPU3M IIyTEM OKKIIIO3MU HeCyIlell apTepuu
Bce enle dPEeKTUBHA U MUHIMaJIbHO WHBAa3MBHAs Mpoleaypa. KoMOMHUPOBaHHBIN KOMaHIHBIH MOJX0M, KPOME TIpsi-
MOTO KIIMITUPOBAaHHS CJIOKHBIX aHEBPH3M, MOXET MHUHHMMH3MPOBATh I10CIEONEPAlMOHHBICOCIOKHEHHSI ¢ Oraro-
NPUSTHBIMH PE3YJbTaTaMH.

KioueBble ci10Ba: CII0XKHbIE aHEBPU3MBI, BHYTPEHHSSI COHHAs apTepHsl, SKCTpa-MHTpaKpaHUaIbHBIA aHacTo-
MO3, TIOTOK ITepEHANPABIISIOIINA CTEHT.
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