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Predictors of Good Clinical Outcome in Patients
with Acute Stroke Undergoing Endovascular
Treatment — Results from CERBERUS

Prediktory pozitivniho lécebného vysledku u pacientt s akutni
cevni mozkovou prihodou podstupujicich endovaskularni lécbu —

vysledky z registru CERBERUS

Abstract

Background: Endovascular therapy (EVT) with stent retrievers has been shown to be superior and
safe (in the anterior circulation) in comparison to intravenous thrombolysis (IVT) alone or no specific
therapy. We compared clinical outcome between patients undergoing EVT admitted directly to
comprehensive stroke centers (CSCs) and patients transferred from primary stroke centers (PSCs)
to a CSC. Materials and methods: Demographics, risk factors, and medical history of all consecutive
EVT-treated stroke patients in collaborating stroke centers were collected. Patients were divided
into three groups: treatment with IVT in a PSC before transfer to a CSC for EVT; treatment with
IVT directly in a CSC with subsequent EVT in the same center; no treatment with IVT before EVT.
Neurological status using the National Institutes of Health Stroke Scale (NIHSS) on admission
and at day 7 and self-sufficiency using the modified Rankin Scale (mRS) at day 90 were assessed.
Favorable clinical outcome was defined as an mRS score of 0-2. Follow-up computed tomography
or magnetic resonance imaging was done to determine symptomatic intracerebral hemorrhage
(SICH). Results: A total of 568 patients (313 males; mean age, 66.1 £ 13.2 years) were registered
from January 2006 to the end of July 2015. Patients in all three groups did not differ in baseline
characteristics except for the time to the start of EVT. The average delay of EVT start in patients
transferred from PSC to CSC was 45 min. Subgroups did not differ significantly in SICH prevalence
(overall prevalence 5.5%) and favorable clinical outcome (overall 46.7%). Conclusion: The benefit of
directtransfertoa CSC merits further investigation. The present study showed that both approaches
to stroke patient transport organization in the Czech Republic are comparably efficient and
safe.

Study was partially supported by the grant projects MH CR No. 2 RVO-FNOs/2013, FNHK 00179906
and PRVOUK: P37/08.

The authors declare they have no potential
conflicts of interest concerning drugs, products,
or services used in the study.

Autofi deklaruji, Ze v souvislosti s pfedmétem stu-
die nemaji zddné komercni zajmy.

The Editorial Board declares that the manu-
script met the ICMJE “uniform requirements”
for biomedical papers.

Redakéni rada potvrzuje, Ze rukopis prace spinil
ICMJE kritéria pro publikace zasilané do biome-
dicinskych ¢asopis(.

M. Roubec’, D. Kraji¢kova?,

J. Hommerova, P. KeSnerova*,
S. Klimosova®, P. Rapantova®,
R. Herzig?, D. Skoloudik'”

for the CERBERUS Study Group

Authors' affiliation are available
at page 667.

X<

Prof. David Skoloudik, MD, PhD, FESO
Center for Research and Science
Department of Nursing

Faculty of Health Science

Palacky University Olomouc
Hnévotinska 3, 775 15 Olomouc
Czech Republic

e-mail: skoloudik@hotmail.com

Accepted for review: 13. 6. 2017
Accepted for print: 28.8. 2017

Key words
stroke — recanalization — endovascular
therapy — stent retriever — management

Klicova slova

cévni mozkova pfihoda - rekanalizace —
endovaskularni lé¢ba — stent retriever —
management

666

Cesk Slov Neurol N 2017: 80/113(6): 666—-674




PREDICTORS OF GOOD CLINICAL OUTCOME IN PATIENTS WITH ACUTE STROKE UNDERGOING ENDOVASCULAR TREATMENT

Souhrn

Uvod: Endovaskularni terapie (EVT) s pouzitim stent-retrieverd (v pfedni cirkulaci) jiz prokazala svou
superioritu a bezpecnost ve srovnani se samotnou intravendzni trombolyzou (IVT) nebo zadnou
specifickou terapil. Srovnalijsme klinicky vysledek pacientl s ischemickou cévni mozkovou pfihodou
(iICMP) podstupujicich EVT pfijatych direktné do komplexnich cerebrovaskuldrnich center (KCC)
s pacienty transferovanymi sekundarné z lokélnich iktovych center (IC) do KCC. Metodika a pacienti:
Byly zaznamenany demografické Udaje, rizikové faktory a zdravotnianamnéza vech konsekutivnich
pacientl Ié¢enych EVT ve spolupracujicich iktovych centrech KCC/IC. Pacienti byli rozdéleni do tif
skupin: 1é¢ba IVT v IC ped transferem k EVT do KCC; lé¢ba IVT pfimo v KCC s navazujici EVT v tomtéz
centru; zadna IVT pfed EVT. Neurologicky stav pfi pfijeti a 7. den byl hodnocen za vyuziti National
Institutes of Health Stroke Scale (NIHSS). Sobéstacnost pacientt 90. den byla hodnocena pomoci
modifikované Rankinovy skaly (mRS). Jako dobry klinicky vysledek bylo oznaceno skére mRS 0-2.
Kontrolni vysetfeni vypocetni tomografii nebo magnetickou rezonanci byla provedena k vylouceni
symptomatického intracerebrélniho krvaceni (SICH). Vysledky: Celkem 568 pacientl (313 muzy;
prameérny vék 66,1 + 13,2 roku) bylo zafazeno do registru od ledna 2006 do konce cervence 2015.
Pacienti ze vsech tfech skupin se statisticky nelisili ve vstupnich charakteristikdch mimo ¢asu od
vzniku prihody do zahajeni EVT. Primérné zdrzenf za¢atku EVT u pacientd transferovanych z IC
do KCC ¢inilo 45 min. Podskupiny se také statisticky nelisily ve vyskytu SICH (celkovéa prevalence
5,5 %) a dosazeném dobrém klinickém vysledku (celkové 46,7 %). Zdvér: Benefit piimého transferu
pacienta do KCC si zaslouZi dalsf sledovani. Prezentovana studie prokdzala, Ze obé varianty
organizace transportu pacienta s iCMP k EVT v Ceské republice jsou srovnatelné efektivni

