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Abstract

Stroke is a leading cause of adult disability worldwide. Clinical trials studying the reperfusion
therapies (intravenous thrombolysis and mechanical thrombectomy) in acute stroke are of proven
benefit. Speed and accuracy of diagnosis and interpretation of neuroimaging is critical

before the treatment is initiated.

This habilitation thesis is divided into four main sections. The first section summarizes briefly
stroke epidemiology and pathophysiology. The second section is devoted to modern neuroimaging
tools in acute ischemic stroke with a special emphasis put on the visual and automated detection
of early ischemic changes on baseline neuroimaging and clinical utility of the multiphase CTA.
The third section is devoted to endovascular treatment (mechanical thrombectomy) of acute
ischemic stroke. Its first part focuses on comparisons of nationwide endovascular data
from the Czech Republic with a meta-analysis HERMES (Highly Effective Reperfusion evaluated
in Multiple Endovascular Stroke Trials). Its second part presents an observational multicenter
study assessing the effectiveness and safety of endovascular treatment versus best medical
management in patients with CTA detected large vessel occlusion in anterior circulation
and mild neurological deficit using recent data from comprehensive datasets and propensity
score matching. The last section contains full texts of original publications (annexes) related

to the topic of this habilitation thesis.



Abstrakt

Cévni mozkova piithoda (CMP) je celosvétové hlavni pfic¢inou invalidity dospélych.
Randomizované studie zkoumajici reperfuzni terapii (intravendzni trombolyza a mechanicka
trombektomie) u akutni CMP prokazaly jeji jednoznacny piinos (benefit) na vysledny klinicky
stav. Rychlost apfesnost diagnostiky a interpretace neurozobrazovani je rozhodujici

pted zah4jenim rekanalizacni 1écby.

Tato habilitacni prace je rozdélena do Ctyf hlavnich ¢asti. Prvni ¢ast stru¢né shrnuje epidemiologii
a patofyziologii CMP. Druhd ¢ast je vénovana modernim neurozobrazovacim néstrojim s diirazem
na automatickou detekci ¢asnych ischemickych zmén na vstupnim neurozobrazeni a klinicky
vyznam multifazické CTA. Tieti cast je veénovana endovaskularni [é€bé (mechanické
trombektomii) CMP. Jeji prvni oddil je zaméfen na srovnani narodnich EVT dat za CR s meta-
analyzou HERMES (Highly Effective Reperfusion evaluated in Multiple Endovascular Stroke
Trials). Druhy oddil pfedstavuje observa¢ni multicentrickou studii hodnotici ti¢innost a bezpecnost
endovaskularni 1écby ve srovnani se standardni 1é¢bou u pacientd s prokdzanym uzavérem velké
mozkové tepny v predni mozkové cirkulaci a s nizkym neurologickym deficitem za pouziti
tzv. propensity score matching analyzy. Posledni ¢ast (pfilohy) obsahuje plné texty originalnich

praci souvisejicich s tématem habilitacni prace.



Section 1 — General Overview

Stroke represents a major cause of disability and is the second leading cause of death worldwide
with an incidence of about 17 million per year. Improvements in primary prevention and lifestyle
changes have led to a decreased incidence of age-adjusted stroke. Nevertheless, the overall number
of strokes cases has been increasing and is expected to accelerate over the coming decades because
of the aging in the population. It is predicted that stroke will account for 6.2% of the total burden
of illness in developed countries by 2020. Without major advances in prevention, acute
management and treatment, as well as in post-stroke rehabilitation, the burden and cost

of this disease will considerably increase. (1) (2) (3)

Pathophysiology of Ischemic Stroke

Acute occlusion of a cerebral artery or arteriole leads to an immediate decrease in arterial blood
flow in a particular vascular territory. Large vessel occlusion (LVO) caused by larger clots
are associated with more severe neurological deficits than occlusions of more distal and smaller
arteries. Immediately after the occlusion, cerebrovascular and systemic compensatory mechanisms
are activated: acute stress reaction, blood pressure increase, recruitment of collaterals, etc., in order
to maintain the sufficient perfusion. Blood flow reduction may be partially compensated
by cerebral collateral circulation at different levels, mostly at the level of leptomeningeal (pial)
collaterals. If the blood flow is above 20 ml/100 g per min (40% of a normal flow), cerebrovascular
autoregulatory mechanisms lead to increased oxygen extraction. Below this level of blood flow,
the neurotransmission will cease, and neurologic symptoms will manifest in correlation
to the affected brain areas. Neurons are able to survive for minutes, but if sufficient blood flow
is not restored they die at an average of 1.9 million nerve cells per minute. (4) The processes
of ischemic and apoptotic changes are dynamic and occur within the next few hours/days.
If the vessel is not opened and brain perfusion is not restored, the failure of these compensatory
mechanisms beside the critical decrease in arterial perfusion lead to hypoxia progressing

into ischemia, neuronal death, and eventually developing infarct. (5) (6)

Larger infarcts are associated with more severe deficits and worse functional outcome,

e.g. infarction in the whole middle cerebral artery (MCA) territory has a poor prognosis, with only
8



5% functional independence after the first year in comparison to the M2 territory infarction.
The urgent priority in acute ischemic stroke treatment is to reopen the occluded artery or arteries

(recanalization), because early recanalization improves the short-term and the long-term outcomes.

(7) (8)



Section 2 — Detection of Early Ischemic Changes and Utility of Time-
variant Multiphase CT Angiography Color Maps in Acute Anterior

Circulation Stroke due to Large Vessel Occlusion

Acute ischemic stroke (AIS) due to LVO is a highly time-critical disease. In 2015, endovascular
treatment (EVT) became the standard of care for LVO stroke patients presenting within 6 hours
from symptom onset. (9) EVT represents a powerful treatment, but its effect is time-dependent.
The overarching goal when performing EVT is therefore to treat the patient as fast as possible;
however, not all patients will benefit from EVT, and screening the eligible patients is crucial

in the selection process, in order not to cause harm. (10)

Currently, patients’ selection is based on two main pillars: clinical characteristics (e.g. severity
of neurological deficit, premorbid functional status, time of symptom onset) and brain imaging.
Brain computed tomography (CT) is the most widely used and widespread modality for stroke
imaging; non-contrast CT (NCCT), CT angiography (CTA), and CT perfusion (CTP) represent
important imaging tools, complementary to clinical examination and patient’s history, aiding

in the diagnosis and the decision-making of the subsequent therapy.

Assessment of Early Ischemic Changes

Early ischemic changes tend to develop in the first hours after stroke symptoms onset. In order
to improve the rater detection of early ischemic changes on baseline NCCT, it is important to set
up the so-called hard brain window. It assists the rater in differentiation of subtle changes
in the grey and white matter density (window width [WW] 35 to 40 Hounsfield units [HU],
window level [WL] 35-40 HU versus standard brain window WW 80 HU, WL 40 HU), Figure 1.

10



Figure 1: Comparison of the standard brain window and “hard brain” window

“f

Legend: upper row (WW 80, WL 40), lower row = hard brain window (WW 40, WL 40) for proper assessment of early

ischemic changes (marked with red ovals).

ASPECT Score

The most clinically used and validated score for assessing the extent of early ischemic changes
in the anterior circulation is the Alberta Stroke Program Early CT Score (ASPECTS). The MCA
territory is divided into 10 regions. For each region affected by early ischemic changes, one point
is subtracted from a total score of 10 including the following areas: (A) at basal ganglia level
[caudate (C), lentiform (L), internal capsule (IC), insula (I) and M1 to M3 territory]; (B) the M4
to M6 cortical regions at the supraganglional level. The ASPECTS is used as an imaging selection
tool for EVT and it was proven to be a significant predictor of functional outcome. (11) (12) (13)
On the one hand, it represents a validated grading system, and on the other and, the inter-rater
reliability is limited. There is a trend to work on developing reliable and accurate software tools

to help stroke physicians with the scan assessment and decision making.
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Automated Imaging Tools for ASPECT Scoring

Neuroimaging interpretation in acute stroke requires some level of expertise, hence it might cause
some time delays among less-experienced physicians (stroke clinician needs simple, quick
and accurate imaging tools). The e-ASPECTS software (Brainomix, Oxford, U.K.) is a fully-
automated ASPECT scoring tool for NCCT, which has previously demonstrated a scoring
at an expert level. The advantage of e-ASPECTS is its potential to eliminate the inter-rater
variability. Automated post-processing with RAPID software was used as an accurate prediction
tool for irreversibly damaged tissue (infarct core), and tissue at risk of infarction (penumbra).
Section 2.1 is devoted to this subject in detail. The main aim was to compare the assessment of early
ischemic changes by the expert reading and by the available automated software for NCCT

and CTP and ultimately demonstrate the accuracy for the final infarct prediction.

Multiphase CTA and CTP in Determination of Irreversibly Damaged Brain Tissue (Core)

Baseline neuroimaging is also used to determine how much of brain tissue is already irreversibly
damaged, since in patients with extensive early ischemic changes, tissue is unlikely to be salvaged
by EVT, and the risk of reperfusion injury (futile recanalization) is higher. There are multiple ways
of identifying irreversibly damaged tissue. The most commonly used imaging techniques are CTP
and multiphase CTA (mCTA). Both techniques have been successfully used for EVT patient
selection in randomized controlled trials, and both have their advantages and disadvantages: CTP
maps can be quickly and easily interpreted even with limited imaging experience, because
the color-coded display format is a clear visual indicator of pathology. (2) (14) (15) (16)
On the other hand, CTP is susceptible to patient motion and post-processing artifacts
and generating post-processed maps takes some time. mCTA is more robust against patient motion
and requires less contrast and radiation dose. It is equally as reliable as CTP as an EVT selection
and outcome prediction tool, and because it can easily be implemented without any additional
technical requirements, it is particularly attracts smaller hospitals and places in which
it is not possible to afford additional hardware and/or software. (17) However, the standard display
format for mCTA consists of 3 separate gray scale images of the cerebral vessels (Figure 2),
and evaluating the collaterals requires the reader to assess all three of them simultaneously.
Our research team have recently described a new color-coded mCTA display format, in which all

3 mCTA series are consolidated in a single color-coded map, thereby potentially facilitating

12



and improving mCTA interpretation, (Figure 2) and (ANNEX 1 and ANNEX 2). mCTA color-

maps therefore constitute a good alternative to facilitate interpretation of collateral status until fully
automated collateral assessment becomes routinely available, particularly for less-experienced

readers. Section 2.2 is devoted to this subject in detail.

Figure 2: Conventional and color-based collateral scoring

I.PHASE IIl.PHASE COLORVIZ

Good _ &
collaterals )

Intermediate
collaterals

Poor
collaterals

Legend: Top row — good collaterals. Most collaterals are opacified on the first mCTA phase and appear red on the color-
map, which is consistent with a zero-phase delay. The vessel extent is nearly identical to the contralateral side. Middle
row: intermediate collaterals. Most collaterals are opacified on the second mCTA phase and appear green on the color-
map, which is consistent with a one-phase delay. The vessel extent is slightly reduced compared to the contralateral
side. Bottom row: poor collaterals. The few visible collaterals are mostly opacified on the third mCTA phase and appear
blue on the color-map, which is consistent with a two-phase delay. The vessel extent is markedly reduced compared

to the contralateral side.
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Imaging Paradigms and Randomized Controlled Trials

The vanguard trials that established efficacy of EVT in patients with AIS used various imaging
criteria for patient selection. These ranged from simple paradigms like NCCT and single-phase
CTA in the MR CLEAN and the RESILIENT trial, collateral imaging using mCTA in the ESCAPE
trial and to multimodal MRI protocol in the THRACE trial. CTP was used exclusively
in the EXTEND IA trial, a mixture of advanced imaging was used in the SWIFT PRIME trial (some
mCTA and some CTP) and the late window DAWN and DEFUSE-3 trials had NCCT and CTP

paradigms.

Each approach has its advantages and its drawbacks but the lack of standardization of imaging
paradigms globally results in some misunderstanding about what types of patients are actually
being enrolled into the studies. This makes comparison of patient populations and treatment effects
difficult, but it also constitutes an opportunity to compare different imaging paradigms and try
to find an optimal imaging approach; one that provides just enough information for treatment
decision-making and outcome prediction, without delaying or compromising treatment by either
obtaining unnecessary information or excluding patients whom may have benefited from treatment.
Of all the imaging paradigms in use in patients with acute stroke, NCCT with single phase CTA
is the simplest and arguably the fastest, but reliability of assessment of the extent of early ischemic
changes is low, particularly among less-experienced physicians. Pial collateral status assessment
has high specificity if the collaterals are good on a single-phase CTA but poor collateral filling
could be a false result due to delay in timing of the contrast bolus with consequent arterial filling.
Both CTP and mCTA provide time-resolved images that try to address the issue of mistimed bolus
contrast influencing assessment of contrast enhanced CT in patients with acute stroke. In CTP,
the brain is continuously scanned over 45 — 90 seconds, while in mCTA, three scans cycles
are performed over 16-20 seconds. Due to its higher temporal resolution, the information content
in CTP images is higher when compared to mCTA, but this comes at the cost of lower spatial

resolution, higher motion susceptibility and requirement for algorithm based image postprocessing.
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Section 2.1 Detection of ischemic changes on baseline multimodal computed

tomography: expert reading vs. Brainomix and RAPID software

Based upon: CIMFLOVA, Petra, Ondrej VOLNY*(joint first author)*, Robert MIKULIK, Bohdan TYSHCHENKO,
Silvie BELASKOVA, Jan VINKLAREK, Vladimir CERVENAK, Tomas KRIVKA, Jiri VANICEK a Antonin
KRAJINA. Detection of ischemic changes on baseline multimodal computed tomography: expert reading
vs. Brainomix and RAPID software. Journal of Stroke & Cerebrovascular Diseases [online]. 2020, 29(9), 104978.
ISSN 1052-3057.

Abstract

Background — The aim of the study was to compare the assessment of early ischemic changes
by expert reading and available automated software for NCCT and CTP on baseline multimodal
imaging and demonstrate the accuracy for the final infarct prediction.

Methods — Early ischemic changes were measured by ASPECTS on the baseline neuroimaging
of consecutive patients with anterior circulation ischemic stroke. The presence of early ischemic
changes was assessed a) on NCCT by two experienced raters, b) on NCCT by e-ASPECTS,
and c) visually on derived CT perfusion maps (CBF<30%, Tmax>10s). Accuracy was calculated
by comparing presence of final ischemic changes on 24-hour follow-up for each ASPECTS region
and expressed as sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV). The sub-analysis for patients with successful recanalization was conducted.

