ISSN 2224-5308 Series of biological and medical. 1. 2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF BIOLOGICAL AND MEDICAL
ISSN 2224-5308
Volume 1, Number 331 (2019), 11 - 20 https://doi.org/10.32014/2019.251-1629.2

A. Kaliyev, Ye. Makhambetov, Ye. Medetov, M. Kulmirzayev,
S. Dusembayev, B. Kunakbayev, Ch. Nurimanov, S. Akshulakov

JSC “National Centre for Neurosurgery”, Department of vascular and functional neurosurgery,
Astana, Kazakhstan.
E-mail: assylbek789(@yahoo.com; yermakh@gmail com; yerkin. medetov@gmail .com;
marat kulmirzayev(@gmail.com; dr.serik@gmail.com; kunakbaevb@gmail.com;
chingiz_nurimanov(@mail.ru; raim@rambler.ru

TREATMENT OF COMPLEX INTERNAL CAROTID ANEURYSMS

Abstract.

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

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 motbidity with good outcomes.

Key-words: complex ancurysms, 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 modalitics. 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 ancurysms 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) vears old.
Patient’s demographic data, clinical presentation, size and configuration of the ancurysm 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 e¢ither 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 cercbral 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
clevation and compression of Al or M1 segment by ancurysm 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 ancurysm 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 ancurysm through meningeal anastomosis from the external carotid
artery. These ancurysms 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 ancu-
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 ancurysm 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
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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 A1 segment of ACA,
compression of the Al 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 ancurysm
size reduction.

In the past decades, endovascular occlusion of the ancurysms became the first line option in many
centers. OQutcomes of endovascular treatment of ancurysms 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 ancurysms
obtained new opportunities [39]. Trapping the ancurysm 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 ancurysm 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

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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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
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branches of external carotid artery. Vessels such as ophthalmic or meningohypophyseal trunk sometimes
can lead to significant ancurysm 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 ancurysms can minimize postoperative morbidity and helps to
achieve good outcomes.
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A, Kammeg, E. Maxaméertos, E. Meaeros, M. Kyavmp3saes, C. {rocemdaen,
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"¥arreik Hetipoxupy privt Opransrsr” AK, TaMbIpiis! sxoHe ()Y HKIMOHAIIBI HEHPOXHUPY Pritst OexiMImect,
Acrtana, Kazakcran

IIIKT KYPETAMBIPJBIH KYPJAEJII AHEBPU3MAJIAPBIH EMJIEY

Tyiiinaeme.

Kipicne: ¥a3ipri yakpITTa ilKi KYpeTaMBIPABIH KYPACT aHCBPH3MAJAPhIH EMICYAIH OPTYPIi daicTepi Koixa-
HBIIYAA.

Maxcampi: 6ip OpTanBIKTA OPBIHIAIFAH TIKCICH KITHIICTCYICH 0acKa EMACYAIH SPTYPIi dAICTCPiHIH KOPHITHIH-
JBIIAPBIH PETPOCIICKTUBTIK Oaranay.

3epmmey Ousatinel. PETPOCICKTUBTI IOFBIPIAMAIIBIK 3EPTTEY.

Ooicmepi men mamepuanoapul. IIMKI KypeTaMbIPABIH KYPACT aHEBPH3MAaIaphl 0ap 64 MAIMEHTTIH PEHTTCHO-
JIOTHSAIBIK ACPCKTEPI )KOHS CMICY HOTIXKCICP1, KIIMHUKAIIBIK CYpPeTi TanmaHasl. 15 manueHT — ep agaM, 49 mamueHT —
oHen amaM, OpTala sKachl 53 5KACTBI KYPAIbL

Homuoicenepi. Onepanusgan keiinri Oakplay keseHi 3 adman Oacranm 96 aiira meHiHri Mep3iMal Kypambl
12 >xkargaiina TackManAaylibl apTEPHSsHBI XKAYBIN TACTAy KOHE 1 sKargalaa IMKiI KYpeTaMBIPIBIH IPOKCHMAJIbI
TIKCICH KIHIICTCY OPBIHAATABL O >Kargaiira MHKPOCIHPATbIAPHIMCH AHCBPH3MATIAPABIH YHIOBACKYIAPIBIK 3MO0-
TU3AUMACH OPBIHAANABL. 13 jKaFmalima arslHABI KaWTa OAFBITTAYINBI CTCHTTI OPHATY OPBIHZAATBL 23 skarmaiina
TACHIMAJIAYINBl APTCPHAHBI KEHIHHCH OKKIIOZMSUIAYMEH 3KCTPA-KPAHHANIBI AHACTOMA3bl ANABIH-ANA CAyIbl
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KYpaiThIH OIPIKTIPLITCH CTpaTerus KONAAHBUTABL 9 Kargaiiaa MHKPOCHHPAIbIAPBIMEH IMIKI KYPETAMBIPIAPABIH
SHIOBACKYILIPIBIK OKKIFOZMACHIOPBIHAANAR. Onepanusigan Kerinri ackerHyIap 20,3%, emiM-xirtivm 3,1% Kypazmsl.
Hotmxenep PIHKMHHIH TYPICHAIPIITCH MIKAIAaChl OOWBIHINA OaFralaH/IbI.