a bezpecné.

Objectives

Acute occlusion of large cerebral arteries is
usually associated with severe neurologic
deficitand low chanceforearly recanalization
with intravenous thrombolysis (IVT) [1]. In
2015, endovascular therapy (EVT) with stent
retrievers has been shown to be superior
and safe (in the anterior circulation) in
comparison to IVT alone or no specific ther-
apy [2-9]. Hence, this method should now
be considered for all patients with acute
ischemic stroke with occlusion of large
cerebral vessels (if the timing is favorable).
EVT requires changes to the protocol for
acute management of stroke, pre-hospital
care, communication and treatment or-
ganization with primary stroke centers
(PSCs) and comprehensive stroke centers
(CSCs). The goal is to determine optimal
management for stroke patients with large-
vessel occlusion.

Stroke care in the Czech Republic has
changed considerably during the last 20 years.
Since 1998, IVT treatment has started to
be used routinely in selected neurology
departments for acute ischemic stroke. Several
hospitals built specialized stroke units pro-
viding comprehensive care for stroke patients
from the very beginning, whereas other
hospitals collaborated with (usually internal)
intensive care units (ICUs). EVT has been used
in the Czech Republic since 2005, mostly in
university hospitals, rarely in local hospitals.

In 2010, a national two-level network
of acute stroke care was created. Initially,
this was a network of 32 PSCs providing
acute stroke care (multi-modal diagnostics,
care in a stroke unit, IVT administration,
early rehabilitation, primary/secondary
preventive care and treatment of common
complications) and collaborating with the
nearest CSC. CSCs also provide EVT, complex
neurosurgical care and consultations to
PSCs and local neurological departments for
preventive and follow-up care with regard
to cerebrovascular disease (second level,
13 CSCs).

Each PSC has a target population
(=250,000-500,000 inhabitants) to care for
based on geography and population density.
Stroke care is provided by a neurologist
and each PSC must have a Stroke Unit. The
admission work-up does not differ between
PSCs and CSCs, and always comprises
neurologic examination, basic laboratory
tests, computed tomography (CT) or
magnetic resonance imaging (MRI) and, in
all patients suitable for IVT or EVT, additional
computed tomography angiography (CTA)
or magnetic resonance angiography (MRA).
The typical work-up time in the submitted
patient population (January 2006 until the
end of July 2015) is consistent with the door-
to-needle time (DNT) for IVT and is =55 min.
There is usually one CSC in each region/ter-
ritorial unit of the Czech Republic (14 regions,
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including the capital city Prague) that col-
laborates with PSCs in the same area (on
ageographical basis)and coversa population
of 800,000-1,200,000 inhabitants. The
distances and travel times between PSCs
and CSCs vary in different parts of the
country, usually from 10 to 90 min [10,11].

Time-to-recanalization is an essential
parameter. However, how to pre-select
patients suitable for EVT in pre-hospital care
(i.e, whether to transfer to a PSC with early
IVT and secondary transport to a CSC for
EVT, or direct transfer of patients with severe
neurological impairment to a CSC for IVT
and EVT) is not known.

We compared the clinical outcome
between patients: 1. indicated for EVT after
IVT failure and admitted directly to a CSC
and patients transferred from a PSC to CSC
after IVT, 2. treated using EVT after failed IVT
treatment and 3. patients contraindicated to
IVT treated with EVT only. Also, we wished
to identify predictors of symptomatic
intracerebral hemorrhage (SICH) and good
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clinical outcome 90 days after EVT. We also
compared the safety and efficacy of EVT in
patients with different sites of occlusion of
cerebral arteries.