Results — Of 263 patients, 81 fulfilled inclusion criteria. Median baseline ASPECTS was 9 for all
tested modalities. Accuracy was 0.76 for e-ASPECTS, 0.79 for consensus, 0.82 for CBF<30%,
0.80 for Tmax>10s. e-ASPECTS, consensus, CBF<30%, and Tmax>10s had sensitivity 0.41, 0.46,
0.49, 0.57, respectively; specificity 0.91, 0.93, 0.95, 0.91, respectively; PPV 0.66, 0.75, 0.82, 0.73,
respectively; NPV 0.78, 0.80, 0.82, 0.83, respectively. Results did not differ in patients
with and without successful recanalization.

Conclusion — This study demonstrated high accuracy for the assessment of ischemic changes
by different CT modalities with the best accuracy for CBF<30% and Tmax>10s.

The use of automated software has a potential to improve the detection of early ischemic changes.

15



Introduction

The ASPECTS quantifies the extent of early ischemic changes in the MCA territory on baseline
NCCT scans. (18) It has been proven to be a significant predictor of clinical outcome in patients
with AIS in the anterior circulation. (12) (13) It is also used to select patients for EVT. (11)
It represents a validated grading system, but the inter-rater variability has been questioned.
Even experienced clinicians show only a 39% agreement in the identification of ischemic changes
on NCCT involving more than one-third of the MCA territory. (19) Hence, there is a trend
to develop reliable software tools to help stroke physicians in acute scan reading and subsequent

decision making. (10) (16)

The e-ASPECTS software (Brainomix, Oxford, UK) is a fully-automated ASPECT scoring tool
for NCCT, which has previously demonstrated a scoring on expert level. The advantage of e-
ASPECTS is its potential to eliminate the inter-rater variability. (20) (21) (22) CTP has a potential
to discriminate between irreversibly damaged tissue, infarct core, and tissue at risk of infarction,
penumbra. (23) (24) It has been demonstrated that visual applying of ASPECTS into CTP
parametric maps has a strong correlation with good clinical outcome (defined as modified Rankin
scale [mRS] 0-2), with a prognostic value greater than NCCT ASPECTS. (25) (26) (27) (28)
All previous studies have shown the highest correlation of good clinical outcome with cerebral

blood volume (CBV) ASPECTS.

The most accurate prediction of irreversibly ischemic changes by automatic software post-
processing with RAPID was shown for relative cerebral blood flow (CBF) less than 30%
in comparison to the mean CBF of normally perfused brain parenchyma. (29) (30) This threshold
was used in the randomized controlled trials with patient selection based on perfusion mismatch
(SWIFT-PRIME, EXTEND-AI, DAWN, DEFUSE III) to define ischemic core. (31) (15) (32) (14)
Severe hypoperfusion has been associated with irreversible necrosis of the ischemic lesion even
after reperfusion. (33) In the DEFUSE and EPITHET meta-analysis, large regions of severe delay
(>10 s) have been associated with poor outcome after reperfusion. (34) This finding suggests
that higher Tmax may identify tissue with more severely reduced cerebral blood flow,

which may have a substantial impact on the evolution of the acute ischemic lesion.
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The main aim of our study was toevaluate how accurate the different CT modalities
with and without software processing (consensus reading, e-ASPECTS, CBF<30%, Tmax>10s)

assess early ischemic changes at baseline and what is their accuracy for final ischemia prediction.

Methods

Patient selection

Ethical approval was obtained from the local Institutional Review Boards (the Boards waived
the need for patient consent). All patients with symptoms of AIS and no history of contrast allergy
routinely underwent NCCT, mCTA from the aortic arch to the vertex and CTP in our
institution.(17) If the diagnosis of AIS was confirmed by this neuroimaging protocol, NCCT
was repeated within 24-32 hours to determine the extent and location of ischemia and diagnose
potential complications such as hemorrhagic transformation. Radiological data of consecutive
patients from March 2017 to September 2017 presenting with symptoms of AIS in the anterior
circulation within 6 hours of last seen normal (symptom onset) were retrospectively reviewed.
This time period was chosen in order to compare the reliability of the detection of early ischemic
changes while the software for automatic detection of early ischemic changes was implemented
into our institutional system. Inclusion criteria were: 1) availability of baseline NCCT
with automatic software analysis, baseline CTP and follow-up 24-hour NCCT. Exclusion criteria
were: 1) evidence of any intracranial hemorrhage or non-ischemic lesion, 2) negative findings
on baseline diagnostic imaging and no ischemic changes on follow-up CT. We defined patients
with successful reperfusion/recanalization angiografically as Thrombolysis in Cerebral Infarction
(TICI) 2b-3 in patients treated with EVT or as >40% decrease in the 24-hour NIHSS score
in patients treated with intravenous thrombolysis (IVT) only. (35) Sub-analysis of this subgroup

was conducted.

Imaging Protocol

The imaging protocol set up in our stroke center combines NCCT, mCTA and CTP
and both software programs were available during the study period for automatic analysis
(Brainomix for NCCT and RAPID for CTP). NCCT was acquired on a multi-detector scanner
(120kV, 328 mAs (419mAs/slice), Brilliance iCT 256; Philips Healthcare, Cleveland, OH)

with a section thickness of 0.9mm and an image reconstruction of 3mm. For the CTP protocol,
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40 ml of contrast agent (Iomeron 300; Mallinckrodt Pharmaceuticals; Dublin, Ireland) was power
injected at 5 ml/s followed by a saline chase of 50 ml at 5 ml/s. Sections of 8cm thickness
were acquired at 10 mm slice thickness. Scanning began after a delay of 5s from contrast injection
inevery 1.8s for 75s. After 24 hours, a NCCT was acquired for final infarct delineation

in all patients.

Image Processing

NCCT scans were automatically analysed by the e-ASPECTS software (version 6.0, Brainomix,
Oxford, UK). The e-ASPECTS software is a standardized, fully-automated, CE mark-approved
ASPECTS scoring tool for NCCT, which has previously demonstrated scoring on an expert level.
The e-ASPECTS software is based on a combination of advanced image-processing and machine-
learning algorithms. Its scoring module operates on the standardized 3D images, classifying signs
of ischemic damage and assigning them to ASPECTS regions. CT perfusion studies were post-
processed using the RAPID software (iSchemaView, Menlo Park, CA, USA) to generate perfusion
maps of cerebral blood flow (CBF), cerebral blood volume (CBV), mean transit time (MTT),
and time to the maximum of the residue function (Tmax). The RAPID software also automatically
segmented and calculated volumes of the ischemic core (relative regional CBF<30%)

and the critically hypoperfused tissue (Tmax>6s). (29)

Image review

Early ischemic changes were assessed on baseline NCCT by two experienced readers (a consultant
neuroradiologist, PC, and a stroke neurologist, OV)* using the ASPECTS score defined by Barber
et al. previously, blind to the results of the e-ASPECTS analysis, as well as to other baseline
imaging modalities and follow-up NCCT. (13) Automatic segmentations of ASPECTS regions
on e-ASPECTS derived scans were visually checked to avoid any severe inaccuracy. Otherwise,
the given e-ASPECTS score were not modified and the original e-ASPECTS was noted. CTP maps
were superposed on the CT-ASPECTS template and visually assessed by an experienced reader
(PC). Ischemic changes on CTP maps were evaluated using the ASPECTS as follows:
1) on the CBF map as the area with CBF<30 % when compared to the contralateral hemisphere
and 2) on the Tmax map as the area with Tmax>10s delay in the maximum contrast filling

within the region of interest when compared to the contralateral hemisphere (Figure 3). The reader
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was blind to findings on NCCT, perfusion baseline scans available in the summary of RAPID
analysis were visually controlled to exclude any false positive CTP findings (e.g. chronic
infarction). The final infarction was assessed on a 24-hour follow-up NCCT with consensus
of the two readers (PC, OV), during a different session, one month after the previous assessment
of the early ischemic changes on baseline NCCT. To support the reliability of the consensus
reading, two radiologists (VC, TK) evaluated ASPECTS of 40 random admission NCCT
and 40 follow-up scans (of different patients). The inter-rater agreement with the consensus
was counted using weighted kappa (x,) and Krippendorf’s alfa (¢). The moderate agreement
between raters was demonstrated for baseline NCCT (x;,=0.53-0.54; ¢=0.72) and good to excellent
agreement for follow-up imaging (;,=0.78-0.88; a=0.94)**. *PC and OV have 6-year experience
with stroke imaging evaluation, 5-year experience in comprehensive stroke centre and both

were trained in ASPECTS reading as members of the Calgary Stroke Program.

Statistical Analysis

Clinical and imaging baseline characteristics were summarized using descriptive statistics.
The accuracy, sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) were calculated for particular ASPECTS regions (81 patients x 10 ASPECTS regions)
at baseline imaging (e-ASPECTS, expert consensus reading, CBF<30%, Tmax>10s)
in comparison with ASPECTS regions at the follow-up CT. The Bland-Altman plots
were calculated to compare the differences between each baseline imaging method and follow-up
ASPECTS. The sensitivity analysis of pooled data for the group with determined successful
reperfusion/recanalization was conducted; clinical and imaging baseline characteristics
were summarized using descriptive statistics and compared to the group with non-determined
recanalization/reperfusion using Wilcoxon rank sum test; the accuracy, sensitivity, specificity,
PPV, NPV as well as Bland-Altman plots were calculated. To compare the two subgroups,
we calculated residuals between follow-up ASPECTS and each baseline ASPECT score method
(e-ASPECTS, expert consensus reading, CBF<30%, Tmax>10) and analysed these residuals using
Wilcoxon rank sum test. This study provides hierarchically structured data with 3 levels: subject
ID, imaging modalities (e-ASPECTS, expert consensus reading, CBF<30%, Tmax>10s,
and follow-up ASPECTS); and ASPECTS regions (M1-M6, Insula, Lentiform, Capsula, Caudate).

We regarded regions as a fixed effect. The generalized estimating equation accommodating
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clustering at the subject ID level was used (PROC GENMOD; SAS Institute Inc, Cary, NC). LS-
means estimates of fixed effect “region” computed from generalized mixed model were graphically
illustrated. All analyses were performed in Stata 16.1 (StataCorp LLC, College Station, TX, USA)
and SAS 9.3 (SAS Institute, Cary, NC, USA).

Results

Baseline scans of 263 patients were retrospectively reviewed; 16 patients with intracranial
hemorrhage and 166 patients with either negative findings on all imaging modalities or missing
follow-up imaging were excluded. Overall, 81 patients met all the criteria and were included
into the analysis. Mean age was 70 years (standard deviation [SD] 14 years, range 30-92 years),
38 (46,9%) were women. Median baseline NIHSS was 9 (interquartile range [IQR]=4-17).
The median time interval from symptom onset to CT was 156 mins (IQR=71-220);
there were 12 patients with the unknow time of symptom onset or wake-up stroke. Median baseline
ASPECTS was 9 for all tested modalities (IQR=8-10 for e-ASPECTS, IQR=7-10 for consensus,
IQR=7-10 for CBF<30%, IQR 6-10 for Tmax>10s, median ASPECTS on follow-up NCCT was 8§,
IQR=5-9), left hemisphere was affected in 44 cases (54.3%). Fifty patients received intravenous
thrombolysis and 19 patients had mechanical thrombectomy. Reperfusion was achieved
in 11 patients in the mechanical thrombectomy group and in 22 patients in the IVT group, the data
from mechanical thrombectomy and intravenous thrombolysis groups were pooled for further

analysis (as determined recanalization).

Accuracy of baseline ASPECTS and follow-up ASPECTS was 0.76 for e-ASPECTS, 0.79
for expert consensus, 0.81 for CBF<30% and 0.8 for Tmax>10s. Sensitivity and specificity were
0.41 and 0.91 for e-ASPECTS; 0.46 and 0.93 for expert consensus; 0.49 and 0.95 for CBF<30%;
0.57 and 0.91 for Tmax>10s respectively. PPV and NPV were 0.66 and 0.78 for e-ASPECTS; 0.75
and 0.8 for expert consensus; 0.82 and 0.81 for CBF<30%; 0.73 and 0.83 for Tmax>10s,
respectively, Figure 4 and Table 1. Bland-Altman plots comparing differences in scores
of baseline ASPECTS and follow-up ASPECTS are demonstrated in Figure 5. The mean
difference between e-ASPECTS and follow-up was -1.16 + 2.52 (median undercall of ASPECTS
was -1), expert consensus and follow-up -1.16 + 2.23 (median undercall was -1), CBF<30%

and follow-up -1.15 £ 1.77 % (median undercall was -1), and Tmax>10s and follow-up -0.59 +
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1.86 (median undercall was 0). The ASPECTS was rated as lower on baseline imaging in 15/81
cases for e-ASPECTS, 11/81 for expert consensus, 6/81 for CBF<30, and in 15/81 cases

for Tmax>10s.

Sensitivity analysis

Clinical and imaging baseline characteristics for patients with determined successful recanalization
were not significantly different in comparison to the subgroup of patients with non-determined
recanalization (Table 2). The results of the subgroup analysis in patients with successful
reperfusion/recanalization are graphically demonstrated in Figure 6 (Table 3). Accuracy
of baseline ASPECTS and follow-up ASPECTS was 0.79 for e-ASPECTS, 0.81 for expert
consensus, 0.83 for CBF<30% and 0.82 for Tmax>10s. Sensitivity and specificity were 0.51
and 0.90 for e-ASPECTS; 0.53 and 0.92 for expert consensus; 0.55 and 0.94 for CBF<30%; 0.66
and 0.89 for Tmax>10s, respectively. PPV and NPV were 0.67 and 0.82 for e-ASPECTS; 0.73
and 0.83 for expert consensus; 0.77 and 0.84 for CBF<30%; 0.7 and 0.87 for Tmax>10s,

respectively.

Bland-Altman plots for the subgroup analysis comparing differences in scores of baseline
ASPECTS and follow-up ASPECTS are demonstrated in Figure 7. The mean difference
between e-ASPECTS and follow-up was -0.70 + 2.48 (median undercall of ASPECTS was -1),
expert consensus and follow-up -0.79 + 2.33 (median undercall was 0), CBF<30% and follow-up
-0.82 £ 1.77 (median undercall was -1), and Tmax>10s and follow-up -0.21 £ 1.74 (median
undercall was 0). The ASPECTS was lower on baseline imaging in 7/33 cases for e-ASPECTS,
6/33 for expert consensus, 5/33 for CBF<30% , and in 9/33 cases for Tmax>10s.
There was no significant difference between residuals of the follow-up ASPECTS
and each baseline ASPECTS for the two subgroups (determined recanalization versus non-
determined recanalization group), the median undercall of baseline ASPECT scores was -1 point
in comparison to the follow-up ASPECTS for the baseline methods in the subgroup with non-
determined recanalization and for CBF<30% and e-ASPECTS in the subgroup with determined
recanalization. There was atrend observed for Tmax>10s that show a higher precision
in the subgroup with determined successful recanalization with the median undercall of 0 points.

