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ABSTRACT

Modern high-technology methods for ischemic stroke treatment (systemic thrombolysis, mechanical thrombectomy,
thrombaspiration, stenting of cerebral arteries) can improve the rehabilitation potential and survival of patients.
Important tasks here are selection for reperfusion and its performance on the greatest possible number of peracute
patients. Mechanical thrombectomy combined with systemic thrombolysis is the most effective reperfusion strategy
in the therapeutic window, but the availability of endovascular methods is limited to highly specialized centres. One
way to solve this problem is to organize effective logistics with stroke patients, which will provide high-tech care for
patients living far from large treatment centers due to regulated interaction between institutions at different levels.

The aim of the study was to improve emergency interaction related to transfer of peracute stroke patients from
primary vascular units and district hospitals of the Krasnoyarsk region to Krasnoyarsk Regional Vascular Center
for thrombectomy.
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PE3IOME

CoBpeMeHHBIE BBICOKOTEXHOIOTHYHBIE METOIbBI JICUCHHUS] HIIEMHIECKOTO HHCYNIbTa (CHCTEMHBIN TpOMOOIH3HC,
MeXaHH4YecKasi TPOMOIKCTPAKIKs, TPOMOACTIHPAIINs, CTEHTHPOBaHKE [epeOpaIbHBIX COCYIO0B) TO3BOISIOT YIIyd-
IIMTh PeaOMIMTAIIMOHHBIN MOTEHIHAN U BEDKHBAEMOCTh TTAIUEHTOB. BaxkHOi 3amaueii sBiseTcsa oT00p M IpoBe-
JIeHHe penepy3uu B OCTpelIeM rnepruo/ie HanboIbIeMy KOTHIeCTBY OONBHBIX. TPOMOIKCTpaKIHs B COUETAHUT
C CHCTEMHBIM TPOMOOJIM3UCOM sIBIIsieTcsl Hanboiee S GeKTHBHON cTparerueil pernepdy3un B TeparneBTHYECKOM
OKHE, OIHAKO JOCTYITHOCTh SHAOBACKYIAPHBIX METOIOB OTPaHMYEHA BBHICOKOCTICIINAIM3UPOBAHHBIMH IIEHTPAMH.
OnHNUM U3 IMyTel pelIeHus ITOH 3a4adn SABIIeTcs opraHn3anus 3Gp(EeKTHBHOM JIOTHCTUKH MAIEHTOB C OCTPHIM
HapymeHneM Mo3roBoro kposoodpamenus (OHMK), 4To mo3BoJHT 0Ka3bIBaTh BEICOKOTEXHOIOTHIHYIO TOMOIIH
MaUeHTaM, TPOXHUBAIONINM Ha YAAICHHHU OT KPYIHBIX JIe4eOHBIX IIEHTPOB, OIarofapsi OTPeryIHpOBaHHOMY B3a-
HUMOJICHCTBHIO MEXAY yUIPEKACHUSIMA Pa3HOTO YPOBHSL.

Llens mccnenoBaHus: COBEPUICHCTBOBAHUE SKCTPEHHOTO B3aUMOJEHCTBHS 1O BOIPOCAM IHepeBOJa MAIEHTOB B
ocTpeiiIieM Mepruoie MIEMUIECKOT0 HHCYNIbTA U3 MIEPBUYHBIX COCYANUCTBIX OTACICHUH 1 MEXKPalHOHHBIX OOIBHUIL
Kpacnosipckoro kpast B PernonanbHelit cocyaucTsiit neHTp r. KpacHosipcka s npoBeJeHHs TPOMOIKCTPaKIUH.

KiroueBble cjioBa: nieMuyeckuii HHCYIbT, Stroke team, moructuka nmanueHtoB ¢ OHMK, TpomO3kceTpakius,
TPOMOOITHU3HC.

KoHpanKT nHTepecoB. ABTOPHI ACKIApUPYIOT OTCYTCTBHE SBHBIX M MOTEHIHAIbHBIX KOH(IUKTOB HHTEPECOB,
CBSI3aHHBIX C IMyOJIMKaUel HaCTOsIIEeH CTaTbH.