Materials and methods
Registry
Czech Registry of Cerebral Mechanical Re-
canalizations in Acute Ischemic Stroke
(CERBERUS) has been established for col-
lection of prospective data in the Czech
Republic. Seven stroke centers providing
EVT have been inputting data into this
registry: University Hospital Ostrava (since
January 2006), Vitkovice Hospital Ostrava
(September 2013), University Hospital Hra-
dec Krélové, Regional Hospital Liberec,
Motol University Hospital in Prague, Military
University Hospital Prague (January 2014)
and University Hospital Plzer (January 2015).
The entire study was conducted in accord-
ance with the Helsinki Declaration of
1975 (as revised in 2004 and 2008). The study
protocol was approved by the local ethics
committee (approval number: 169/2013).
Patients provided written informed
consent. Independent witnesses verified
the signatures of patients who experienced
technical problems.

Patients, inclusion criteria and
organization of EVT treatment

In the Czech Republic, all acute-stroke
patients found to be within the time window
for IVT and without known contraindication
for IVT must be transferred to the nearest
stroke center (PSC or CSC) for diagnostics
and IVT.

The EVT was indicated in the stroke
centers participating in the CERBERUS under
five conditions: 1. occlusion of large ves-
sels (middle cerebral artery (MCA), internal
carotid artery (ICA) — occlusion of the cervical
segment with/without MCA occlusion or
T-type occlusion, basilar artery (BA) dia-
gnosed with CTA or MRA); 2. procedure start
within 6-8 hours (an 8-hour time window
was applied in particular CSCs based upon
approval of the local ethics committee)
after stroke onset with specific exceptions
(e.qg., posterior circulation stroke due to BA
occlusion); 3. IVT failure (no neurological
improvement after IVT start till the start of
EVT or during transfer) or contraindication
to IVT; 4. neurological deficit upon hospital
admission of > 8 points (using the National
Institutes of Health Stroke Scale; NIHSS) or
fluctuating neurological deficit; 5. self-suf-

ficiency before current stroke (0-2 points in
the modified Rankin scale; mRS).

All CT/MRI scans were viewed locally.
No standardized imaging-based patient
selection system, such as Alberta Stroke
Program Early CT (ASPECT) score, was used
routinely. Endovascular team was called im-
mediately after major artery occlusion diag-
nosis and when no contraindication for EVT
existed. PSC stroke physician was required
to contact a CSC immediately after imaging.
Transfer from the PSC to the CSC was
performed by regional Emergency Medical
Service (EMS) at the highest priority level. CT
or MRI scans were transferred using a national
picture archiving and communication system
(PACS) to the CSC; however, this could not
delay the transfer organization. Imaging
was not routinely repeated in the CSC after
transfer unless neurological deterioration
(>4 NIHSS points) occurred.

All stroke centers that were a part of the
CERBERUS collected prospective data on
all consecutive EVT-treated stroke patients
to the registry. Demographics (age, sex)
as well as information on risk factors and
medical history (blood pressure, blood
glucose, blood cholesterol, smoking status,
alcohol consumption, treatment with
antithrombotic drugs/statins, body mass
index (BMI), pre-event transient ischemic
attack (TIA) or stroke, atrial fibrillation) were
collected at baseline. The NIHSS was used
to assess stroke severity and the mRS to
determine self-sufficiency.

Patients were divided into three groups:
treatment with IVT in a PSC before transfer
to a CSC for EVT (group 1); treatment with
IVT directly in a CSC followed by EVT in the
same center (group 2); no treatment with IVT
before EVT due to a contraindication to IVT
or outside the time window (group 3).

The CERBERUS contains data on patients
with stroke in the anterior and posterior
circulation. However, to compare EVT ef-
ficacy (recanalization rate, 90-day clinical
outcome) and safety (occurrence of SICH and
malignant brain edema) six subgroups based
on occlusion site were created: 1. isolated MCA;
2. isolated ICA; 3. ICA + MCA (with patent
anterior cerebral artery); 4. T-type ICA; 5. ver-
tebral artery (VA) occlusion with contralateral
chronic occlusion or distal embolization to the
posterior circulation (VA+); 6. BA occlusion.

Treatment methods
Five methods were used for EVT of occluded
cerebral arteries in the participating stroke

centers: 1. mechanical thrombectomy with
stent retrievers; 2. percutaneous translu-
minal angioplasty with/without stenting;
3. endovascular sonolysis; 4. intra-arterial
thrombolysis; 5. combination of methods.
The method was selected by an inter-
ventional radiologist.

All logistic data (onset-to-needle time and
DNT for IVT; onset-to-groin puncture time,
door-to-groin puncture time, procedure
time and onset-to-recanalization time for
EVT) were assessed in all groups (if appli-
cable).

Recanalization and outcome
parameters

Recanalization rate was assessed locally
using the Thrombolysis in Cerebral Infarction
(TICI) score. Successful recanalization was
defined as a score of 2b-3. Neurological
status in the NIHSS on day 7 and day 90 and
self-sufficiency using the mRS on day
90 were assessed in all patients. Favorable
clinical outcome was defined as an mRS
score of 0-2. Follow-up CT or MRI was
performed in all patients < 24 hours from
the stroke onset (and as necessary at any
time in case of neurological worsening)
to determine SICH. SICH was determined
as ICH on the follow-up CT or MRI in
combination with deterioration in NIHSS
of > 4 points. Malignant brain edema was
assessed clinically as deterioration in NIHSS
of > 4 points with midline shift on the fol-
low-up CT or MRI.