(Table 4). Results from generalized mixed model are illustrated in Figure 8.
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Figure 3: Comparison of CT imaging modalities and evaluation of early ischemic changes

Legend: Baseline ASPECTS was assessed as follows: 10 points on NCCT by expert reading (A), 9 (lentiform)
by automatic e-ASPECTS (B) and 6 (M2, M3, insula, lentiform) on Tmax>10s CTP maps (C). Follow-up CT (D)
shows the ischemic changes within insula, lentiform and M5 (ASPECTS 7); and hemorrhagic transformation within

the right insula.
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Figure 4: Accuracy, sensitivity, specificity, positive predictive value, negative predictive value

of baseline ASPECTSs evaluated by e-ASPECTS, consensus (expert reading), CBF<30%

and Tmax>10s)
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Figure 5: Bland-Altman plots
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Legend: Bland-Altman plots illustrating the level of agreement between the baseline and follow-up ASPECTS for
different baseline CT modalities and means of evaluation (software vs. expert reading). Solid line indicates the mean

difference between the baseline and follow-up, dashed lines indicate the limits of the agreement.

24



Figure 6: Subgroup analysis of patients with successful reperfusion — accuracy, sensitivity,
specificity, positive predictive value and negative predictive value for baseline assessment (e-
ASPECTS, consensus, CBF<30% and Tmax>10s) and final ischemic changes on follow-up
NCCT
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Legend: ACC — accuracy; TPR — true positive value/sensitivity, TNR — true negative value/specificity, PPV — positive

predictive value, NPV — negative predictive value
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Figure 7: Bland-Altman plots for the subgroup analysis of patients with successful

recanalization/reperfusion (MT and IVT group pooled data)
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Legend: Bland-Altman plots compare the baseline ASPECTS and follow-up ASPECTS for baseline CT modalities
and different means of assessment. Solid line indicates the mean difference between baseline and follow-up, dashed

lines indicate the limits of the agreement.
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Figure 8: Least square means estimates of fixed effect “region” computed from generalized

mixed model
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Legend: The least square means (Ls-means) estimates were computed from a generalized mixed model (fixed effect
was ASPECTS region). Follow-up NCCT was used as a reference grid. Results expressed on a logit scale demonstrate
the highest agreement for final ischemia in insula and M5 region regardless the used CT modality and scoring approach.

The lowest odds were demonstrated for internal capsule, which also showed the highest variability in scoring.
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Table 1: Accuracy, sensitivity, specificity, PPV and NPV of baseline ASPECTS (e-ASPECTS,

consensus, CBF<30% and Tmax>10s) vs. follow-up imaging

Accuracy Sensitivity Specificity PPV NPV
e-ASPECTS vs. follow-up 0.76 041 091 0.66 0.78
Consensus vs. follow-up 0.79 0.46 0.93 0.75 0.8
CBF<30% vs. follow-up 0.81 0.49 0.95 0.82 0.81
Tmax>10 s vs. follow-up 0.80 0.57 0.91 0.73 0.83

Legend: ASPECTS = Alberta Stroke Program Early CT Score; CBF = cerebral blood flow; NPV = negative predictive

value; PPV = positive predictive value; Tmax = time to maximum.
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Table 2: Comparison of patient baseline characteristics for the whole dataset (n=81)

and a subgroup of patients with determined successful recanalization (n=33)

Dataset Recanalization P-value*
N=81 subgroup N=33
Female sex —n (%) 38 (46.9) 13 (39.4) 0.26
Age — median (IQR) 71 (62 - 81) 69 (62 — 80) 0.54
Affected left side —n (%) 44 (54.3) 18 (54.55) 0.97
Baseline NIHSS — median (IQR) 9(4-17)! 14 (7-17.5)! 0.002
Baseline ASPECTS — median (IQR) 9(7-10) 9 (6.5-10) 0.41
Onset to baseline CT in min — median 156 (71-220)? 110 (67-216)? 0.41

(IQR)
Legend: IQR = interquartile range, NIHSS = National Institutes of Health Stroke Scale, ASPECTS = Alberta Stroke

Program Early CT Score, EVT = endovascular treatment

*Derived from Wilcoxon rank sum test for two subgroups — determined successful recanalization versus non-
determined recanalization

! computed for n=79 and subgroup n=32

2 computed for n=69 and subgroup n=31
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Table 3: Subgroup analysis of patients with successful reperfusion/recanalization — accuracy,

sensitivity, specificity, PPV and NPV of baseline ASPECTSs (e-ASPECTS, consensus,

CBF<30% and Tmax>10s) vs. follow-up imaging

Accuracy Sensitivity Specificity PPV NPV

e-ASPECTS vs. follow-up 0.79 0.51 0.93 0.67 0.82
Consensus vs. follow-up 0.81 0.53 0.92 0.73 0.83
CBF<30% vs. follow-up 0.83 0.55 0.54 0.77 0.84
0.82 0.66 0.89 0.69 0.87

Tmax>10 s vs. follow-up

Legend: ASPECTS = Alberta Stroke Program Early CT Score; CBF = cerebral blood flow; NPV = negative predictive

value; PPV = positive predictive value; Tmax = time to maximum.
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Table 4: Comparison of residuals for the follow-up ASPECTS and the baseline ASPECTS
for the subgroups of patients with determined successful recanalization versus non-

determined recanalization

Determined Non-determined p-value*
recanalization recanalization
n=33 n=48
e-ASPECTS — median (IQR) -1(-3-0) -1(-1-0) 0.54
Consensus — median (IQR) -1(-2.5-0) 0(-2-0) 0.15
CBF <30% — median (IQR) -1(-2-0) -1(-2-0) 0.26
Tmax >10s — median (IQR) -1(-2-0) 0(-1-1 0.03

Legend: ASPECTS = Alberta Stroke Program Early CT Score; CBF = cerebral blood flow; Tmax = time to maximum.

*Derived from Wilcoxon rank sum test
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Discussion

In this study we demonstrated high sensitivity and specificity for detection of acute ischemic
changes for CT imaging modalities including assessment of acute ischemic changes
by experienced readers and clinically available software. Unlike in previous studies, we have
focused on CTP parameters representing either ischemic core (CBF<30%) or severely
hypoperfused tissue (Tmax>10s), parameters that were not analyzed previously in the perspective
of ASPECT scoring. CBF <30% is nowadays widely accepted to represent the ischemic core
with the high sensitivity and specificity and with low overestimation of the core, that could result
in unwarranted exclusion of patients who could benefit from reperfusion. (29) In contrast
to Tmax>6s, which is used to define penumbra, we evaluated a more severe delay, Tmax>10s,
representing the critically hypoperfused tissue, which is associated with irreversible necrosis

of the ischemic lesion even after reperfusion. (33)

The highest specificity was observed for CTP parameter, rCBF<30%, assessed visually on CTP
maps processed by RAPID software. This CTP parameter also showed the highest positive
predictive value for final ischemic changes. Moreover, the CTP parameter of Tmax delay >10s,
representing a severe hypoperfusion, showed the highest sensitivity and high accuracy
for prediction of final ischemic lesion (within the whole dataset as well as in the subgroup analysis
of successful reperfusion/recanalization). Tmax delay >10s was studied previously —
the association of large Tmax>10s lesion and malignant MCA profile was showed in previous
studies. (30) (36) Tmax volumes at a delay of >8s and >10s were strongly correlated with clinical
outcome. (37) Our findings support the importance of this parameter in the detection of irreversible
ischemic changes on baseline neuroimaging. We demonstrated that both CBF <30% and Tmax>10s
have high accuracy in detection of early ischemic changes as shown previously for CBV and these
changes could be easily assessed on the derived perfusion maps from RAPID analysis. (25) (26)
(27) (28)

The Blant-Altman plots showed the lowest difference in baseline ASPECTS and follow-up
ASPECTS for Tmax>10s. The other baseline methods showed similar differences in baseline
and follow-up ASPECTS with the median undercall of the baseline score of 1 point (these findings
did not differ when we analyzed the residuals between follow-up ASPECTS and baseline
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ASPECTS for the subgroups with determined/non-determined recanalization). The CBF <30%
and Tmax>10s also demonstrated the lowest data dispersion for baseline and follow-up ASPECTS.
This indicates that these perfusion parameters may represent irreversibly affected tissue with higher
accuracy in comparison to detectable changes on baseline NCCT. Nevertheless, the semi-
automated analysis showed similar results with expert reading. This finding suggests a comparable
diagnostic value of the software evaluation and expert reading in the acute stroke management.
Although e-ASPECTS showed the lowest accuracy and sensitivity among the tested baseline
methods, the accuracy of 0.76 could still be considered as good, the sensitivity analysis also did not
show any significant difference between baseline methods for the tested subgroups.
The comparable findings for e-ASPECTS and other studied imaging methods implicates

the benefit of software evaluation for less experienced readers.

We observed a certain level of variability in assessment of particular ASPECTS regions.
The highest odds for agreement in evaluation of baseline ischemic changes and final ischemia
was demonstrated for insula regardless the baseline imaging modality and the way of ASPECT
scoring. It was demonstrated previously that the insular ribbon sign represented a very early
ischemic change in the middle cerebral artery strokes. (38) Contrarily, the lowest odds
for agreement between multimodal baseline and follow-up imaging was observed in the internal
capsule. That might be explained by difficulties in the visual assessment of hypoattenuation
within this region as the internal capsule is naturally less hypodense on NCCT. (39) This small
subcortical region might also be challenging to be distinguished on the CTP maps as hypoperfused.
Additionally, there was low variability demonstrated for all cortical ASPECTS regions, caudate
and lentiform. It may reflect that early ischemic changes of the insula are easy to detect even
with the low experience, but assessment of early ischemic changes within the internal capsule

might be problematic also for experienced readers.

We are aware of some limitations of this study. First of all, this was a single center observational
study. The patients were not selected according to the recanalization rate. Information
about the recanalization status was available only in patients indicated to mechanical
thrombectomy. Nevertheless, due to a limited (6-months) period when the e-ASPECTS software

was available at our institution, we decided to include all patients meeting our inclusion criteria
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regardless of the treatment or recanalization status. We also did not focus on the correlation
of ASPECTS and final clinical outcome, as this relationship has been studied in other work.(40)
The main purpose of this work was to evaluate the accuracy of ASPECTS assessment on baseline
multimodal imaging. We are also aware of a possible misinterpretation of particular regions caused
by visual application of ASPECTS regions into the CTP maps processed by RAPID software.
At the time of the patient recruitment, the RAPID CTP software presented only the volumes
of impaired tissue perfusion (not co-registered within the ASPECTS regions). The automatic
segmentation of ASPECTS regions on e-ASPECTS scans also has its limitations and beside
the visual control to avoid any severe inaccuracy we did not tend to correct the automatic
segmentation and given ASPECTS scoring as we aimed to test the accuracy of commercially

available version of the software.

There are a few potential pitfalls in regard of the detection of acute ischemic changes
with automatic analysis. There might be a false positive finding on CTP maps in patients
with a subacute or chronic infarction. The RAPID software automatically segments and removes
areas with very low CBF, such as CSF spaces and other extra-parenchymal tissue, so in most cases
subacute/chronic infarction is also excluded. Another known pitfall is that CTP maps do not display
an infarcted area if the reperfusion was achieved ahead of the imaging, even though
there is evidence of the infarction on NCCT. These potential pitfalls highlight the necessity
of a visual control of CTP derived maps with NCCT or other available imaging as well as a control

of the correct placement of arterial input function and venous output function.
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Section 2.2 — Utility of Time-Variant Multiphase CTA Color Maps in Outcome

Prediction for Acute Ischemic Stroke Due To Anterior Circulation LVO

Based upon: OSPEL, Johanna M., Petra CIMFLOVA, Ondrej VOLNY, Wu QIU, Moiz HAFEEZ, Arnuv
MAYANK, Mohamed NAJM, Kevin CHUNG, Nima KASHANI, Mohammed A. ALMEKHLAF]I, Bijoy K. MENON
a Mayank GOYAL. Utility of Time-Variant Multiphase CTA Color Maps in Outcome Prediction for Acute Ischemic
Stroke Due to Anterior Circulation Large Vessel Occlusion. Clinical Neuroradiology [online]. 2020. ISSN 1869-1439.

Abstract

Background — mCTA is an established tool for EVT decision-making and outcome prediction
in acute ischemic stroke. We aimed to determine whether mCTA-based prediction of clinical
outcome and final infarct volume can be improved by assessing collateral status on time-variant
mCTA color maps rather than using a conventional mCTA display format.

Methods — Patients from the PRove-IT cohort study with anterior circulation LVO were included
in this study. Collateral status was assessed with a three-point scale using the conventional display
format. Collateral extent and filling dynamics were then graded on a three-point scale using time-
variant mCTA color-maps. Multivariable logistic regression was performed to determine
the association of conventional collateral score, color-coded collateral extent and color-coded
collateral filling dynamics with good clinical outcome and final infarct volume.

Results — A total of 285 patients were included in the analysis and 53% (152/285) of the patients
achieved a good outcome. Median infarct volume on follow-up was 12.6 ml. Color-coded collateral
extent was significantly associated with good outcome (adjusted odds ratio [adjOR] 0.53, 95%
confidence interval [CI]:0.36-0.77) while color-coded collateral filling dynamics (adjOR 1.30
[95% CI:0.88-1.95]) and conventional collateral scoring (adjOR 0.72 [95%CI:0.48-1.08]) were
not. Both color-coded collateral extent (adjOR 2.67 [95%CI:1.80-4.00]) and conventional
collateral scoring (adjOR 1.84 [95%CI:1.21-2.79]) were significantly associated with follow-up
infarct volume, while color-coded collateral filling dynamics were not (adjOR 1.21 [95%CI:0.83—
1.78]).

Conclusion — Collateral extent assessment on time-variant mCTA maps improved prediction
of good outcome and has similar value in predicting follow-up infarct volume compared

to conventional mCTA collateral grading.
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Introduction

Acute ischemic stroke due to LVO is a highly time-critical disease. In 2015, EVT became
the standard of care for LVO strokes presenting within 6 hours from symptom onset.
There are many ways of identifying irreversibly damaged tissue; the most commonly used imaging
techniques are CT perfusion and mCTA. Both techniques have been successfully used for EVT
patient selection in randomized controlled trials. (14) (15) (2) (16) We have recently described
a new color-coded mCTA display format, in which all 3 mCTA series are consolidated in a single
color-coded map, thereby potentially facilitating and improving mCTA interpretation. (41)
The purpose of this study was to compare prediction of clinical outcome and final infarct volume
in acute ischemic stroke due to LVO using a conventional mCTA display format vs. time-variant

color maps.