Hcrounnk ¢puHaHCHPOBaHHUS. ABTODHI 3asBISIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS IPHU IPOBEICHUH HCCIIE0-
BaHMSI.

Jass nurupoBanusi: [usxun ILI., Hcaesa H.B., Kysnenos B.IO., Ilporononos A.B., Kopuarun E.E.,
Josobim H.1O., JIuteuntok H.B. PaGora Stroke team: onbIT nepeBoia MaMeHTOB ¢ UIIEMUYCCKAM HHCYJILTOM Ha
TPOMOIKCTPAKIHIO M3 MEKPaHOHHBIX OOJILHUI] B PernonanbHelil cocyanctsiit nentp r. Kpacnosipcka. broaremens

cubupcroii meouyunsl. 2021; 20 (4): 218-224. https://doi.org/10.20538/1682-0363-2021-4-218-224.

INTRODUCTION

Hyperacute ischemic stroke treatment with imple-
mentation of high-tech methods into clinical practice
sets new goals in healthcare management and patient
routing. An important issue is to improve the avail-
ability of a full range of medical services, combining
methods of therapeutic (systemic thrombolysis) and
surgical (mechanical thrombectomy, thrombaspira-
tion, stenting of cerebral vessels) reperfusion for the
largest number of patients [1-5]. In Krasnoyarsk, en-
dovascular methods for ischemic stroke are success-
fully applied at the premises of three largest clinics:
Krasnoyarsk Regional Clinical Hospital (chief phy-
sician — Egor E. Korchagin), Karpovich Krasnoyarsk
Regional Clinical Emergency Hospital (chief physi-
cian — Sergey V. Grebennikov), and Krasnoyarsk Re-
gional Hospital No. 20 (chief physician — Vladimir A.
Fokin).

At the same time, healthcare institutions in re-
mote areas of the Krasnoyarsk region have limita-

tions in relation to the use of such methods, and
making them available for patients from remote
areas is relevant. The solution to this problem may
be to improve the logistics for ischemic stroke
patients and their emergency transportation to
healthcare institutions with necessary resources for
high-tech medical care [6, 7].

RESULTS

Currently, the Regional Vascular Disease Center
(RVDC) of Krasnoyarsk Regional Clinical Hospital
(KRCH) (the head of the RVDC is A.V. Protopopov,
Dr. Sci. (Med.), Professor), interacts and cooperates
on a round-the-clock basis with primary vascular de-
partments (PVDs) and interdistrict hospitals located
within a 100 km radius from the Krasnoyarsk Regio-
nal Clinical Hospital: Clinical Hospital No. 51 of the
Federal Medical Biological Agency of the Russian
Federation (62.4 km) and Divnogorsk Interdistrict
Hospital (45 km) (Fig. 1).
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Fig. 1. The current system of interaction between the

Krasnoyarsk Regional Vascular Disease Center and other

treatment facilities in the region in selecting ischemic stroke
patients for emergency thrombectomy

The problem of organizing emergency interaction
between medical and prevention institutions in Kras-
noyarsk and the Krasnoyarsk region is solved with
various tools. Along with the traditional method of
inter-hospital interaction using telephone communi-
cation, modern technologies have been introduced in
the Krasnoyarsk region. Telemedicine consultations
are performed through the RCH Center of X-ray Con-
sultations with the possibility to upload neuro-visu-
alization images (multi-slice computed tomography
(MSCT), magnetic resonance imaging (MRI)) to the
unified database for their immediate evaluation by
radiologists of the center from any remote station.
Another important tool for assessing the patient’s con-
dition and determining further management strategy is
the neuromonitoring program [8], with which a con-
sulting neurologist can establish a two-way communi-
cation with doctors of all hospitals in the Krasnoyarsk
region, receiving full information on the patient with

the ability to make timely decisions on treatment cor-
rection or transfer the patient to the RVDC. Taking
into consideration wide capabilities of telemedicine, it
is now possible to apply high-tech methods of treating
hyperacute ischemic stroke in patients living outside
the city of Krasnoyarsk.

In 2019, 10 patients with stroke received treatment
in the Neurology Department of RVDC after transfer
from PVDs with subsequent endovascular surgery
(mechanical thrombectomy, stenting of cerebral ves-
sels).