Statistical analyses

The normality of data distribution was tested
using the Shapiro-Wilk test. Categorical
variables are reported as frequencies and
percentages. Data with normal distribution
are reported as a mean + standard deviation
(SD). Parameters not fitting the normal
distribution are presented as a median
and interquartile range (IQR). Categorical
variables in the two arms were compared
using Fisher's exact test. Continuous variables
were compared using the Mann-Whitney
U-test. Univariate and multiple logistic
regression analyses with calculation of non-
-adjusted and adjusted odds ratios (ORs) were
used to determine possible predictors of
successful arterial recanalization, malignant
brain edema, and favorable 90-day clinical
outcome, respectively. The following variables
were included in the analyses: age, sex,
history of arterial hypertension, diabetes mel-
litus, hyperlipidemia, BMI, smoking, alcohol
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Tab. 1. Patients demographic data.

VT VT (gr‘ﬁi:e] non IVT (G;ni:iz
in CSC Group 1 in PSC Group 2 vs. Group 2) Group 3 vs. Group 3)
number of patients 203 133 NA 232 NA
age, mean + SD (years) 678 +£123 654+ 11.0 0.027 649 £ 15.0 0.314
male; n (%) 88 (43.3) 54 (40.6) 0.652 113 (48.7) 0.145
arterial hypertension; n (%) 152 (74.9) 102 (779) 0.600 174 (75.0) 0.842
diabetes mellitus; n (%) 42 (20.9) 18 (13.8) 0.110 64 (27.7) 0.010
hyperlipidemia; n (%) 72 (35.8) 58 (44.3) 0.136 86 (37.1) 0.660
smoking; n (%) 35(22.6) 29 (24.0) 0,886 32(154) 0.038
alcohol abuse; n (%) 0(0) 1(0.8) 0452 733 0.024
thiiflﬁ.hfipﬁ ;;f:rifrgioéiset; o 104 (52.3) 46 (35.1) 0.002 80 (35.7) 0.023
atrial fibrillation; n (%) 71 (35.5) 35 (26.7) 0117 97 (42.0) 0.016
previous TIA; n (%) 6 (3.0) 2(1.5) 0.488 3(1.3) 0.538
previous stroke; n (%) 24.(11.9) 8 (6.1) 0.089 29 (12.6) 0.339

CSC - comprehensive stroke center; IVT — intravenous thrombolysis; NA — not applicable; PSC — primary stroke center; SD - standard deviation;
TIA - transient ischemic attack.

Tab. 2. Logistic and baseline characteristics.

IVT IVT P value non IVT P value
in CSC Group 1 in PSC Group 2 (Group 1 Group 3 (Groups 1+2
(N =203) (N=133) vs. Group 2) (N=232) vs. Group 3)

door-to-needle time for IVT; 546+ 268 558+ 235 0218 NA NA
mean + SD (minutes)

Slown 19 g SumEie s 1165 + 689 3334489 <0.0001 821 + 1731 0445
mean =+ SD (minutes)

onset-to-needle time for IVT; 1397 +472 1313 +484 0,075 NA NA
mean + SD (minutes)

onset-to-groin puncture time; 2115+ 751 2569 + 743 <0.0001 365.6 + 5459 0147
mean + SD (minutes)

NIHSS baseline; median (IQR) 16.0 (12 - 19) 16.0 (13 - 20) 0159 156+ 69 0359
body mass index; mean + SD 281 +£42 279+45 0.61 281 +£56 0437
baseline systolic blood pressure; 1571 + 236 156.0 + 28.0 0452 154.2 +30.8 015
mean + SD; (mm Hg)

oeellne slesielic [oiogs pressu e 844+ 146 865+ 145 0156 850+ 15.7 0915
mean £ SD (mm Hg)

baseline blood glucose level; 29431 75413 0407 29434 0937
mean + SD (mmol/l)

eee e enolesizrl fevel 49+ 1] 53+ 142 0064 48+128 0103

mean =+ SD (mmol/l)

CSC - comprehensive stroke center; IQR — interquartile range; IVT — intravenous thrombolysis; NA — not applicable; NIHSS — National Institutes of
Health Stroke Scale; PSC — primary stroke center; SD — standard deviation.

abuse, atrial fibrillation, previous TIA, previous  after stroke onset, baseline NIHSS, baseline  baseline cholesterol level, IVT administration,
stroke, previous use of antithrombotic agents,  systolic blood pressure, baseline diastolic  location of arterial occlusion, procedure time
statin therapy started before or within 24 h blood pressure, baseline glucose level,  and onset-to-recanalization time. All tests
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Tab. 3. Results.

bolysis in Cerebral Infarction.