Methods

Patient Population

The Precise and Rapid Assessment of Collaterals Multiphase CTA in the Triage of Patients
with Acute Ischemic Stroke for IA Therapy (Prove-IT) study was a prospective multicenter cohort
study that enrolled 464 patients who presented with symptoms consistent with AIS
(NCT02184936). Patients were eligible for the study if they presented to the emergency
department with symptoms consistent with AIS, were older than 18 years, and mCTA and CTP
were performed within 12 hours of symptom onset and before recanalization therapy. We included
patients with anterior circulation LVO (internal carotid artery, M1 or proximal M2 MCA
occlusions). Enrolled patients in who baseline NCCT and mCTA images were incomplete

or not interpretable were excluded from this analysis.

Image Acquisition

NCCT and mCTA: NCCT was acquired with 5 mm slice thickness. The mCTA scans consisted
of three phases, with arch to vertex coverage in the first (arterial) and skull base to vertex coverage
the second (peak venous) and third (late venous) phases. Detailed mCTA acquisition parameters
have been published previously.(17) Axial images with 1 mm overlap and multiplanar axial,
coronal and sagittal reconstructions with 3 mm thickness, 1 mm intervals and 1 mm overlap

for the first phase were then generated as well as axial maximum intensity projections (MIPs)
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for all three phases. Time variantmCTA color maps were generated with the FastStroke research
prototype (GE Healthcare, Milwaukee, WI, USA) and displayed as axial, coronal, sagittal,
and oblique MIP reformations. Color-coding of the collaterals is hereby based on a per-patient
adaptive threshold technique; vessels with maximum enhancement in the pre-venous phase
are displayed in red, those with maximum enhancement in the peak venous phase and late venous

phase are displayed in green and blue, respectively (Figure 2). (41)

Image Interpretation

All images were assessed in a consensus reading (by a neurologist OV and neuroradiologist JO).
ASPECTS was scored on 5 mm reconstructed axial unenhanced NCCT images. Occlusion site
was determined on axial mCTA MIP images and was reported as either terminal internal carotid
artery, M1 segment or proximal M2 segment. We decided to include the proximal M2 segment
in our analysis, since most physicians consider proximal M2 occlusions as LVO and as appropriate
target lesions for EVT. (42) Proximal M2 occlusions were hereby defined as Sylvian segment

M2 occlusions located within 1 cm from the MCA bifurcation.

Conventional mCTA Collateral Grading: The delay and extent of collateral filling was graded
on axial MIPs of the three mCTA phases. A trichotomized collateral scale as used in the ESCAPE
(2) and ESCAPE NA1 (43) trials was applied:

Poor collaterals: no or only few vessels visible in any phase within the occluded vascular territory
compared to the asymptomatic contralateral hemisphere.

Intermediate collaterals: delay of two phases in filling in of peripheral vessels or a one-phase delay
and some ischemic regions with only few or no vessels compared to the asymptomatic contralateral
hemisphere.

Good collaterals: no delay or 1 phase delay in filling of peripheral vessels with identical or increased

prominence of vessels compared to the asymptomatic contralateral hemisphere.
Collateral Grading on Time-variant Color Maps: Both delay and extent of collateral filling were

graded on a trichotomized scale on axial color-coded MIPs. In other words, in the color-map based

assessment, two separate scores were applied for collateral filling dynamics and collateral extent,
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as opposed to conventional mCTA scoring, in which both of these factors were graded in a single

SCore.

Collateral extent was graded as follows:

Normal or almost normal extent (>90%) of visible vessels within the occluded vascular territory
compared to the contralateral hemisphere.

Vessel extent 50-90% within the occluded vascular territory compared to the contralateral
hemisphere.

Vessel extent <50% within the occluded vascular territory compared to the contralateral

hemisphere.

Collateral delay was graded as follows:

Predominantly no delay (most vessels are displayed in red) within the occluded vascular territory.
Predominantly 1 phase delay (most vessels are displayed in green) within the occluded vascular
territory.

Predominantly 2 phase delay or no collaterals (most vessels are displayed in blue/no vessels visible

at all) within the occluded vascular territory.

Follow-up infarct volumes were measured by summation of manual planimetric demarcation
of infarct on axial NCCT or diffusion-weighted imaging magnetic resonance imaging (DWI-MRI)

follow-up imaging at 24-32 h.

Interrater Agreement

To determine interrater agreement for scoring of collateral extent and filling dynamics on time-
variant mCTA color maps, a neuroradiologist and a medical student independently reviewed
30cases in 2 separate reading sessions with a I-week break between the sessions
(session 1: conventional collateral scoring, session 2: assessment of collateral extent and filling
dynamics on time-variant color maps). The readers had access to the site of occlusion, age
and baseline National Institutes of Health Stroke Scale (NIHSS), but they were blinded to all other

baseline information and patient outcomes.

38



Statistical Analysis

Patient baseline characteristics were described using descriptive statistics. Univariable
and multivariable logistic regression was used to determine the association of conventional
and color-coded collateral scores and a) good outcome, defined as mRS 0-2 at 90 days (primary
outcome), and b) follow-up infarct volume (secondary outcome). Follow-up infarct volume
was hereby included in the models as binary variable (infarct volume below or equal to vs.
above the median infarct volume in the study sample). Information loss across models
was compared using the Akaike and Bayesian information criteria (AIC, BIC) and the area
under the curve (AUC). Adjustment was performed for patient age, sex and baseline NIHSS.
Since the follow-up imaging modality could influence follow-up infarct volume measurements;
sensitivity analysis was performed for follow-up infarct volume as dependent variable for patients
with NCCT vs. DWI-MRI follow-up imaging. Interrater agreement was assessed using the Kappa
statistics. All statistical tests were two-sided and conventional levels of significance (alpha=0.05)
were used for interpretation. All analysis was performed using Stata 15.1 (Stata Corp LLC, College
Station, TX, USA).

Results

Out 0f 464 patients 285 were included in the analysis. When using the trichotomized grading system
on conventional display format, 60.7% (173/285) patients had good collaterals, 30.2% (86/285)
had intermediate and 9.1% (26/285) poor collaterals. Collateral extent on time-variant color maps
was normal or almost normal in 50.9% (145/285) patients, a collateral extent of 50-90% compared
to the contralateral hemisphere was seen in 34.0% (97/285), and a collateral extent of less than 50%
compared to the contralateral hemisphere in 15.1% (43/285). When using time-variant color maps,
there was mostly no delay in 14.4% (41/285), mostly a one-phase delay in 56.5% (161/285)
and mostly a two-phase delay in 29.1% (83/285).

Collateral Grading and Clinical Outcome

Overall, 53.3% of patients (152/285) achieved a good outcome at 90 days. Table 5 shows
unadjusted and adjusted measures of effect size for the association of conventional collateral grade,
color-coded collateral extent, color-coded collateral filling dynamics and good clinical outcome,

as well as the respective AIC, BIC, and AUC values for the multivariable models.
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Collateral Grading and Follow-up Infarct Volume

Infarct volume was available for 93.0% (265/285) patients. Median final infarct volume was 12.6
ml (IQR 1.7-49.2). Table 6 shows unadjusted and adjusted measures of effect size
for the association of conventional collateral score, color-coded collateral filling dynamics, color-
coded collateral extent and follow-up infarct volume (infarct volume equal to or below vs.
above the median infarct volume), as well as the respective AIC, BIC, and AUC values
for the multivariable models. Interrater agreement for color-coded grading of collateral filling

dynamics and collateral extent was substantial (Kappa=0.69 and 0.74, respectively).
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Table 5: Association of conventional and color-map based collateral grade and good clinical

outcome (N = 285)

Collateral score Unadjusted OR Adjusted OR ? AIC® BIC"® AUC?®
(95% CI) (95% CI) (95% CI)
Conventional score 0.62 (0.43-0.89) 0.72 (0.48-1.08) 350.0 368.2 0.74
(0.69-0.80)
Color-map based collateral 0.54 (0.39-0.75) 0.53 (0.36-0.77) 340.9 359.2 0.76
extent (0.70-0.81)
Color-map based filling 1.21 (0.84-1.74) 1.30 (0.88-1.95) 350.8 369.1 0.74
delay (0.68-0.80)

Legend: OR odds ratio, 95% CI 95% confidence interval, AIC Akaike information criterion, BIC Bayesian information

criterion, AUC area under the curve
aAdjusted for patient age, sex and baseline National Institutes of Health Stroke Scale

bDerived from adjusted models
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Table 6: Association of conventional and color-map based collateral grade and final infarct

volume (N =265)

Collateral score Unadjusted OR Adjusted OR ? AIC® BIC"® AUC?®
(95% CI) (95% CI) (95% CI)
Conventional score 2.05(1.37-3.07) 1.84 (1.21-2.79) 354.2 372.1 0.67
(0.60-0.73)
Color-map based 2.99 (2.04-4.40) 2.67 (1.80—4.00) 336.4 354.3 0.72
collateral extent (0.66-0.78)
Color-map based filling 1.29 (0.89-1.87) 1.21 (0.83-1.78) 361.7 379.6 0.63
delay (0.57-0.70)

Legend: Final infarct volume was coded as a binary variable in this analysis (volume below vs. above the median

infarct volume)

OR odds ratio, 95% CI 95% confidence interval, A/C Akaike information criterion, B/C Bayesian information criterion,

AUC area under the curve

aAdjusted for patient age, sex and baseline National Institutes of Health Stroke Scale.

bDerived from adjusted models
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Discussion

Our study has the following main findings: 1) color-coded mCTA grading of collateral extent
improves prediction of good outcome at 90 days, and its performance in predicting follow-up
infarct volume is similar compared to conventional collateral grading, 2) color-coded mCTA
grading of collateral filling dynamics performs worse than conventional collateral grading and 3)
interrater agreement for color-coded mCTA grading of collateral extent and filling dynamics

1s substantial.

Assessing collateral status on mCTA using a conventional display format, i.e. three separate series
that are usually linked by the reader and then assessed in conjunction, takes both collateral filling
dynamics and extent into account. (44) When using time-variant mCTA color maps, collateral
extent and filling dynamics are graded separately. When color-coded collateral extent was used
to predict good outcome and follow-up infarct volume in our study, information loss was lower
and discrimination better compared to conventional mCTA collateral scoring and color-coded
scoring of filling dynamics. These results potentially indicate that collateral extent reflects tissue
viability more accurately compared to collateral filling dynamics. In a previous study, d’Esterre
et al. assessed collateral extent and filling dynamics on conventional mCTA images and found
that the former was not independently associated with follow-up infarction, while washout,
a parameter that partly reflects filling dynamics, was associated with follow-up infarction. (45)
The apparently contradictory findings between their study and our study could be explained
by the fact that in the current study, the entire hemisphere was assessed, while d’Esterre et al.
evaluated brain tissue per ASPECTS region. Both the current study and the study by d’Esterre et al.
relied on visual assessment of collaterals, which will always be subject to some degree of interrater
variability. This variability could also explain the different results. Automation of collateral scoring
could mitigate this problem, butthe automated assessment would have to be available
instantaneously, and integration of thetechnology into routine clinical practice will take some time.
(46) Software to generate time-variant mCTA maps on the other hand is already available,
and the color-maps can be generated within a few seconds. mCTA color-maps therefore constitute
a good alternative to facilitate interpretation of collateral status until fully automated collateral
assessment becomes routinely available, particularly for less experienced readers. Indeed,

when comparing a non-expert to an expert reader, interrater agreement for color-map based
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collateral grading in our study was substantial. Agreement was higher for color-map based grading
of collateral extent compared to filling dynamics. This suggests that the latter is more challenging,
which could be the reason for the lacking association of collateral filling dynamics and clinical
outcome/follow-up infarct volume. The predictive utility of conventional collateral assessment,
while it was still good overall, was slightly lower when compared to color-map based grading
of collateral extent. It is possible that complications that happened after treatment in the 3-month
follow-up period have influenced the association with clinical outcomes, while the efficacy
of treatment (either EVT or IVT) might have influenced the association of collateral grade
and follow-up infarct volumes, although the latter two points wouldin theory affect
both conventional and color-map based collateral grading. The exact reasons for the differences

in predictive power remain therefore unknown at the time being.

Limitations

Our study has several limitations: First, assessing infarct volumes on NCCT can be challenging,
since the infarct is often not clearly demarcated. Second, we restricted our analysis to patients
with LVO (including proximal M2 occlusions); our findings can thus not be generalized to more
distal occlusion sites. Third, reperfusion status is an important predictor of infarct volume
and outcome, but since vascular imaging was not available in all patients, we could not stratify
our analysis by reperfusion status. Fourth, recanalization data were missing in a relatively large
number of patients, partly because it was impractical to obtain follow-up vascular imaging in many
local institutional settings, and partly because it does not have a therapeutic consequence in the vast
majority of cases. Fifth, we showed that color-map based assessment of collateral extent
is significantly associated with good outcome and infarct volume in LVO patients, but we could
not assess in our study whether and how this alters clinical decision-making. Doing so would
warrant a diagnostic randomized controlled trial. Such trials generally require very large sample

sizes and are difficult to conduct for various reasons. (47)
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Section 3 — Endovascular Treatment of Acute Ischemic Stroke

The treatment of AIS has undergone very dramatic changes in last decade. Randomized trials
demonstrated that EVT represents a highly effective and safe treatment. In order to confirm
the broad applicability of EVT in the anterior circulation LVO strokes and to establish the treatment
effect at a national level, we compared the Czech EVT data with the patient-level HERMES meta-
analysis pooling data from the five randomized controlled trials (MR CLEAN, ESCAPE,
REVASCAT, SWIFT PRIME, and EXTEND-IA). Section 3.1 is devoted to this topic in detail.

EVT represents a standard of care for AIS due to LVO, but level 1A guideline
recommendations for EVT are currently restricted to LVO patients with NIHSS > 6.
AIS with NIHSS < 6 is routinely considered as “mild” and/or “non-disabling”. However,
one in four patients with low baseline NIHSS suffer early neurologic deterioration. The aim
of our observational multicenter study was to assess the effectiveness and safety of EVT
versus best medical management in patients with CTA detected LVO in the anterior circulation
and NIHSS < 6 using recent data from comprehensive datasets and propensity score matching.

Section 3.2 is devoted to this topic in detail.