CLINICAL CASE 1

Patient B, 63 years old. Transferred from PVD of
Zheleznogorsk Clinical Hospital No. 51 of FMBA of
the Russian Federation with the clinical presentation
of right-sided hemiparesis, motor aphasia; the patient
was alert (Modified Rankin scale score: 3, NIHSS:
5). On the emergence of symptoms, the patient was
admitted to a local PVD with a suspected stroke. A
standard neurological examination involving scaling,
laboratory data evaluation, as well as native brain
MSCT was performed. The diagnosis of ischemic
stroke was confirmed. Taking into consideration
admission within the therapeutic window and lack
of contraindications, systemic thrombolytic therapy
(TLT) was immediately started in the MSCT room
in the PVD [9-11]. According to MSCT angiography
of cerebral and brachiocephalic vessels, symptomatic
thrombosis was revealed: a left-sided occlusion of the
internal carotid artery (ICA).

The Regional Clinical Hospital has developed a
standard regulating the selection of patients admitted
with the diagnosis of stroke for transfer to the RVDC
for mechanical reperfusion [3]. The prerequisites are
admission within the therapeutic window, the con-
sciousness level of over 9 according to the Glasgow
Coma Scale, ASPECTS scale score of no less than 6
(MSCT of the brain), the Modified Rankin Scale score
for the degree of disability before stroke of no more
than 2. Patient B. met all the listed criteria.

Considering the presence of symptomatic ICA oc-
clusion, required transportation time (approximately
one hour), and the evacuable state of the patient (the
level of consciousness no lower than obtundation,
unassisted breathing, stable hemodynamics), the neu-
rologist at the PVD informed the neurologist at the
RVDC by phone about the anamnesis data, neuro-
logical status, and MSCT results, indicating the time
of TLT onset. The neurologist and radiologist at the
RVDC assessed the MSCT scans of the patient’s brain
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and cerebral vessels, which were presented to the Cen-
ter of X-ray Consultions.

This clinical examination complied with all the
conditions for a possible thrombectomy [12—15], and
a decision was made to urgently transfer the patient to
the RVDC. Meanwhile, the RCH neurologist informed
the interventional radiologist and the anesthesiology
team about the forthcoming arrival of the patient who
was a candidate for thrombectomy. The endovascular
surgeon began preparing the X-ray-equipped opera-
ting room for emergency intervention.

The patient was delivered to the Krasnoyarsk
RVDC by the ambulance team. In the admission unit
at the RCH, the patient was examined at runtime by
the attending neurologist, MSCT of the brain was per-
formed (the ASPECTS score of 8) to exclude major
irreversible ischemia and intracranial hemorrhage

(Fig. 2).

Fig. 2. Computed tomography of the brain of patient B., 63
years old, after thrombolysis before thrombectomy

Since the therapeutic window period was about to
end, cerebral perfusion MSCT was performed in order
to assess the core — penumbra area ratio. The core was
within 1/3 of the left middle cerebral artery (MCA)
circulation.

Indications for emergency thrombectomy were
evaluated in the admission unit by a multidisciplinary
team including a neurologist, an interventional radio-
logist, and a radiologist. All parameters met the cri-
teria for thrombectomy. The patient was admitted to
the X-ray-equipped operating room, where selective

cerebral angiography was performed to resolve the
issue of further treatment strategy. Mechanical throm-
bectomy was carried out on the left ICA circulation,
and the blood flow was restored according to grade 3
of the mTICI scale. According to the data of MSCT
of the brain at runtime, a small ischemic area formed
in the left temporoparietal zone after 24 hours without
decrement in the neurological status (Fig. 3).

Fig. 3. Computed tomography of the brain of patient B., 63
years old, after thrombectomy of the internal carotid artery on
the left

The patient received standard baseline and neu-
rometabolic therapy and underwent early rehabilita-
tion. Positive changes in the patient’s condition were
observed, hemiparesis regressed, moderate speech
disorders persisted, manifested through efferent mo-
tor and dynamic aphasia. The motor component of the
speech improved (Modified Rankin Scale: 2, NIHSS:
1). The patient was discharged in a satisfactory condi-
tion for follow-up rehabilitation of speech disorders.