IVT IVT P value non IVT P value
in CSC Group 1 in PSC Group 2 (Group 1 Group 3 (Groups 1+2
(N =203) (N=133) vs. Group 2) (N =232) vs. Group 3)
procedure time; mean + SD (minutes) 671 +38.6 60.5 + 36.5 0172 63.0 £ 34.5 0.813
sl Sl 2748+ 795 3402+ 795 0.002 3541 +3528 0.606
mean = SD (minutes)
successful recanalization (TICI 2b-3); n (%) 160 (78.61) 103 (77.50) 0.766 168 (72.34) 0.0545
NIHSS day 7; median (IQR) 6.0 (2-12) 8.0 (3-16) 0.140 6.0 (2-15) 0610
mRS day 90; median (IOR) 20(01-5) 3.0(1-5) 0.512 3.0(1-6) 0.663
SICH occurrence; n (%) 16 (8.0) 6 (4.6) 0.163 9 (4.0) 0.194

CSC - comprehensive stroke center; IQR — interquartile range; IVT — intravenous thrombolysis; MRS — modified Rankin Scale; NIHSS — National In-
stitutes of Health Stroke Scale; PSC — primary stroke center; SD - standard deviation; SICH — symptomatic intracerebral hemorrhage; TICI - Throm-

ALL (n =568) 16.56 16.21 23.76
MCA (n=319) , 10.34 , 10.97 20',37
ICA (n=48) . 833 4.16 | 12.50
MCA + ICA (n=63) 25.39:
TICA(n=52) | 32.69 |
VA+ (n=12) 33.i33 8i.33 ZS.OOi
BA (n=74) é.]O 6.75 3%.83
0 10 20 30 40 S;O 6IO 7;0 8;0 9;0 1 (;O
% of total
mmRsO mmRs 1 mmRs2 mmRs3 mRs 4 mRs 5 mRs 6

Graph 1. Comparison of 90-day clinical outcome (modified Rankin scale) between different arterial territory occlusions.

were carried out at an alpha significance
level of 0.05. Data were analyzed using SPSS
v22.0 (IBM, Armonk, NY, USA).

Results

Data on 568 patients (313 males; mean
age 66.1 + 13.2 years) who underwent EVT
were collected from January 2006 until the
end of July 2015. Out of the 568 patients,
133 underwent EVT after IVT failure in a CSC
(79 males; mean age 654 + 11.0 years),
203 underwent EVT in a CSC after IVT

carried out in a PSC (115 males; mean
age 67.8 + 12.3 years) and 232 patients
contraindicated to IVT underwent EVT in
a CSC (119 males; mean age 64.9 + 15.0 years).

The three groups of patients did not dif-
fer in baseline characteristics except for
the time to start of EVT. Time from a CSC
admission to the start of EVT (door-to-groin
puncture time) was significantly shorter in
patients diagnosed and treated primarily
with IVT in a PSC, whereas the diagnosis was
made already in the PSC. On the contrary,

time from stroke onset to the start of the
EVT procedure was significantly shorter in
patients treated with IVT followed by EVT in
the same CSC. Procedure length did not dif-
fer significantly between groups regardless
of previous IVT. The time-to-recanalization
also did not differ significantly between the
IVT (groups 1 and 2) and non-IVT (group 3)
patients but was significantly shorter in
patients treated with IVT in a CSC (group 1)
compared to those treated with IVT in a PSC
(group 2). Onset-to-hospital arrival time
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Tab. 4. Comparison of outcomes between different arterial territory occlusions.

Infarction; VA — vertebral artery.

MCA ICA ICA + MCA T-type ICA VA+ BA

N=319 N =48 N=63 N=52 N=12 N=74
procedure time; mean + SD (minutes) 59.0+30.5 70.5+407 69.5 +£42.7 64.9 +40.5 69.25 + 278 78.5+38.0
onsetfo-recanalization time;mean 5D 0061 1153 3717141622  2674+1009 2674898 30411629 3723+ 1740
(minutes)
successful recanalization (TICI 2b-3); n (%) 251 (78.6) 31 (64.0) 41 (65.5) 36 (68.6) 7 (54.5) 53(71.4)
NIHSS day 7; median (IQR) 7 (2-15) 3.5(1-9) 7.5 (1-15) 5.5 (3-15) 3(2-6) 6.5 (2-19.75)
mRS day 90; median (IQR) 3(1-5) 1(1-3.25) 4 (1-6) 4 (1-6) 3(2-4.5) 4(1-6)
SICH occurrence; n (%) 19 (6.0) 4(8.1) 3(4.8) 4(7.7) 0(0) 1(1.7)

BA — basilar artery; ICA — internal carotid artery; IQR — interquartile range; MCA — middle cerebral artery; mRS — modified Rankin Scale; NIHSS — Na-
tional Institutes of Health Stroke Scale; SD - standard deviation; SICH — symptomatic intracerebral hemorrhage; TICI — Thrombolysis in Cerebral

rior circulation.