Additionally, the ANNEX 3 is dedicated to our single-centre experience with patients’ selection
for EVT based on automated CTP analysis and it also compares our results with CTP-based
randomized controlled trials. The ANNEX 4 represents the first comprehensive nationwide
questionnaire-based evaluation of all stroke centres in the Czech Republic performing EVT

in 2016. The ANNEX 5 summarizes the technical EVT results from the year of 2016.
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Section 3.1 — Mechanical Thrombectomy Performs Similarly in Real-World

Practice: A 2016 Nationwide Study from the Czech Republic

Based upon: VOLNY, Ondrej, Antonin KRAJINA, Silvie BELASKOVA, Michal BAR, Petra CIMFLOVA, Roman
HERZIG, Daniel SANAK, Ales TOMEK, Martin KOCHER, Miloslav ROCEK, Radek PADR, Filip CIHLAR,
Miroslava NEVSIMALOVA, Lubomir JURAK, Roman HAVLICEK, Martin KOVAR, Petr SEVCIK, Vladimir
ROHAN, Jan FIKSA, Bijoy K. MENON a Robert MIKULIK. Mechanical thrombectomy performs similarly in real
world practice: a 2016 nationwide study from the Czech Republic. Journal of Neurointerventional Surgery [online].

2018, 10(8), 741-745. ISSN 1759-8478.

Abstract

Background — Randomized clinical trials have proven EVT to be a highly effective and safe
treatment in acute stroke. The purpose of this study was to compare EVT data from the Czech
Republic (CR) with data from the HERMES meta-analysis.

Methods — Available nationwide data for the CR from the year 2016 from the SITS-TBY registry
on patients with terminal internal carotid artery (ICA) and/or MCA occlusions were compared
with data from the HERMES pooled dataset. CR and HERMES patients were comparable in age,
sex and baseline NIHSS scores.

Results — From a total of 1,053 EVTs performed in the CR, 845 (80%) were reported in the SITS-
TBY. From these, 604 (72%) were included in this study. Occlusion locations were as follows
(CR vs. HERMES): ICA 22% vs. 21% (p=0.16), M1 MCA 62% vs. 69% (p=0.004), M2 MCA
16% vs. 8% (p<0.0001). Intravenous thrombolysis was given in 76% vs. 83% patients (p=0.003).
Median onset-to-reperfusion times were comparable: 232 vs. 285 min (p=0.66). A modified TICI
score of 2b/3 was achieved in 74% (433/584) vs. 71% (390/549) of the patients (OR=1.17,
95%CI=0.90-1.5, p=0.24). There was no statistically significant difference in percentage of PH
type 2 (OR=1.12, 95%CI=0.66-1.90, p=0.68). A modified Rankin scale score of 0-2 at 3 months
was achieved in 48% (184/268) vs. 46% (291/633) of the patients (OR=0.92, 95% CI=0.71-1.18,
p=0.48).

Conclusions — Data on efficacy, safety and logistics of EVT from the CR is similar to data
from the HERMES collaboration.
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Introduction

Recent randomized trials have demonstrated that EVT with second-generation neurothrombectomy
devices represents a highly effective and safe treatment for patients with AIS due to occlusion/s
in the anterior cerebral circulation. (48) (2) (31) (49) (15) Data from the HERMES meta-analysis
have proven the degree of benefit of this procedure to be substantial; for every 100 patients treated,
38 will have a less disabled outcome than those who receive the best possible medical treatment,

and 20 more will achieve functional independence (defined as a mRS < 2). (10)

Nevertheless, several limitations have emerged concerning the methodological background
of the HERMES trial, including the fact that all the data from this study come from high-volume
comprehensive stroke centres with the highest expertise in endovascular treatment of AIS

in the world.

In order to confirm a broad applicability of EVT into a real-world clinical practice and to establish
the treatment effect of EVT at a national level, we compared the available neurothrombectomy data
from the Czech Republic (CR) prospectively collected in the Safe Implementation of Treatments
in Stroke — Thrombectomy (SITS-TBY) registry with data from the HERMES meta-analysis.
We hypothesised that the safety and effectiveness of EVT in real-world clinical practice

at a nationwide level are comparable with the results of the randomized control trials.
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Methods

Nationwide data from the CR for the year 2016 were collected from the SITS-TBY registry. SITS
(Safe Implementation of Treatments in Stroke) is a non-profit, free to use, research-driven,
independent, international collaboration founded in the Karolinska Institute in Sweden. SITS
was set up as an initiative to provide safe implementation of stroke treatments in routine clinical
practice. It offers a platform for collecting high quality stroke data in over 1600 stroke centres.
The registry is internet-based, which allows rapid data entry and retrieval and allows centres
to compare their own treatment results on both a national and global scale. Data concerning
patients with pre-treatment mRS scores of less than 2 and occlusions in the ICA and/or MCA
treated with second-generation neurothrombectomy devices + IV tPA (if eligible) were compared

with the data from HERMES meta-analysis.

Demographic details, vascular risk factors and NIHSS scores (range 0-42, with higher scores
indicating severe stroke) were collected for each patient. There was no upper age limit. All patients
underwent NCCT followed by CTA from the aortic arch to the vertex to document LVO. Treatment
decisions were made in comprehensive stroke centres in accordance with the current European

guidelines. (50)

Outcomes included: NIHSS score at 24 hours after stroke onset, median change in NIHSS score
from baseline to 24 hours, parenchymal haematoma type 2 (PH 2) according to the SITS-MOST
criteria (Safe Implementation of Thrombolysis in Stroke-Monitoring Study) and achievement
of a mRS score of 0-2 at 90 days after stroke onset. Technical efficacy was assessed by counting
the number of cases where a mTICI scale score of 2b or 3 was achieved (corresponding
to reperfusion of at least 50% of the affected vascular territory). Reported times included: onset

to reperfusion time, onset to groin time and groin to reperfusion time.

Ethics approval was obtained from the local institutional review boards and written informed

consent was obtained from all patients.
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Statistical analysis

Categorical variables are presented as absolute values and percentages, and continuous variables
as mean and SD if symmetrically distributed, or otherwise as median and IQR. We used the Mann-
Whitney test to compare continuous and ordinal variables because we did not have access
to the raw HERMES data. We used the Chi-squared test to compare categorical variables. In order
to determine whether it was possible to use the above-mentioned tests and that the effects
were not due to chance alone we first calculated the intra-cluster correlation coefficient (ICC)
for data of each centre by using Proc Mixed. All the tests were two-sided and significance
was defined as a p-value of 0.05. Statistical analyses were obtained using SAS 9.3 software (SAS
Institute, Cary, NC).

Results

Fourteen out of the 15 comprehensive stroke centres in the CR in 2016 reported data to the SITS-
TBY registry. In this year 1,053 EVTs were performed in the CR. The smallest number
of procedures performed by one centre was 17 and the largest was 136. Three centres performed
more than 100 procedures, six centres performed between 50 and 100 procedures
and six performed under 50 procedures per year (17, 34, 34, 34, 43, and 46). (51) Eight hundred
and forty-five patients were reported to the registry. Incompleteness of data and/or patients who
did not meet inclusion criteria led to exclusion of 241 patients. Therefore, the final dataset consisted
of 604 (72%) of the total number of patients, representing 57% of all EVT cases performed in 2016
in the CR (with a pre-treatment mRS score of less than 2 and occlusion of the terminal ICA
and/or MCA treated with second-generation neurothrombectomy devices + IV tPA). Seventy per
cent of these EVTs were mothership procedures and 30% were drip and ship procedures. CR
and HERMES patients were comparable in age, sex, and baseline NIHSS. More CR patients
were hypertensive and had diabetes mellitus and fewer patients were smokers. Fewer patients
in the SITS-TBY cohort were treated with IV tPA: 76% vs. 83% (p=0.003). Occlusion locations
were as follows (CR vs. HERMES): terminal ICA 22% vs. 21% (p=0.16), M1 MCA 62% vs. 69%
(p=0.004), M2 MCA 16% vs. 8% (p<0.0001). The median times from onset to reperfusion
were comparable: 232 vs. 285 minutes (p=0.66); the median groin-to-reperfusion times

were 58 vs. 63 minutes.

49



Modified TICI 2b/3 was achieved in 74% (433/584) vs. 71% (390/549) of patients, OR 1.17 (95%
CI=0.90-1.51), p=0.24. CR and HERMES patients did not differ in the median change in NIHSS
score from baseline to 24 hours. There was no difference in percentage of PH 2 (5.7 vs. 5.1%),
OR 1.12 (95% CI=0.66-1.90), p=0.68. A modified Rankin scale score of 0-2 at 3 months
was achieved in 48% (184/268) vs. 46% (291/633) of patients, OR 0.92 (95% CI =0.71-1.18),
p=0.48; Figure 9. The ICC for the mRS scores was estimated to be 0.023 and the ICC for NIHSS

at 24 hours was 0.058, indicating only negligible differences among the centres.
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Table 7: Comparison of Czech SITS-TBY and HERMES data on demographic

characteristics, past medical history, clinical and radiological characteristics, treatment

details and outcomes

lesions)

Demographic characteristics Czech Republic HERMES D
cohort
(n=604) (n=634)
Median age, years 71 (63-79) 68 (57-77) 0.44
Sex, women 307 (51%) 304 (48%) 0.32
Past medical history
Hypertension 442 (73%) 352 (56%) <0.000
1
Diabetes mellitus 159 (26%) 82 (13%) <0.000
1
Atrial fibrillation 209 (35%) 209 (33%) 0.56
Smoking (recent or current) 90 (15%) 194 (31%) <0.000
1
Clinical characteristics
Baseline NIHSS score 15 (11-18) 17 (14-20) 0.66
Imaging characteristics
ASPECTS on baseline CT not available 9 (7-10) -
Intracranial clot location:
Terminal internal carotid artery 136 (22%) 122 (19%) 0.16
M1 segment middle cerebral 372 (62%) 439 (69%) 0.004
artery
M2 segment middle cerebral 97 (16%) 51 (8%) <0.000
artery 1
Extracranial ICA  (tandem 55 (10%) 61 (10%) 0.987
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Treatment details

and procedural times (min)

Treatment with intravenous 460 (76%) 526 (83%) 0.003
alteplase
Onset-to-reperfusion time 232 285 0.66
(152-320); (210-362)
467 patients
Onset-to-groin time 175 238 0.66
(100-767); (180-302)
426 patients
Groin-to-reperfusion time 58 63 -
(44-208);
463 patients
Outcomes and safety:
Modified TICI 2b/3 433/584 (74%) 390/549 (71%) 0.24
NIHSS at 24 hours 8 (4-17) 10.4 (8.7) -
Median change in NIHSS score -5(-10 to 0) -7(-12to -1) 0.66
from baseline to 24 h
Parenchymal haematoma type 2 5.7% (26/460) 5.1% (32/629) 0.68
mRS 0-2 after 3 months 48% (184/382) 46% (291/633) 0.48

Legend: Data are median (IQR), n (%), or mean (SD). NIHSS = National Institutes of Health Stroke Scale. ASPECTS
= Alberta Stroke Program Early CT Score. ICA = internal carotid artery. mTICI = modified Thrombolysis in Cerebral

Infarction Score. mRS = modified Rankin scale.
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Figure 9: Modified Rankin Scale scores at 90 days

mRS at 90 days
0 1 m2 m3 m4 m5 m6

Legend: Distribution of scores at 90 days in per cents for the SITS-TBY and HERMES groups.
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Discussion
Our analysis of the available national data on mechanical thrombectomy from the SITS-TBY

registry confirms the applicability of neurothrombectomy in the real-world clinical practice.

As two thirds of the patients from the SITS-TBY registry had complete data, our analysis provides
a relatively accurate population-based snapshot of the efficacy of EVT, comparable
to the randomized control trials and previously published real-world thrombectomy experiences.
STRATIS, the largest prospective multicenter (55 US centers) non-randomized registry including
patients undergoing EVT with the Solitaire device, demonstrated that this procedure can be safely
and efficaciously performed in the community setting. (52) Before the revelation of the STRATIS
results, published data concerning EVT was limited, arising from mostly single-center studies
with relatively low numbers of patients. (53) (54) One of the strengths of our study is that
we included nationwide patient data from 14 comprehensive stroke centers from the year 2016,

thus after the publication of the randomized control trials.

A total of 1,053 EVTs with second-generation neurothrombectomy devices were performed
in the CR in 2016. If we take into the account the estimated incidence of acute ischemic stroke
inthe CR (211 per 100,000 inhabitants according to a recent stroke epidemiology survey)
then approximately 5% of all acute ischemic stroke patients were treated with EVT in 2016. (55)
This relatively high proportion of thrombectomy patients is consistent with previously reported
data on EVT eligibility, reflecting the high level of organization of acute stroke care in the CR.
(56) (57) (58)

The Institute for Health Information and Statistics of the CR has been collecting medical
information for all patients admitted to all hospitals since 1992. All medical facilities are required
by law to register all admissions and discharges and according to the Guidelines of the Czech
Stroke Society, every patient with a diagnosis of stroke should be hospitalized and receive
appropriate care in a specialized stroke unit. Since September 2016 the Czech Stroke Society have
been monitoring EVTs performed in the CR. Every three months they report data on the number
of EVTs performed per month and per center, the percentage of door-to-needle times under 30 min

in IVT eligible patients, and procedural times, including median onset-to-groin time, median door-
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to-groin time and median groin-to-reperfusion. Summary data reports including the parameters
mentioned above are sent to all stroke centers and physicians involved in stroke care (neurologists
and interventional radiologists). This serves as an important tool for improving acute stroke care

logistics and reducing procedural times.

Randomized trials have demonstrated that workflow speeds are strongly associated with better
functional outcomes, thus the reduction of procedural times should be targeted in every-day clinical
practice. (59) (60) (61) Available onset-to-reperfusion and onset-to-groin times in our analysis
(467 and 426 patients, respectively) are consistent with the HERMES meta-analysis, suggesting

a good pre-hospital and in-hospital management of EVT candidates across the CR.

A robust predictor of functional outcome is successful reperfusion, defined as achievement
of mTICI score of 2b or 3. Among the 549 HERMES patients who underwent EVT intervention
and had mTICI scores documented, substantial reperfusion was achieved in 390 (71%) patients,
which is consistent with our data; 433 out of 584 patients had mTICI scores of 2b or 3 (74%).
In terms of the effect on improvement of neurological status, comparable the median change
in NIHSS from baseline to 24 hours achieved in the Czech cohort was similar to the HERMES
cohort, indicating a comparable clinical effect even in the non-randomized registry. In terms
of safety, the proportion of patients with symptomatic PH type 2 was also similar (5.7 vs. 5.1%).
Modified Rankin scale scores at 3 months as a marker of long-term disability was available in only
60% of our patients. The proportion of available patients with a good clinical outcome (mRS scores
of 0-2) was comparable (48 vs. 46%). Nevertheless, it is important to be aware of the proportion
of missing long-term outcome data. On the other hand, comparable short-term outcomes mentioned
above (NIHSS scores at 24 hours and median change in NIHSS from baseline to 24 hours) indicate

a positive effect of the procedure on early neurological recovery.