Kopbvimuinowv:. Konnarepanaplk MAIABIH KAHAFBIMBIH Oaranay ONEpamws aldbIHIAFBI XKOCTIAPIIAyIbIH MAHbBI3IbI
Ke3¢HI Oonbmm caHajansl KaHA 3HIOBACKYJAPIBIK ONICTCPre KAPAMACTAH, KYPACH AHCBPHAMATAPIBI CMACYAC
JKCTPA-KPAHUAIIBI AHACTOMA3 9/ICI MAHBI3ABI POIAL aTKAPasl. TacsIManmayIsl apTepPHSIHBI OKKIFO3MS KOIBIMEH
AQHEBPH3MAHBI OKKIFO3MSUIAY ST ¢ THIMIL >KOHE IMAFbIH MHBA3ILIBIK emimapa. Kypaemi aHeBpu3Manmapabl KITHIIC-
TeyACH Oacka OIpIKTIPIITCH TOMTHIK TOCLT ONMCPANHAOAH KCHIHTI aCKBIHYJIAPABI OH HOTIDKCI JKargaimapra JCHiH
JKETKI3E Al bl

Tyiiin ceszaep: xypzem aHeBpW3Maiap, IMKI KYPETAMBIP APTEPHACHI, IKCTPA-HHTPAKPAHHAIBI AHACTOMO3,
aFbIHBI KAHTA OarbITTay bl CTEHT.

A, Kammeg, E. Maxaméeros, E. Meaeror, M. Kyavmp3saes, C. lrocemdaen,
b. Kynakoaes, U. Hypumanos, C. AknyJ1akoB

AO Haumonanensrii Lentp Helipoxupypruu, oTaeneHue cocy InCToi # PyHKIHOHATHLHOH HEHPOXUPYPTHH,
Acrana, Kazaxcran

JEUYEHHUE CJIOKHBIX AHEBPU3M BHY TPEHHEN COHHOI APTEPHHA

AHHOTAITHSL.

Beeoenue: B HaCTOSIICE BPEMs IPUMCHSFOTCSI PA3JIMYHBIC METOBI JICUCHHUSCIOKHBIC AHCBPH3MBI BHY TPCHHEH
COHHOI apTepuu.

Ilenv: PETPOCTIICKTHBHO OLCHHUTH PE3YIBTATHI PA3IHYHBIX METONOB JCUCHHA, KPOME MPAMOTO KIUIMHPOBAHUA
BBIMOJIHCHHBIX B OTHOM LEHTPE.

Jlusaiin uccneoosanus: PeTPOCICKTHBHOE KOTOPTHOE MCCIICIOBAHHCE.

Memoowr 4 mamepuansi. Bplmu MPOAHATH3UPOBAHB! KIMHUYCCKASKAPTHHA, PEHTTCHOJIOTHYCCKUE TAHHBIC W
Ppe3yIbTaThl JICUCHUS 64 MANUCHTOB COCIOKHbIME aHeBpu3MaMu BCA. 15 maumeHTOB — My>)4mHBI, 49 — SKCHIIUHBI,
CpeIHHN BO3pACT COCTABUA 53 roaa.

Pesynomamur. Tlepnon mocIeonepanuoHHOTO HAOMOACHUS COCTAaBWI OT 3 10 96 Mecsanes. JlurmposaHue
HeCyIei aprepun OBUTO BBIMOIHEHO B 12 CIIyyasx M MpAaMoe KIMIMHPOBAaHHE MpoKCcHManbHoro otaena BCA B 1 ciy-
yae. DHAOBACKYJLIPHAS 3MOONM3AIMSI AHEBPH3MbI MHKPOCIHPAISIMH ObLIA BBHINONHEHA B 6 CIy4asX. YCTAHOBKA
MOTOK IIEPECHANPABILIFOLICTO CTEHTA BHIMOIHEHO B 13 ciayuasx. KomOmHMpOBaHHAS CTparerys, BKIFOYAIOMIAS TPE-
BAPHTEIBHOE HANOKCHHUE SKCTPA-HHTPAKPAHHAIBHOTO AHACTOMO3a ¢ MOCICAYIOIIECH OKKIFO3UEH HECYIICH apTepuu,
MPUMEHEHA B 23 caydasx. JHAOBACKYLIpHAsA OKKkmo3ust BCA MukpocmmpanxsiMu BbINonHEHA B 9 cayuasx. [locre-
OTICPALIMOHHBIC OCIOKHCHHA cocTaBumm 20,3%, merampHOCTh 3,1%. Pesymsratel oneHuBAaINCh 10 MOAM(DHIHPO-
BAHHOH IIKajie P3HkuHA.

3axmouenye. ONEHKA KOJIIATEPATbHOTO MO3TOBOTO KPOBOTOKA SABJLICTCS BKHBIM 3TAIIOM IIPEAOTICPAUOHHOTO
IaHUPOBaHKUA. HecMOTps Ha HOBBIE 3HAOBACKYJLIPHBIC METOABI, METO SKCTPA-HHTPAKPAHHATBHOTO AHACTOMO3A M-
PacT OYCHb BAKHYIO POJIb B JICUCHHH CIOKHBIX aHEBPH3M. OKKIFO3H aHCBPH3M Iy TEM OKKIFO3MH HECYIICH apTepru
Bce eme 3()(eKTUBHA 1 MUHHIMAJIBHO HMHBA3HBHAS MPOICAYPa. KOMOMHHPOBAHHBIN KOMAHIHBIN ITOIX0X, KPOME Ipsi-
MOTO KIHITMPOBAHHS CIOXKHBIX AHCBPH3M, MOXKECT MHHMMH3HPOBATH IIOCJICONCPANHOHHBICOCIOKHEHHSI C OMaro-
TIPUSTHBIMHU PE3yIbTATAMH.

KiroueBbie cioBa: CIOKHBIC AaHCBPH3MBL, BHYTPCHHSSI COHHASI apTEPHs, HKCTPA-HHTPAKPAHHAIBHBIA aHACTO-
MO3, IOTOK MEPEHANPABJLIIOLIUI CTCHT.
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