Tab. 5. Independent predictors of malignant cerebral edema development in ante-

Cl - confidence interval; ICA — internal carotid

Adjusted OR 95% Cl P Value
baseline NIHSS M4 M4 171 < 0.0001
baseline blood glucose level 1135 1.053 1.223 0.001
left hemisphere 0495 0.286 0.856 0.012
ICA + MCA vs. MCA occlusion 2.200 1.039 4.657 0.039
T-type ICA vs. MCA occlusion 4.580 2.282 9.193 < 0.0001

National Institutes of Health Stroke Scale; OR - odds ratio

artery; MCA — middle cerebral artery; NIHSS -

(68 vs. 75 min, respectively) and DNT did not
differ significantly between PSCs and CSCs.
The average delay of EVT start in transferred
patients was 45 min and varied depending
on the availability of EMS transfer, duration
of transfer, and work-up time in a PSC.
Unfortunately, the time of transfer and
time spent in a PSC before transfer was not
measured (Tab. 1, 2).

Patients were treated using: 1. mechanical
thrombectomy with stent retrievers (254 sub-
jects); 2. percutaneous transluminal angio-
plasty with/without stenting (157 sub-
jects); 3. endovascular sonolysis (3 subjects);
4. intra-arterial thrombolysis (24 subjects) or
5. combination of methods (130 subjects).

Overall prevalence of SICH was 5.5%. On
day 90, 46.7% of patients achieved favorable
clinical outcome (MRS 0-2) and further 8.5%
of patients achieved clinical outcome of
mRS 3. Subgroups did not differ significantly
with regard to the prevalence of SICH or
clinical outcome (Tab. 3, Graph 1). No dif-
ference was found in patients who were

treated with intra-arterial thrombolysis
alone or in combination with another
method. Favorable clinical outcome was
achieved in 55.4% of patients who had
successful recanalization (TICI 2b-3) vs.
22.1% of patients with the TICl score of 0-2a
(p < 0.0001).

The only independent negative predictor
of successful recanalization in all patients
was the duration of the procedure (adjusted
OR 0.985; 95% confidence interval (Cl):
0.976-0.993; p = 0.0002) and, in patients with
occlusion in the anterior circulation, also IVT
DNT (adjusted OR 0.986; 95% Cl 0.974-0.998,
p = 0.027). There was no significant dif-
ference in the likelihood of achieving
recanalization between subgroups with
regard to occlusion site (Tab. 4).

Higher blood glucose level at baseline and
longer DNT were identified as independent
predictors of the risk of SICH in all patients
(adjusted OR 1.016; 95% CI 1.002-1.029;
p = 0.024; and adjusted OR 1.145; 95% Cl
1.018-1.288; p = 0.024, respectively).

Higher baseline NIHSS score and blood
glucose level, right-hemisphere stroke,
ICA-MCA, and T-type ICA occlusion were
independent negative predictors of
malignant brain edema in patients who had
a stroke in the anterior circulation (Tab. 5).
No predictor of malignant brain edema was
identified for patients who had a stroke in
the posterior circulation.

Older age, history of arterial hypertension
and diabetes mellitus, baseline NIHSS,
systolic blood pressure, blood glucose level,
BMI and procedure duration were negative
predictors of favorable clinical outcome at
90 days. Isolated ICA occlusion, history of
hyperlipidemia and statin treatment were
positive predictors of favorable 90-day
clinical outcome (Tab. 6). Of these parameters,
only older age, baseline NIHSS, baseline
blood glucose level and procedure duration
were independent negative predictors of
good clinical outcome. A history of statin
treatment was an independent positive
predictor of good clinical outcome (Tab. 7).

Discussion

This is the first study comparing two systems
of organization of stroke care. Patients treated
with EVT after IVT failure admitted directly to
a CSC had significantly shorter onset-to-start
of EVT time and onset-to-recanalization time
than patients treated with IVT in a PSC and
transferred subsequently to a CSC. However,
this difference could have been even
greater should the endovascular team be in-
house in a "24/7" regimen. At present, CSC
endovascular teams in the Czech Republic
are contacted mostly by telephone [10,11].
When an occlusion of a major artery is dia-
gnosed, CSC members are telephoned
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first; subsequently, it takes (on average)
additional 40 min to start the procedure.
This delay is eliminated in patients transfer-
red from PSCs as the endovascular team ar-
rives during the patient’s transfer to a CSC.
Clinical outcome was not significantly dif-
ferent between these two groups and
a trend towards better results was observed
in patients treated directly in a CSC only.
Further shortening of the door-to-puncture
time in a CSC seems to be essential and can
show statistical significance but is limited
mainly by human and economic resources.
Nevertheless, the current two-level system
in the Czech Republic shows that both
ways, if well organized, are fully comparable,
showing similar results in terms of reach-
ing favorable clinical outcomes. Thus, the
most suitable strategy (primary transport
to a CSC or primary transport to a PSC with
secondary transport to a CSC) should be
chosen for a particular region depending on
local conditions and ensuring that IVT does
not delay EVT and vice versa.