Although cerebral and vascular imaging is done in all IVT and EVT eligible patients
in the CR before treatment decision making, ASPECT scores are not available in the SITS-TBY
registry. (51) There are only two randomized controlled trials on mechanical thrombectomy
in acute stroke published in which baseline cerebral imaging data were not used to select patients

on the basis ofthe size of ischemic territory as determined by ASPECTS (THRACE
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and MR CLEAN). (48) (62) According to the current European guidelines and results
of our questionnaire survey run in January 2017, we can estimate that a majority of patients treated
with EVT in the CR in 2016 had ASPECTS > 5 and were treated within 8 hours from stroke onset.
(50) (51)

From demographic standpoint, HERMES and Czech SITS-TBY cohorts were balanced in age, sex
and history of atrial fibrillation (Table 7). The groups differed in proportion of hypertensive,
diabetic and smoking patients. Patients were comparable in the severity of admission neurological
deficit assessed by NIHSS (moderate to severe stroke). HERMES and Czech SITS-TBY
populations differed in clot locations in the M1 and M2 segments of the MCA as assessed by local
radiologists and referred to the SITS-TBY registry, indicating that more interventions occurred
for distal occlusions. Nevertheless, it is important to consider a challenge associated
with a relatively poor standardization in distinguishing between the M1 and M2 MCA segments
rated by different radiologists in our non-randomized analysis without a core lab rating of clot
locations. This limitation of M1/M2 misclassification has been discussed in HERMES
and elsewhere. (10) (63)

Our study has several limitations. We are aware that our comparisons with the clinical trials
mentioned above are merely qualitative, since our data are based on a retrospective analysis
of prospective registry data. As mTICI scoring was performed by the same attending
interventionalist, who performed the procedure, and as clinical evaluation of disability (NIHSS
and mRS) was not completely blinded, there may be a source of bias. Additionally,
there are no imaging data stored in the SITS-TBY registry for neuroimaging core lab re-
assessment, thus the possibility for misclassification of M1/M2 segments of MCA on CTA
as discussed above or mTICI on final run digital subtraction angiography exists and limits

our analysis. Another limitation is missing long-term outcome data in the SITS-TBY registry.
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Section 3.2 — Thrombectomy vs. Medical Management in Low NIHSS Acute

Anterior Circulation Stroke

Based upon: VOLNY, Ondrej, Charlotte ZERNA, Ales TOMEK, Michal BAR, Miloslav ROCEK, Radek PADR,
Filip CIHLAR, Miroslava NEVSIMALOVA, Lubomir JURAK, Roman HAVLICEK, Martin KOVAR, Petr SEVCIK,
Vladimir ROHAN, Jan FIKSA, David CERNIK, Rene JURA, Daniel VACLAVIK, Petra CIMFLOVA, Josep PUIG,
Dar DOWLATSHAHI, Alexander V. KHAW, Enrico FAINARDI, Mohamed NAJM, Andrew M. DEMCHUK, Bijoy
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Abstract

Background — EVT is highly effective for acute ischemic stroke with LVO and moderate
to severe neurological deficits.

Objective: To undertake an effectiveness and safety analysis of EVT in patients with LVO
and NIHSS<6 using datasets of multicentre and multinational nature.

Methods — We pooled patients with anterior circulation occlusion from three prospective
international cohorts. Patients were eligible if presentation occurred within 12 hours from last
known well and baseline NIHSS<6. Primary outcome was mRS 0—1 at 90 days. Secondary
outcomes included neurological deterioration at 24 hours (change in NIHSS of> 2 points), mRS
0-2 at 90-days and 90-day all-cause mortality. We used propensity score matching to adjust
for non-randomized treatment allocation.

Results — Among 236 patients who fit inclusion criteria, 139 received EVT and 97 received
medical management. Compared to medical management, the EVT group was younger
(65 versus 72 years; p<0.001), had more proximal occlusions (p<0.001), and less frequently
received concurrent IVT (57.7% versus 71.2%; p=0.04). After propensity score matching,
clinical outcomes between the two groups were not significantly different. EVT patients
had an 8.6% (95% CI: -8.8-26.1%) higher rate of excellent 90-day outcome, despite a 22.3%
(95% CI: 3.0-41.6%) higher risk of neurological deterioration at 24 hours.

Conclusions — EVT for LVO in patients with low NIHSS was associated with increased risk
of neurological deterioration at 24 hours. However, both EVT and medical management

resulted in similar proportions of excellent clinical outcomes at 90 days.
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Introduction

Patients with AIS due to LVO usually suffer from severely disabling symptoms. (64)
However, a significant number of LVO patients present with milder symptoms. (65) EVT
is a standard of care for AIS due to LVO, but level 1A guideline recommendations for EVT
are currently restricted to LVO patients with NIHSS > 6, since only a limited number

of patients with low baseline NIHSS was enrolled in the randomized controlled trials. (9) (10)

AIS with NIHSS < 6 is routinely considered as “mild” and ‘“non-disabling”. However,
one in four LVO patients with low baseline NIHSS suffer early neurologic deterioration
resulting in poorer outcome. (66) (67) (68) From a patient perspective, milder deficits
can restrict daily activities and can be devastating to their quality of life. Patients with LVO
and low baseline NIHSS often have distinct clinical, demographic, and hospital arrival
characteristics. (69) Multiple non-randomized studies have sought to evaluate the efficacy
and safety of EVT in such patients and showed mixed results. These studies were mostly
limited by their non-randomized design, small sample size, single-center experiences, varying
practice or including patients treated prior to the efficacy of EVT was proven and incorporated
into the (inter)national guidelines. (69) (70) (71) (72, 73) (74) (75) (76)

The aim of our observational multicentre study was to assess the effectiveness and safety
of EVT versus medical management in patients with LVO and NIHSS < 6 using recent data

from comprehensive datasets and propensity score matching.
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Methods

The data that support the findings of this study are available from the corresponding authors
upon reasonable request. We retrospectively identified acute stroke patients with CTA proven
anterior circulation occlusion and admission NIHSS < 6. For this purpose, we retrieved
EVT data from the Safe Implementation of Treatments in Stroke—Thrombectomy registry
(SITS-TBY) and compared them with medical management data derived
from the INTERRSeCT and PROVE-IT study.

Standard Protocol Approvals, Registrations, and Patient Consents

Permissions to analyze data for the SITS-TBY (a non-profit, quality improvement-driven,
international) registry were provided by the ethics committee of St. Anne's University
Hospital, Brno, Czech Republic; individual patient consent for the SITS-TBY registry
was not sought. The PROVE-IT study used a waiver of consent which was approved
by the Conjoint Health Research Ethics Board at the University of Calgary. Written informed
consent was provided by the patient or a surrogate for the INTERSeCT study. The reviews
of the Institutional Review Boards (IRB) for each study determined that informed consent
was not required for this current pooled analysis. The study protocol was approved

by the scientific committees of each study.

Endovascular data source

National EVT data from the CR were extracted from the population-based SITS-TBY registry
from January 2015 to December 2018 to cover the time period after the publication of positive
endovascular trials. The SITS-TBY registry represents a non-profit, research-driven,
international registry collecting data on endovascular treatment. Anonymized patient-level data
are entered at each stroke center either by a research nurse or physician at discharge or at 90-
days follow-up. There has been no formal audit of the Czech SITS-TBY or global SITS-TBY
data. However, 12 (out of 15) comprehensive stroke centers participated in the registry in 2016
as part of a quality improvement program. Random hospital-level metrics reported
to the Czech Ministry of Health were cross-checked with the SITS data and showed high level
of consistency (unpublished). Additionally, a nationwide questionnaire survey run in 2016
did not show major differences in clinical practise including neuroimaging, logistics

and treatment standards in all 15 comprehensive stroke centers in the CR, for details see
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ANNEX 4). Furthermore, since 2016, the Czech Stroke Society has been providing feedback
quarterly to all participating stroke centers on number of EVT cases and time metrics based

on the data from the registry. Patients for endovascular treatment in the CR are selected
through CT and CTA imaging.

Medical management data source

Medical management was based on the current guidelines (Canadian Stroke Best Practise
Recommendations), American Heart and Stroke Association), including IVT in patients
presenting within the first 4.5 hours from last seen normal. In patients not eligible for IVT,
an antiplatelet agent was administered on day 1, unless there was an indication for early

anticoagulation.

The two non-thrombectomy cohorts were selected from the multicentre international
observational studies: 1) Measuring Collaterals with Multi-phase CT Angiography in patients
with Ischemic Stroke (PROVE-IT, patient enrolment between July 2014 to October 2017);
and 2) Identifying New Approaches to Optimise Thrombus Characterization for Predicting
Early Recanalization and Reperfusion With IV Alteplase and Other Treatments Using Serial
CT Angiography study (INTERRSeCT, patient enrolment between March 2010 to March
2016).

PROVE-IT was a prospective multi-center cohort study of 500 consecutive patients with AIS
presenting within 12 hours of stroke symptom onset with evidence of intracranial occlusion
on routine CTA. The primary aim of this trial was to evaluate imaging selection
for thrombolysis and EVT decision-making in the setting of AIS. (77) INTERRSeCT
was a multicentre prospective cohort study that enrolled 575 patients with AIS
with intracranial thrombi documented via CTA. The study included patients with a wide range
of clinical presentations (within 12 hours from last known well), occlusion sites, and thrombus
characteristics to identify clinical and imaging variables associated with recanalization

with or without IVT. (78)

For the current study, we only included patients who were independently functioning

in the community immediately prior to their stroke (estimated baseline mRS 0-2). Patients
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were further eligible if they presented to the emergency department with symptoms consistent
with AIS 12 hours from time last known well, baseline NIHSS<6, and baseline CTA
with the evidence of symptomatic intracranial occlusion (ICA or MCA including
M1 and proximal M2 segments). Patients with the primary posterior circulation occlusions

wereexcluded.

Demographics, Variables, and Measurements

Information on baseline demographics, vascular risk factors (hypertension, diabetes mellitus,
dyslipidaemia, atrial fibrillation, smoking history (current/past), congestive heart failure), time
last seen normal, NIHSS score (range, 0-42, with higher scores indicating severe stroke),
occlusion location (ICA, M1, M2 MCA), prior use of anticoagulation, prior use
of antithrombotic treatment, intravenous alteplase administration (if applicable although many
low NIHSS patients are not thrombolysed), were collected. Other clinical endpoints were 24-h

NIHSS and functional outcome at 90 days measured on the mRS.

Study outcomes

Modified Rankin Scale 0—1 at 90 days was chosen as the primary outcome because patients
with mild deficits at baseline are more likely to have excellent outcomes. Secondary outcomes
were the neurological deterioration at 24 hours (defined as increase of NIHSS score

by 2 or more points)(79), mRS 0-2 at 90 days and all-cause mortality at 90 days.

Missing/incomplete data

Among 236 patients, four had missing baseline NIHSS, five missing prior anticoagulation
history, six missing prior smoking history, six prior atrial fibrillation history, one missing prior
hypertension and prior dyslipidemia history; 14 missing 24-h NIHSS, 13 missing 90-days
mRS. We imputed the missing NIHSS baseline values with the group median
from the remaining available data and imputed ‘“no” for missing binary variables.
The 13 missing values for 90-day mRS were again imputed with the median of the remaining
available data. Since all missing mRS occurred in the EVT group, we performed additional
sensitivity analysis assuming that the missing 90-day mRS values indicated that the person

did not reach a favorable outcome and was disabled/dead (i.e. worst-case scenario),

did achieve a favorable outcome (i.e. best-case scenario), and omitted cases with missing mRS
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scores. For the 14 missing values of 24h-NIHSS (all but one from the EVT group) we assumed

that the patients had neurological deterioration (i.e. worst-case scenario).

Data about intracranial hemorrhages were missing and unverifiable in the SITS-TBY registry
and could thus not be analyzed in our current study. Since the SITS-TBY registry is a study
of implementation of thrombectomy in routine clinical practice, it was not mandated that time

metrics were being collected. Onset-to-treatment times were thus not available for our analysis.

Statistical analysis

Standard descriptive statistics were used to measure central tendency and variability
of baseline characteristics. Ordinal/continuous variables were compared by the Mann-
Whitney test or t-test based on their distribution. Categorical variables were compared using
the Fisher’s exact test. Since our data were not randomized, we used propensity score matching
to estimate the adjusted treatment effect of EVT compared to the best medical management,
accounting for differences in baseline variables. We used the treatment effect option
with propensity score matching in STATA version 14.2 (College Station, TX). Derivation
of standard error accounted for the fact that propensity scores are estimated rather than known.
Propensity scores were derived from a multivariable logistic regression model that calculates
the treatment probability for each subject. This model was adjusted for the following clinically
relevant baseline variables: sex, age, occlusion location, thrombolysis status, baseline mRS,
prior antithrombotic treatment and NIHSS. The propensity scores were then used to impute
the missing potential outcome (if a subject received EVT then medical management
is considered counterfactual and if the subject received medical management then EVT
is considered counterfactual) for each subject by taking the outcome of a similar subject that
received the other treatment level (or multiple subjects if there was a tie for similarity).
Similarity between subjects was based on the propensity scores. Common support
was assessed using an overlap plot and examination of mean propensity scores by treatment
group and quintiles and found to be adequate (Table 8). The treatment effect was computed
by taking the average of the difference amongst each EVT and medical management pairs,
where outcomes were either observed or derived as the counterfactual from the propensity
matching process and presented as a risk difference with 95% confidence interval (CI).

We used this method of matching and analysis for our primary, secondary and safety
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outcomes. We visualized the unadjusted data and the results of our primary analysis using
horizontally stacked bar graphs. Sensitivity analysis was performed for the primary outcome
using the worst-case scenario, best-case scenario and by omitting cases with missing primary
outcome as described above. All tests were two-sided and the significance level
was considered as 0.05. Statistical analyses were performed using STATA version 14.2
(College Station, TX).

Results

Baseline Characteristics

Our pooled dataset resulted in 281 patients with LVO and mild symptoms. We excluded eleven
patients who were not independent at baseline, 33 patients with distal M2, M3
and no occlusion, and one patient treated with tenecteplase (TNK). This left 236 patients
for analysis; 139 received EVT and 97 medical management. The two groups had similar
baseline NIHSS, baseline mRS and baseline vascular risk factors. The EVT group was younger
(65 versus 72 years), with more proximal occlusions (50.4% M1 and 15.8% ICA versus 25.8%
M1 and 2.1 ICA), and less concurrent intravenous alteplase treatment (57.7% versus 71.2%)

as illustrated in Table 9.