The choice of stroke treatment methods and orga-
nization of transportation should be made as quickly
as possible. The feature of the following clinical case
is that a stroke patient was transported twice between
healthcare institutions before admission to the RVDC.
In the meantime, the patient was delivered within the
therapeutic window.

CLINICAL CASE 2

Patient R., 57 years old, was urgently taken to
the Divnogorsk Interdistrict Hospital due to acute
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development of focal neurologic deficit with suspect-
ed stroke. Considering the absence of CT equipment
in the interdistrict hospital, according to the routing,
the patient was initially transferred to the private
healthcare institution “Clinical hospital “RZD-Medi-
cine”, Krasnoyarsk, where MSCT of brain structures
and MSCT angiography of cerebral arteries were per-
formed, M1 segment occlusion of the left MCA was
diagnosed, and systemic thrombolysis was initiated
(Fig. 4). Taking into account the duration of the the-
rapeutic window, the patient was transported for the
next stage to the RVDC. Upn admission, the patient
was fully alert, with focal neurologic deficit in the
form of right-sided hemiparesis, hemihypesthesia, and
motor aphasia. Modified Rankin Scale score was 4,
NIHSS score was 13.

Fig. 4. Computed tomography of patient R., 57 years old, after
TLT, before the start of thrombectomy

Atthe RVDC, thrombectomy was performed on the
M1 segment of the left MCA with full perfusion resto-
ration, the mTICI scale score was 3. A small ischemic
area in the left MCA circulation was revealed using
dynamic MSCT of the brain (Fig. 5). During the in-
patient treatment, the patient’s condition showed pos-
itive changes: muscle strength and sensitivity in the
right limbs were restored, overall mental activity and
physical performance increased. Voluntary attention
and memory enhanced, self-service ability improved.
Upon discharge, speech disorders corresponded to dy-
namic aphasia in the form of systemic perseverations.

Fig. 5. Computed tomography of the brain of patient R., 57

years old, after thrombectomy of the M1 segment of the left

middle cerebral artery. Formation of a small ischemic area
without neurological status deterioration

Upon discharge, the score on the Modified
Rankin Scale was, on NIHSS — 1. The patient was
referred to follow-up treatment: stage 3 of speech
rehabilitation.

This article presents clinical cases of a small sam-
ple of patients to show the possibility of increasing
the availability of endovascular methods for treating
hyperacute ischemic stroke patients who live outside
large cities with specialized vascular centers.

The analysis of time intervals in 10 clinical cases
of patients from the initial ischemic stroke symptoms
in the area of residence to thrombectomy at the Kras-
noyarsk RVDC in 2019 showed that the duration of
each period largely depended on the promptness of
the stroke team actions. The key elements of medical
aid provision at each stage are as follows: reaction to
the call for an ambulance team, stroke diagnosis at the
PVD where the patient was initially transported to and
where the decision to transfer the patient to the RCH
was made, and promptness of actions of the RVDC
team. It was determined that the average time be-
tween the stroke onset and admission to the RCH was
245 [198.25; 257.25] minutes, while thrombolysis
started after 155 [140; 180] minutes, beginning at the
PVD and continuing in the ambulance during trans-
portation to the RCH. The time between entering the
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hospital and starting the operation was 37.5 [28.25;
47.5] minutes. Thrombectomy was initiated after an
average of 247 minutes [237.5; 293.5] from the first

155 245

stroke symptoms. Recanalization had been completed
by 388 [300.5; 408.25] minutes from the stroke onset

(Fig. 6).

Start of

Recanali-
zation

255 274 igs

Fig. 6. Time values of working with hyperacute ischemic stroke patients (n = 10) transferred from interdistrict hospitals of the region
to the Regional Vascular Disease Center for emergency thrombectomy (Me [p,; p.,.])

It is obvious that each region may develop its own
system of emergency logistics for stroke patients
taking into account its territorial and administrative
peculiarities. In the Krasnoyarsk region, a system
of interaction between interdistrict hospitals, PVDs,
and the RVDC allows to make timely decisions on
transfer of patients for thrombectomy, which increas-
es availability of high-quality care for hyperacute
ischemic stroke patients. Coordinated teamwork of
specialists from healthcare institutions at different
levels allows to start thrombectomy within the thera-
peutic window. Therefore, mechanical thrombectomy
in all patients was started within 4.5 hours, and suc-
cessful recanalization was performed within 6.5 hours
from the stroke onset. There were no lethal cases in
the group of patients observed after thrombectomy.
Good recovery of the neurologic deficit was observed
in all the patients.