Successful recanalization (TICI 2b-3) in
different arterial territories was achieved in
54.5-78.6% of subjects in the CERBERUS,
with the lowest prevalence being in VA+
occlusions and the highest being in MCA
occlusions. Prevalence of reperfusion (TICI
2b-3)in the anterior circulation was achieved
in 74% of patients, similarly to the results of
randomized trials (72.4-88.0% [2-6]) and
almost identically to a similar retrospective
study using data from a Belgian registry
(73%). Prevalence of recanalization achieved
in strokes in the posterior circulation in the
CERBERUS was lower than that achieved in
the Belgian registry (71 vs. 100%) [12].

Patients who underwent EVT after IVT
failure and patients contraindicated to
IVT treated with EVT only did not differ
significantly in terms of clinical outcome
(MRS 0-2 in 46.3 vs. 47.0%) and SICH (6.5
vs. 4.0%). These percentages are similar to
comparable groups in randomized clinical
trials [2-6].

Prevalence of SICH was not significantly
higher in patients treated directly in a CSC
and varied in different regions from 0% (VA+)
to 8.1% (ICA). In our study, SICH was more
prevalent in the anterior circulation (6.2%)
than in the posterior circulation (1.1%). These
results differed from those obtained in the
Belgian study (3 vs. 13%) [12]. Nevertheless,
our finding is similar to that reported by
Dornak et al, who found that in patients
treated with IVT alone (not with EVT),

Tab. 6. Predictors of good 90-day clinical outcome (modified Rankin scale 0-2).

attack.

OR 95% Cl P value
age 0977 0.964 0.989 0.0004
gender 1139 0.813 1.596 0.450
arterial hypertension 0.651 0440 0.964 0.032
diabetes mellitus 0.620 0409 0.940 0.024
hyperlipidemia 1.660 1.174 2.349 0.004
body mass index 0.950 0915 0987 0.009
smoking 1.094 0.696 1.720 0.696
alcohol abuse 0.681 0.161 2.885 0.602
atrial fibrillation 0.619 0433 0.884 0.008
previous TIA 1.723 0481 6.175 0404
previous stroke 0926 0.540 1.588 0.781
previous use of antithrombotics 0.886 0.625 1.255 0.496
i o4 ot swoeonser 168 S 237 0008
NIHSS baseline 0.865 0.835 0.896 <0.0001
baseline systolic pressure 0993 0.986 0.999 0.018
baseline diastolic pressure 0992 0.980 1.003 0.140
baseline glucose level 0.882 0.825 0.942 0.0002
baseline cholesterol level 0.960 0.794 1161 0.674
IVT administration 1.044 0.743 1468 0.802
isolated ICA occlusion 1.921 1.021 3.617 0.043
procedure time 0.994 0988 1.000 0.045
onset-to-recanalization time 1.000 0.999 1.001 0.964

Cl - confidence interval; ICA — internal carotid artery; IVT — intravenous thrombolysis;
NIHSS — National Institutes of Health Stroke Scale; OR — odds ratio; TIA — transient ischemic

Tab. 7. Independent predictors of good 90-day clinical outcome (modified Rankin

scale 0-2).

OR 95% Cl P value
age 0.968 0.949 0.987 0.001
statin therapy started before or
within 24 h after stroke onset 2018 1221 3334 0.006
NIHSS baseline 0.873 0.831 0.916 <0.0001
baseline glucose level 0914 0.836 0.998 0.045
procedure time 0.992 0.985 1.000 0.047

Cl - confidence interval; NIHSS — National Institutes of Health Stroke Scale; OR - odds ratio.

prevalence of ICH was 17.2% in patients with
stroke in the anterior circulation and 5.1%
only in patients with a stroke in the posterior
circulation. These findings could be due
to: 1. lower lesion volume in infratentorial

strokes and better collateral circulation in
comparison to the MCA; 2. the brainstem is
nourished with small-ended arteries [13].
Higher baseline blood glucose levels and
longer DNT were identified as independent
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predictors of the risk of SICH in all patients
in our study. In the study performed by
Nogueira et al, independent predictors
of hemorrhagic infarction included
diabetes mellitus, pre-procedure IVT, MERCI
thrombectomy and longer time-to-groin
puncture [14]. Higher baseline NIHSS score
and blood glucose level, right hemisphere
stroke, ICA-MCA and T-type ICA occlusion
were identified as independent negative
predictors of malignant brain edema in
our anterior circulation stroke patients.
In comparison, concurrent involvement
of the anterior cerebral artery, i.e. T-type
ICA occlusion, was the only predictor
of mortality in severe MCA stroke in the
study by Walcott et al. [15]. No predictor of
malignant brain edema was identified for
posterior circulation stroke patients in our
cohort.

In our study, older age, baseline NIHSS,
baseline blood glucose level, and EVT
duration were identified as independent
negative predictors; a history of statin
treatment was identified as an independent
positive predictor of favorable clinical
outcome. Ozdemir et al. found older age,
blood glucose level, a higher Alberta Stroke
Program Early CT (ASPECT) score, and longer
onset-to-recanalization time to be negative
predictors of favorable clinical outcome
in anterior-circulation strokes [16]. These
findings are consistent with our previous
study in posterior-circulation strokes due
to BA occlusion; higher NIHSS at the time
of treatment, longer time to treatment
and arterial hypertension were identified
as independent negative predictors of
favorable clinical outcome [17]. Likewise, the
ASPECT score [18], older age, stroke severity
and a history of diabetes mellitus were
identified as negative predictors of good
clinical outcome in posterior-circulation
strokes [19].