Primary and secondary outcomes

Ninety-day excellent outcome (mRS 0-1) was achieved in 62.7% (n=148) of patients overall,
with no difference between the EVT and medical management group (61.9 % versus 63.9 %,
p=0.785) in unadjusted analysis. The raw distribution of mRS scores between the EVT
and medical management group at 90 days is shown in Figure 10. After propensity
score matching, patients in the EVT group had an 8.6% (95% CI: -8.8% — 26.1%) higher
chance of excellent outcome at 90 days compared to the medical management group.
The distribution of mRS scores of the EVT and medical management group at 90 days
after the propensity score matching is presented in Figure 11. The result was unchanged
in sensitivity analysis using the worst-case scenario (missing outcomes assumed
to have achieved mRS 2-6) and when cases with missing mRS were omitted (p=0.33
and p=0.250, respectively). However, assuming best-case scenario (missing outcomes actually
achieved mRS 0-1), patients in the EVT group had a 17.6% (95% CI: 0.01% — 35.4%) higher

chance of excellent outcome at 90 days compared to the medical management group.
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Unadjusted analyses of the secondary outcomes are shown in Table 10. After propensity score
matching, patients in the EVT group had a 22.3% (95% CI: 3.0% — 41.6%) higher risk
of neurological deterioration at 24 hours compared to patients in the medical management
group. Patients in the EVT group also had a 2.2% (95% CI: -3.6% - 7.9%) higher risk of death
from any cause within the first 90 days after the index event compared to the medical

management group.
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Table 8: Mean Propensity Scores by Quintiles and Treatment Group

Propensity Score No. Mean
Quintile of observations Propensity Score
Medical management 1 16 0.149
2 32 0.324
3 32 0.505
4 11 0.702
5 6 0.903
Thrombectomy 1 - -
2 15 0.316
3 34 0.508
4 37 0.711
5 53 0.915
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Table 9: Baseline Characteristics before Propensity Score Matching Process

\Variable Medical Endovascular
Management group group
N=97 N =139

Median age in years (25% — 75%) 72 (63 — 80) 65 (55-175)
Sex, male, % 48.9 43.4
Occlusion site, %
Internal carotid artery

2.1 15.8
Tandem occlusion

2.1 3.6
M1 segment

25.8 50.4
Proximal M2 segment

70 30.2
Median baseline NIHSS (25% — 75%) 5(4-6) 4(3-6)
Baseline modified Rankin Scale, %
0

87.6 87.8
1

7.2 5.0
2

5.2 7.2
Intravenous alteplase treatment, % 71.2 57.7
Prior anticoagulation, % 9.4 10.3
Prior antithrombotic treatment, % 25.2 443
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Hypertension, % 65.5 68
Diabetes mellitus, % 14.4 10.8
Dyslipidemia, % 26.6 38
Atrial fibrillation, % 23.7 28.9
Smoking current/past, % 28.9 22.3
Ischemic heart disease, % 6.5 3.1

Legend: NIHSS means National Institutes of Health Stroke Scale
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Table 10: Unadjusted Outcome Analysis

Outcome Medical Endovascular Fisher’s
Management group exact test,

group p-value
N=97 N =139

modified Rankin Scale score 0-1

at 90 days, % 63.9 61.9 0.785

Neurological deterioration

at 24 hours, % 10.3 30.2 <0.001

modified Rankin Scale score 0-2

at 90 days, % 79.4 69.1 0.100

IAll-cause mortality

at 90 days, % 3.1 5.0 0.532
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Figure 10: Unadjusted analysis of 90-day modified Rankin Scale shift

Legend: EVT means endovascular treatment, MM medical management, mRS modified Rankin scale.
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Figure 11: Propensity-Score matched analysis of 90-day modified Rankin Scale shift

Legend: EVT means endovascular treatment, MM medical management, mRS modified Rankin Scale.
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Discussion

In our study endovascular treatment and best medical management for large vessel anterior
circulation occlusion in patients presenting with low NIHSS resulted in similar proportions
of excellent functional outcome at 90 days and comparable all-cause 90-day mortality.
This outcome parity occurred despite an increased endovascular treatment risk of neurological

deterioration at 24 hours.

In keeping with our results, other smaller multicenter studies have utilized propensity score
matching and found no significant difference in the excellent functional outcome at 90-days.
(70) Although the study by Nagel et a/ (77 matched pairs) showed a 14.4% absolute difference
in good clinical outcome (84.4% versus 70.1%, p=0.03) defined as mRS 0-2 and an adjusted
OR of 3.1 (95% CI, 1.4-6.9) favoring immediate EVT, there was no such difference seen
for excellent outcome defined as mRS 0-1 at 90 days. (71) Additionally, the study enrolled 7%
of patients with basilar occlusions and 6% of patients with initial mRS>2 (20/300 patients).
In the study by Haussen et al, the protocol also allowed inclusion of patients with basilar
occlusions, which then made up 23% of the EVT group. (73) These and other previously
published (mostly single-center) studies have selected individual sites with variability in their
approach to patient care and differing local treatment guidelines. A more recent study
by Asdaghi et al looked at over 400 registry patients and found association of EVT
with favorable discharge outcomes and ambulatory status. (69) However, the 90-day outcomes
as well as the occlusion status and thrombus location were not documented consistently.
All of the above mentioned studies included patients who received EVT before the publication
of positive randomized control trials in 2015 and thus the incorporation of EVT as a standard
of care into national guidelines. Thus, the results of these studies might be reflective
of the heterogeneity in workflow and experience with such patients and might

not be representative of the current clinical practice.

We found no difference in all-cause 90-day mortality in our study, which is in congruence
with the smaller multicentre studies of Nagel ef al and Dargazanli et al. In the study of Sarraj
et al, the patients undergoing EVT had higher mortality (8.9% versus 1.1%, p=0.03) possibly
driven by increased risk of symptomatic ICH (5.8% versus 0%). Similarly, Asdaghi et al
reported mortality of 5.2% and symptomatic ICH rates 0f4.5%.
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Endovascular treatment was associated with increased risk of neurological deterioration
at 24 hours (defined as > 2 points increase of the NIHSS scale) in our propensity-score matched
analysis. One possible explanation might be the occurrence of symptomatic ICH
with the endovascular treatment. Neurological deterioration might have also been more
apparent on formal testing in a setting of mild initial symptoms and thus been more diligently
scored. Further, other complications of EVT including embolic events into other arterial
territories, arterial access adverse events such as haemorrhage, retroperitoneal hematoma

and pseudoaneurysm formation may impact 24-hour assessment.

Multiple studies have shown that since low NIHSS patients are generally considered too mild
for thrombolysis and EVT, up to one third end up disabled or dead at the 90-day follow-up
when left hyperacutely untreated. (80) (81) (82) (83) It is known that in stroke due to (large)
vessel occlusion, there is a clear relationship between recanalization and favorable/excellent
outcome even though our current study and various other have shown differing effect sizes
(from 8.6% to 14.4%). (71) (84) Yet, interventional treatment, whether medical
with IVT or interventional with endovascular thrombectomy has possible harm. The value
of a future randomized controlled trial in this patient cohort is thus not to show the benefit
of EVT but rather to assess if the benefit outweighs the potential harm of the treatment. Data
about intracranial hemorrhages were missing and unverifiable in the SITS-TBY registry
and could thus not be analyzed in our current study. But two previous studies in low NIHSS
strokes that have specifically measured sICH found a notable difference between the EVT
and medical management group (Sarraj et al 5.8% vs. 0% [p=0.02], Nagel et al 5% vs. 1.4%
[p=0.08]). (70) (71) However, these are sICH risks that we accept for moderate-severely
disabling stroke and the acceptable risk of SICH must be significantly less in low NIHSS strokes
to justify the risk of death and disability as a complication of EVT. Due to this uncertainty
in numbers, despite several analyses from groups around the world, a well-designed
randomized controlled trial would be able to finally answer the question about the risk-benefit-
ratio of EVT for low NIHSS strokes.

The strength of our study is its multicenter and multinational nature of the utilized datasets.

The national population-based EVT data were extracted from the SITS-TBY registry
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from January 2015 to December 2018 in order to cover the time period after the publication

of positive endovascular trials and as such reflect the current clinical practice.

Our study islimited by its retrospective nature and even though we tried to account
for confounding by using advanced statistical methods, there is still a risk of residual
confounding due to unmeasured variables. For example, even though we incorporated
occlusion location into our propensity score model, we were unable to also incorporate
a measure of early ischemic changes since these data were not available in the SITS-TBY
registry. Furthermore onset-to-treatment times were not available for our analysis. Although
twelve of total 15 comprehensive stroke centers in the Czech Republic contributed to the SITS-
TBY registry during the study period. Our previous study showed that over 80% of all EVT
cases in the CR were reported to the registry in 2016. (85) We also had no data
on the use of anesthesia/sedation during EVT available. Blood pressure changes during
induction of general aneasthesia may risk penumbral tissue perfusion and might thus
contribute to the neurological deterioration at 24 hours. (86) (87) The mRS, even though
one of the most commonly used clinical outcome markers in stroke and captured by the three
observational data sources we have used, lacks sensitivity at the minor disability
end of the scale and we might thus have not been able to detect a significant difference
in our primary outcome. Our matched analysis is larger than the sample size of prior studies

but still might have affected our statistical power to detect a true difference.
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Conclusions

The first study (Section 2.1) comparing the assessment of early ischemic changes by expert reading
and available automated software for NCCT and CTP demonstrated high accuracy
for the evaluation of early ischemic changes by different CT modalities. The best accuracy
was found for the CBF<30% and Tmax>10s parameters. The use of automated software in daily

clinical practice has a potential to improve detection and extent of early ischemic changes.

The second study (Section 2.2) focused on utility of time-variant multiphase CTA color maps
brought new evidence that collateral extent assessed on the time-variant mCTA maps improved
prediction of good clinical outcome and had similar utility in predicting follow-up infarct volume

compared to conventional mCTA collateral grading as previously published.

The third study (Section 3.1) comparing EVT data from the Czech Republic with data
from the HERMES meta-analysis confirmed the applicability of EVT in a nationwide real-world

practice for a CTA proven LVOs in the anterior cerebral circulation.

Our multicenter observational post-hoc study (Section 3.2) showed that the EVT for LVO
in patients with low baseline NIHSS resulted in similar 90-day clinical outcomes compared
to the best medical management despite an increased odds of neurological deterioration

at 24 hours.
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ARTICLE INFO ABSTRACT

Background and purpose: Using an extended CT perfusion acquisition (150s), we sought to determine the associ-
ation between perfusion parameters and malignant edema after ischemic stroke.

Methods: Patients (from prospective study PROVE-IT, NCT02184936) with terminal internal carotid artery +
proximal middle cerebral occlusion were involved. CTA was assessed for clot location and status of
leptomeningeal collaterals. The following CTP parameters were calculated within the ischemic territory and
contralaterally: permeability surface area product (PS), cerebral blood flow (CBF) and cerebral blood volume
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émﬂcsmke (CBV).PS was calculated using the adiabatic approximation to the Johnson and Wilson model. Outcome was eval-
Malignant brain edema uated by midline shift and infarction volume on follow-up imaging.

CT perfusion Results: Of 200 patients enrolled, 7 patients (3.5%) had midline shift > 5 mm (2 excluded for poor-quality scans).

Five patients with midline shift and 5 matched controls were analysed. There was no significant difference in
mean PS, CBF and CBV within the ischemic territory between the two groups. A CBV threshold of 1.7 ml/100 g
had the highest AUC = 0.72, 95% CI = 0.54-0.90 for early midline shift prediction, sensitivity and specificity
were 0.83 and 0.67 respectively.

Conclusion: Our preliminary results did not show significant differences in permeability surface area analysis if
analysed for complete ischemic region. CBV parameter had the highest accuracy and there was a trend for the

Permeability surface area product

mean PS values for midline shift prediction.

©2017 Elsevier B.V. All rights reserved.

1. Introduction

The incidence of malignant brain edema in anterior circulation is-
chemic stroke ranges between 3 and 10%. Even with adequate reperfu-
sion, this severe complication has high rates of morbidity and mortality
[1]. In clinical practice, an acute predictor/s to identify patients who
would benefit from early decompressive hemicraniectomy before a
midline shift develops remains elusive [2,3].

Increased tissue water during ischemia is caused by the combination
of cytotoxic edema and vasogenic edema. The former, which results in
swelling of cells of the neurovascular unit, occurs within minutes of is-
chemia and is often less severe than the latter, which results in an in-
crease in extracellular free water due to BBB breakdown, occurring
hour to days after stroke onset [4,5]. Pathophysiologically, an early im-
pairment of cerebrovascular autoregulation in peri-infarct tissue, loss

* Corresponding author at: First Department of Neurology, St. Anne's University
Hospital in Brno, Pekarska 53, 656 91 Brno, Czech Republic.
E-mail address: 214565@mail.muni.cz (0. Volny).

http://dx.doi.org/10.1016/j,ns.2017.03.035
0022-510X/© 2017 Elsevier B.V. All rights reserved.

of integrity of the endothelial basal lamina and increased vascular per-
meability play key roles in the development of massive life-threatening
brain edema in acute ischemic stroke patients [6,7]. Several radiological
markers for the development of malignant edema in anterior circulation
strokes have been studied, including admission non-contrast computed
tomography (CT) hypodensity extending 50% of the MCA territory or
diffusion weighted imaging (DWI) lesion extending 82 ml or 145 ml,
and "'C-flumazenil positron emission tomography (FMZ-PET) [8-11].
There have been also several CT perfusion (CTP) studies that have
attempted to find acute biomarkers predictive of malignant MCA
edema [12-16]. Acute differences in cerebral blood flow, blood brain
barrier (BBB) permeability and cerebrovascular reserve did not corre-
late with malignant edema; however, these studies were hampered
by limited CTP acquisition lengths, which are especially important for
calculation of permeability surface area (PSA) as a marker of BBB disrup-
tion. Therefore, our study used multiple imaging modalities (multi-
phase CTA and an extended length CTP scanning protocol) along with
several clinical variables from the prospective study PROVE-IT [Precise
and Rapid assessment of collaterals using multi-phase CT angiography
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in the triage of patients with acute ischemic stroke for intravenous (IV)
tPA or intra-arterial therapy (IAT)] to determine their relationship with
the development malignant brain edema.

2. Methods
2.1. Patients

The preliminary analysis included first 200 patients from the PROVE-
IT study (registered at ClinicalTrials.gov under the registration number
NCT02184936) with proven terminal occlusion of the internal carotid
artery (ICA) + proximal occlusion of the middle cerebral artery
(MCA). Patients with early midline shift > 5 mm according to the control
CT or MRI of the brain performed within 24-32 h were identified in the
study group. They were subsequently matched with control patients
(with no midline shift) who had a similar admission neurological deficit
according to the National Institutes of Health Stroke Scale (NIHSS), com-
parable early ischemic changes assessed by Alberta Stroke Program
Early CT Score (ASPECTS) and similar volume of infarction on the con-
trol imaging.