CONCLUSION

Maximum efficacy of treatment for hyperacute
ischemic stroke patients requires:

— a well-developed system for interaction between
emergency room specialists, neurologists, radiolo-
gists, and intervention radiologists within healthcare
institutions providing high-tech medical care for isch-
emic stroke patients;

— improving the quality of interaction between
the RVDC and healthcare institutions at primary and
secondary levels by introducing modern technology,

such as continuous X-ray consultation and neuro-
monitoring;

— well-managed work of the ambulance and its in-
teraction with PVDs and the RVDC.

Therefore, well-coordinated teamwork of stroke
team specialists at different levels of care for hyper-
acute ischemic stroke patients contributes to an in-
crease in the availability of high-tech methods for
treating patients who live outside the regional center,
which makes it possible to preserve the maximum
possible amount of nervous tissue, reduce mortali-
ty, increase the rehabilitation potential, and improve
functional outcomes.

REFERENCES

1. On the approval of the procedure for the provision of medical
care to patients with acute cerebrovascular accidents: order of
the Ministry of Healthcare of the Russian Federation No. 9281
dated 15.11.2012 (in Russ.).

2. Order of the Ministry of Healthcare of the Krasnoyarsk Krai
No. 859-opr dated 14.09.2018 (in Russ.). 3. The procedure for
the provision of emergency medical care to patients with acute
cerebrovascular accident: the standard of Krasnoyarsk Region-
al Clinical Hospital Order No. 232 dated 17.05.2019, the stan-
dard of the 18.10.2019, 3rd ed. (in Russ.).

4. Lukyanchikov V.A., Udodov E.V. Possibilities of surgical
correction of internal carotid artery thrombosis in patients
with acute ischemic stroke. Russian Sklifosovsky Journal
“Emergency Medical Care”. 2017; 6(2): 110-117 (in Russ.).
DOI: 10.23934/2223-9022-2017-6-2-110-117.

5. Shamalov N.A., Khasanova D.R., Stakhovskaya L.V., Voz-
nyuk L.A., Yanishevsky S.N., Vinogradov O.l., Kharitono-
va T.V., Alekyan B.G., Kandyba D.V., Savello A.V,

bionneteHb cMbupckon meanumHbl. 2021; 20 (4): 218-224 223



Shniakin P.G., Isaeva N.V., Kuznetsov V.Y. et al. Work of a stroke team: experience of transferring ischemic stroke patients