Favorable clinical outcome (MRS 0-2) was
identified in 33.3 (65.0%) of patients; the
lowest proportion of patients with a positive
outcome was observed in VA+ occlusions and
the highestinisolated ICA siphon occlusions.
In the CERBERUS, favorable clinical outcome
in anterior-circulation strokes was achieved
in 47.7% of patients compared to the results
of randomized trials: 32% in MR CLEAN [3],
44% in REVASCAT [4], 53% in ESCAPE [5] and
60% in SWIFT PRIME [6]. Only patients with
occlusions in large vessels were included but
selection based on computed tomography
perfusion (CTP) was not used routinely in the

CERBERUS centers. Therefore, our results are
almost identical with studies that did not use
perfusion methods [3,12]. The EXTEND-IA
trial, in which CTA/CTP was used for patient
selection, showed higher prevalence of
favorable clinical outcome (71%) [2].

Our study had several main limitations.
First, there was no control group and thus
the effect of EVT vs. IVT alone could not
be assessed. Second, since the participat-
ing centers used individual EVT protocols,
selection bias cannot be excluded. Third,
unified imaging-based selection system
was not used and no blinded evaluation of
recanalization grade was performed. Fourth,
there was no control CT scan performed im-
mediately before EVT in patients transfer-
red from a PSC to a CSC. Fifth, all data were
collected prospectively but data on some
predictive variables could have been missed.
Sixth, no central evaluation of recanalization
and outcome rates was performed. Finally,
various methods or their combination (mostly
percutaneous transluminal angioplasty
with/without stenting) were used during the
early years of EVT in the founding CERBERUS
center (Ostrava), though results were ful-
ly comparable with those from clinical trials
using stent retrievers exclusively [20].

Our study also had strengths. It was
a multicenter assessment of clinical ex-
perience with EVT that elicited similar results
to those from large randomized clinical
trials. Hence, EVT can be considered to be
efficient and safe in daily routine use in
selected patients. Only patients with IVT
failure and patients contraindicated to IVT
were included. Thus, inclusion of patients
with a favorable response to IVT (that could
have influenced the results) was minimized.

Conclusion

We showed that EVT is effective and safe. It
can be used routinely in selected patients
with acute stroke and large-vessel occlusion
and especially in those with IVT failure or
acontraindication to IVT. The benefit of direct
transfer to a CSC merits further investigation.
The trend for better clinical outcome
observed in patients treated directly in
a CSC suggests that treatment should be
in specialised centers with availability of all
treatment options. However, this strategy
could be region-specific depending on the
density of PSCs and CSCs and the distances
between them. Our study showed that in
the Czech Republic both approaches are
comparably effective and safe.
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Na www.csnn.eu naleznete ¢eskou verzi tohoto ¢lanku.

Ceska neurologicka spole¢nost CLS JEP

Ceska neurologickd spolecnost (CNS) je soucasti Ceské Iékarské spolecnosti Jana Evangelisty Purkyné (www.cls.c2).
Clenem spole¢nosti mGze stat lékaf, farmaceut, pifpadné jiny pracovnik ve zdravotnictvi a pfibuzném oboru, ktery souhlasi s poslanim a cili CLS
JEP a zavdZe se prispivat k jejich pInéni. Kazdy maze byt clenem vice odbornych spole¢nosti.

Jak se stat ¢lenem CNS?

« Vyplfte piihlasku na webovych strankach CNS www.czech-neuro.cz, registrovat se zarover mizete také do jednotlivych sekci CNS.
« Po odeslanf registrace ziskate na e-mail potvrzenf o Uspésném odeslani Vasi prihlasky.
« Schvalovéni zadostf o ¢lenstvi probiha vzdy na nejblizsi vyborové schiizi CNS, o pfijeti Vas bude informovat sekretariat CNS (sekretariat@czech-neuro.cz).

Co vam ¢lenstvi v CNS pFinese?

« Predplatné ¢asopisu Ceska a slovenska neurologie a neurochirurgie.
« Pravidelny elektronicky zpravodaj s novinkami.
« Zvyhodnéné podminky Ucasti na pravidelném neurologickém sjezdu a jinych akcich.
» MozZnost zUcastnit se soutéze o nejlepsi neurologické publikace.

Zmény udaja

V pfipadé zmény Vasich Gdajd (jména, adresy, telefonu, e-mailu apod.) nahlaste ji, prosim, ¢lenské evidenci sekretariatu CNS sekretariat@czech-neuro.cz.
Zména bude nahlasena automaticky také vydavateli ¢asopisu Ceska a slovenska neurologie a neurochirurgie a Centralnf evidenci ¢lent CLS JEP.
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