Volodyukhin M.Yu. Reperfusion therapy for ischemic stroke. Med. 2015; 372 (1): 11-20. DOI: 10.1056/NEJMoal411587.
Clinical protocol. M., 2019: 80 (in Russ.). 11. Powers W.J., Rabinstein A.A., Ackerson T., Adeoye O.M.,
6. Saver J.L., Goyal M., Bonafe A., Diener H.-Ch., Levy E.L, Bambakidis N.C., Becker K. et al. 2018 Guidelines for
Pereira V.M. et al. Stent-retriever Thorombectomy after intra- the Early Management of Patients With Acute Ischemic
venous t-PA vs. t-PA alone in stroke. N. Engl. J. Med. 2015; Stroke: A Guideline for Healthcare Professionals From
372 (24): 2285-2295. DOI: 10.1056/NEJMoal415061. the American Heart Association/American Stroke As-
7. Saver J.L., Goyal M., Aad van der Lugt A., Menon B.K., sociation. Stroke. 2018; 49(3): 46-110. DOI: 10.1161/
Majoie C.B.L.M., Dippel D.W. et al. Time to treatment with STR.0000000000000158.
endovascular thorombectomy and outcomes from ischemic 12. Protopopov A.V., Shnyakin P.G. Litvinyuk N.V., Evdokimo-
stroke: a meta-analysis. JAMA. 2016; 316 (12): 1279-1288. va E.Yu., Tyumentsev N.V. Thrombectomy in acute ischemic
DOI: 10.1001/jama.2016.13647. stroke: methodological recommendations for doctors. Kras-
8. Shnyakin P.G., Demko 1.V., Korchagin E.E., Protopopov A.V., noyarsk: Verso, 2019: 100 (in Russ.).
Samokhvalov E.V., Nemik D.B., Tyumentsev N.V., Gordee- 13. Campbell B.C.V., Mitchell P.J., Kleinig T.J., Dewey H.M.,
va N.V. Monitoring of population-significant diseases (expe- Churilov L., Yassi N. et al. Endovascular therapy for ischemic
rience of the Krasnoyarsk Krai). Krasnoyarsk: Versona, 2018: stroke with perfusion-imaging selection. N. Engl. J. Med.
99 (in Russ.). 2015; 372(11): 1009-1018. DOI: 10.1056/NEJMoal1414792.
9. Domashenko M.A., Maksimova M.Yu. Personification of the 14. Saver J.L. Time is brain — quantified. Stroke. 2006; 37(1):
approaches to reperfusion therapy for ischemic stroke. Annals 263-266. DOI: 10.1161/01.STR.0000196957.55928.ab.
of Neurology. 2017; 11 (1): 7-13 (in Russ.). 15. Goyal M., Demchuk A.M., Menon B.K., Eesa M., Rempel J.L.,
10. Berkhemer O.A., Fransen P.S.S., Beumer D., van den Thornton J. et al. Randomized assessment of rapid endovas-
Berg L.A., Lingsma H.F., Yoo A.J. et al. A randomized trial cular treatment of ischemic stroke. N. Engl. J. Med. 2015;
of intraarterial treatment for acute ischemic stroke. N. Engl. J. 372(11): 1019-1030. DOI: 10.1056/NEJMoal1414905.

Authors contribution

Isaeva N.V. — conception and design. Kuznetsov V.Y., Dovbysh N.Yu., Litvinyuk N.V. — analysis and interpretation of data.
Shnyakin P.G. — substantiation of the manuscript and critical revision for important intellectual content. Protopopov A.V., Korchagin E.E. —
final approval of the manuscript for publication.

Authors information

Shnyakin Pavel G., Dr. Sci. (Med.), Associate Professor, Deputy Head of the Regional Vascular Disease Center, Krasnoyarsk Regional
Clinical Hospital, Krasnoyarsk, Russian Federation. ORCID 0000-0001-6321-4557.

Isaeva Natalya V., Dr. Sci. (Med.), Professor, V.F. Voino-Yasenetsky Krasnoyarsk State Medical University, Krasnoyarsk, Russian
Federation. ORCID 0000-0002-8323-7411.

Kuznetsov Vladimir Y., Cand. Sci. (Med.), Head, Neurology Department for patients with stroke, Krasnoyarsk Regional Clinical
Hospital, Krasnoyarsk, Russian Federation. ORCID 0000-0002-3042-0925.

Protopopov Aleksey V., Dr. Sci. (Med.), Professor, Rector of V.F. Voino-Yasenetsky Krasnoyarsk State Medical University; Head of
Regional Vascular Disease Center, Krasnoyarsk Regional Clinical Hospital, Krasnoyarsk, Russian Federation. ORCID 0000-0001-5387-
6944.

Korchagin Egor E., Chief Physician, Krasnoyarsk Regional Clinical Hospital, Krasnoyarsk, Russian Federation. ORCID 0000-0002-
4153-9585.

Dovbysh Nikolay Yu., Head of the Department of Neuroresuscitation, Krasnoyarsk Regional Clinical Hospital, Krasnoyarsk, Russian
Federation. ORCID 0000-0001-7222-9224.

Litvinyuk Nikita V., Head of the Department of X-ray Surgical Methods of Diagnosis and Treatment, Krasnoyarsk Regional Clinical
Hospital, Krasnoyarsk, Russian Federation. ORCID 0000-0002-0630-7244.

(*X)) Kuznetsov Vladimir Yu., e-mail: vykuznetsov@list.ru

Received 04.06.2020
Accepted 28.12.2020

224 Bulletin of Siberian Medicine. 2021; 20 (4): 218-224