2.2. Imaging and image acquisition

Multiphase CT angiography (mCTA) and CTP (64-slice Lightspeed,
GE Healthcare, Waukesha, WI, USA) were acquired within the scope of
the study imaging protocol. Time-resolved cerebral angiograms of the
brain vasculature were generated following the injection of 80 ml of
contrast agent (Optiray® 320; Mallinckrodt Pharmaceuticals; Dublin,
Ireland), injected at a rate of 5 ml/s followed by a saline flush of 50 ml
at 6 ml/s. For the first phase, the aortic arch-to-vertex helical scan was
timed to be in the peak arterial phase of normal brain by triggering
the scan based on bolus tracking. This first phase acquisition was 7 s
in length. The second phase was acquired after a delay of 4 s allowing
for table repositioning to the skull base. Scan duration for each addition-
al phase is 3.4 s. An advantage of mCTA is that it allows dynamic imaging
of cerebral circulation and a detailed view of the leptomeningeal collat-
erals. For the CTP acquisition, 45 ml of CT contrast agent (Optiray® 320;
Mallinckrodt Pharmaceuticals; Dublin, Ireland) was power injected at
4.5 ml/s followed by a saline flush of 40 ml at 6 ml/s. Sections of 8 cm
thickness were acquired at 5 mm slice thickness. Scanning began after
a delay of 5 s from contrast injection in up to two phases (scanning in-
tervals): 1st phase every 2.8 s for 60 s (in 30 patients) and an additional
2nd phase every 15 s for 90 s (in 47 patients).

2.3. Image analysis

All imaging data were analysed at the imaging core lab of the Calgary
Stroke Program (Canada). OsiriX version 3.5 (http://www.osirix-
viewer.com). Leptomeningeal collaterals were assessed on baseline
multiphase CTA by a consensus (0.V., P.C.) [17]. The CTP parameters
permeability surface area product (PS), CBF, CBV and time to maximum
(Tmax) wWere calculated using commercially available software with a
delay-insensitive deconvolution algorithm (CT Perfusion 4D, GE Electric
Healthcare, Waukesha, WI, USA).

A physiologically appropriate deconvolution-based distributed pa-
rameter model was used for the CTP analysis [18]. This method corrects
for the inability to administer a contrast bolus directly into an artery
supplying a tissue of interest. Following the injection of contrast into a
peripheral vein, the bolus undergoes delay and dispersion prior to arriv-
ing at region of interest within the brain [19]. To correct for this, an im-
pulse residue function (IRF), which represents the tissue time-
attenuation curve (TAC) obtained under the ideal hemodynamic injec-
tion conditions is calculated - essentially, this removes the effect of
delay/dispersion (Fig. 1). The IRF can be interpreted as the volume of
blood flow entering a capillary network that contains a fraction of con-
trast medium that is instantly deposited into the tissue of interest as

Backflux phase = 70s-150s
| |

Vascular phase = <70s

MTT
!

CBF f-=----- ‘ ‘

&

. !
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Fig. 1. Graphical representation of an ideal flow-scaled (CBF - R(t)) IRF. The IRF is obtained
in the brain R(t), using the deconvolution of the arterial enhancement curve Co(t) and
tissue TAC Q(t). The height of the IRF defines CBF, the area of the IRF represents the CBV,
and “b” signifies the MTT, which is calculated as the area under the curve (CBV) divided
by the height of the vertical line above “b” (CBV). Ty is the time from the arrival of
contrast at the AIF to the tissue of interest and adding '/, MTT gives the time for the
impulse residue R(t) to reach its maximum (T;,,y). PS is calculated during the “backflux”
phase.

time progresses and has been described previously for perfusion param-
eters, CBF, CBV, MTT and T, [20,21].

PS of the BBB was calculated using the adiabatic approximation
Johnson and Wilson model, which assumes that all contrast agent is dis-
tributed in either the capillaries or the extracellular space [18]. Contrast
measured in the extracellular space is a surrogate of the degree of BBB
compromise, which is correlated with quantitative measurements of
PS [22]. This model can be illustrated as 1) a single cylinder of length
(L) containing a specific blood volume (Vb) that represents the intra-
vascular (capillary) space and 2) another cylinder that surrounds the
capillary containing a volume (Ve) that represents the extravascular
(interstitial) space (Fig. 2) [23]. A second assumption of this model
comes from the fact that the capillary endothelium will have varying de-
grees of permeability and therefore a bidirectional movement of con-
trast between the two compartments [24]. To simplify things, it is also

Arterial Inlet
Fe(t) Intravascular Space C;(x,t)

Venous Outlet
Fe,(0)

Capillary Endothelium

Fig. 2. Asimplified diagram of the Johnson and Wilson model. The brainis divided into two
principal compartments: the extravascular (interstitial) and intravascular space,
separated by a permeable capillary endothelium. The concentration of contrast within
the intravascular space is a function of time and length along the capillary, while the
concentration of contrast in the extravascular space is assumed to be evenly distributed
along the length of the capillary and is only a function of time. This model thereby
describes the rate of change of contrast diffusion in the extravascular space, defined by
the PS.
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assumed that there is negligible radial contrast concentration gradient
in the intravascular space and an even (quasi-steady state) distribution
of contrast agent in the extravascular space relative to the capillaries.
This quasi state occurs during the “backflux phase” of the CTP acquisi-
tion (70 s-150 s). With this in mind, the IRF using this approximation
can be calculated as follows [24]:

H(t) = —{ge[— (f,—f(t—Tc))] ijfc} (1

where H(t) is the IRF, E = the contrast extraction fraction, F = blood
flow, V. = the extravascular distribution of contrast, and time T, =
the minimum transit of the contrast bolus. According to the Rankin-
Crone equation, PS (the permeability-surface area product) and E are
described by the following relationship [24]:

E=1-e® )

Finally, by selecting an appropriate AIF (denoted by C,(t)), the TAC
(denoted by Q(t)) can be determined according to [24]:

Q(t) = F- [Ca(t) x H(t=To)] ®3)

+ denotes the convolution operator, and H(t — Ty) shifts H(t) relative
to the arrival of contrast the AIF. Parameters described in Fig. 1 are iter-
atively changed until an optimal fit to Q(t) is reached.

For all patients, CTP functional maps were analysed in a standardized
method by an experienced reader (C.D.D., >10 year experience) using
multi-thresholding technique. Specifically, the CTP-perfusion weighted
image (an average map generated from the raw CTP data to show ana-
tomical contrast) was used to segment parenchyma from cerebrospinal
fluid, ventricles, and skull using Hounsfield Unit (HU) thresholds (~35-
100 HU range). Next, this anatomical mask was applied to the CBF func-
tional map, which was used to separate ischemic tissue voxels - a
threshold of CBF < 13 ml-min~'- (100 g) " as described previously as
tissue that will infarct if reperfusion is not achieved (total tissue at
risk). Within this ischemic mask, values of CBF, CBV and PS were obtain-
ed while excluding large vessels (CBV > 8 ml/100 g). The ischemic mask
was then mirrored into the contralateral hemisphere to obtain the cor-
responding normal values for CBF, CBV and PS. For the PS parameter, is-
chemic PS values were divided contralateral PS values to obtain a
relative PS for each patient.

Reperfusion was evaluated using the Thrombolysis in Cerebral
Infarction score (TICI, with 2b/3 as successful reperfusion) and

recanalization was evaluated using the arterial occlusive lesion score
(AOL) in patients who underwent mechanical thrombectomy. The re-
canalization status in patients treated with intravenous thrombolysis
(IV tPA) was assessed by a control CTA carried out within 24-32 h (com-
plete, partial or none). Volume of infarction was measured semi-auto-
matically in Quantomo® software. Midline shift was assessed at the
level of the septum pellucidum (in mm) by a consensus of authors
(0.V,, P.C.). All readers were blinded to clinical information as well as
follow-up data.

24. Statistical analysis

All analyses were performed with the use of Stata/SE 12.1 software
(StataCorp LP). Baseline and outcome measures are presented as the
mean and standard deviation (SD) for continuous variables, median
and interquartile range (IQR) for categorical variables, and percentage
for nominal variables. CTP parameters for patients with and without
midline shift were compared with univariate Mann-Whitney Sum test.
Receiver operator characteristic curves analysis with accuracy measures
were obtained for each CTP parameter.

3. Results

0f 200 patients, seven of them (3.5%) had 25 mm midline shift. Two
patients were excluded due to the presence of motion artefacts in CTP
data. The 5 patients with midline shift were matched with 5 patients
without midline shift based on admission ASPECTS, admission NIHSS
and volume of ischemia on control imaging. Mean age in the >5 mm
midline shift group was 61 years (standard deviation/SD + 14), in the
control group 78 years (SD & 11). There was no significant difference
in cardiovascular risk factors (hypertension, admission blood pressure,
diabetes mellitus, dyslipidemia, atrial fibrillation, and coronary artery
disease) between the two groups, Table 1. Six patients were treated
with [V tPA (no recanalization on control CTA). Four patients underwent
stent-retriever thrombectomy (MT) with reperfusion TICI 2b/3 and AOL
[llin all of these patients (time from symptom onset-to-recanalization
ranged from 310 to 403 min). Midline shift of 25 mm has developed
in three patients with MT and in two patients treated with IV tPA.
There was no significant difference between the two groups in the
mean values of CBF, CBV, and PS in the ischemic and contralateral mirror
area, Table 2. A CBV threshold of 1.7 ml/100 g had the highest AUC =
0.72, 95% CI = 0.54-0.90 for midline shift, sensitivity and specificity
were 0.83 (95% CI = 0.730.93) and 0.67 (95% CI = 0.550.80).

Table 1

Characteristics of study population.
Characteristics All Midline shift <5 mm Midline shift > 5 mm p-Value®

N=10 n=>5 n=>5

Sex, female, n (%) 4 (40%) 1 3 0.52
Age, year, mean (SD) 69 (15) 78 (11) 61(14) 0.07
NIHSS baseline, median (IQR) 22 (19-29) 2 22 095
NIHSS 24 h, median (IQR) 23(14-24) 21 23 093
History of hypertension, n (%) 6 (60%) 4 2 0.52
Admission systolic blood pressure, mmHg, mean (SD) 143 (26) 141 (35) 144 (17) 0.85
Admission diastolic blood pressure, mmHg, mean (SD) 77 (16) 68 (11) 86 (15) 0.07
Diabetes mellitus, n (%) 1 (10%) 0 1 1
Dyslipidemia, n (%) 5 (50%) 4 1 0.2
Atrial fibrillation, n (%) 3(30%) 2 1 1
Coronary artery disease, n (%) 1(10%) 0 1 1
Admission ASPECTS, median (IQR) 9(8-10) 9(8-10) 0.95
Poor leptomeningeal collaterals, n (%) 3(30%) 2 1 1
TICI 2b/3, n (%) 4(40%) 1 3 0.03
Volume of infarction (mL), median (IQR) 214 (145-292) 227 210 0.5

SD - standard deviation, ASPECTS - Alberta Stroke Program Early CT Score, NIHSS - National Institutes of Health Stroke Scale, TICI - Thrombolysis in Cerebral Infarction, IQR - interquartile

range, ICA - internal carotid artery, MCA - middle cerebral artery.
4 Mann-Whitney or two-tailed Fisher test.
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Table 2
Comparison of CTP parameters in the group with and without a significant midline shift.

CTP parameters Midline shift < Midline shift> p-Value®
5mm 5mm
n=>5 n=>5

Ischemic territory, mean (SD) ~ CBF 8.07 (7.34) 8.69 (8.20) 0.69

CBV 1.94(1.48) 1.21(1.03) 0.06

PS 1.76(1.48) 2.29(2.20) 0.13

Contralateral corresponding CBF 3796 (36.17) 42.69(40.08) 0.11

area, mean (SD) CBV 2.36(2.19) 278 (1.91) 025

PS  1.05(1.11) 0.92(1.19) 0.67
(

Relative PS, mean (SD) 187(142)  352(218) 020

CBF - cerebral blood flow, CBV - cerebral blood volume, PS - permeability surface area.
@ Student t-test.

4. Discussion

In the small case-controlled data set, we showed that permeability
analysis with an adequate scan length has a potential to differentiate be-
tween patients with and without midline shift in acute anterior circula-
tion ischemic stroke.

Recent retrospective malignant brain edema prediction studies
based on CTP analysis were devoted to analyse the BBB permeability
in relation to malignant brain edema (number of patients with malig-
nant edema: 3 and 12, respectively). Unlike our permeability analysis,
these studies utilized the Patlak's model, or its modification, by com-
mercially available software (Brain Perfusion Philips, Syngo Neuro PCT
Siemens). These studies also differed in their technical approach to per-
fusion data acquisition (e.g. Bektas et al. used first-pass data, which
poses a higher risk of data distortion in permeability analyses). This,
among other things, affects quantitative comparisons with our data.
Prospective CTP studies devoted to brain edema prediction were fo-
cused primarily on evaluating the admission CBF values of the ischemic
territory [14,15]. One of them was focused on analysis of CBF maps ac-
quired from FMZ-PET. However, this method is purely experimental
and is not included in standard neuroimaging protocols in acute ische-
mic stroke due to logistical complexities.

A prospective study by Horsch et al. has brought new evidence that
the CBV parameter and increased permeability of BBB are factors associ-
ated with space-occupying edema in anterior circulation stroke [25].
This is in accordance with our pilot results (CBV parameter had the
highest accuracy for midline shift prediction, and there was also a
trend for the mean PS values). Thus, the larger CBV ischemic deficit
with increased permeability within the region might be considered as
potential markers of malignant brain edema, and we consider these
CTP parameters as target biomarkers for future studies. Using the
same extended CTP acquisition, increased permeability of CT contrast
at patient admission has been associated with hemorrhagic transforma-
tion (HT) [24]. However, red blood cell extravasation into the surround-
ing parenchyma requires large pore sizes within the endothelial cell
wall, much larger than what would be required for ME. Therefore, we
can speculate that at the snapshot of CTP imaging, the amount of CT con-
trast which extravasates in patients with ME is likely not discernable.
Moreover, the pathophysiological process of malignant edema may
not start until later in the ischemic cascade, and may even require reper-
fusion to the ischemic territory before the process even begins (reperfu-
sion injury). Thus, the permeability analysis may be more useful for
patients arriving late (>6 h from symptom onset).

We are aware the lower number of patients who we were able to en-
roll into the analyses (on the other hand, if we consider the malignant
brain edema occurrence 3-10%, our incidence rate 3.5% is within the
range). We are aware of the selection bias, which might have been
caused by the matching procedure leading to age difference between
the groups.

In contrast with majority of previously published studies, a well-de-
fined prospective cohort has been studied and analysed. To have the

opportunity to make some comparisons with previous studies aimed
at predicting of malignant brain edema in patients with acute ischemic
stroke, our pilot analysis also evaluated perfusion parameters for the en-
tire region of detected acute ischemia, which might led to negative re-
sults of our pilot study. Nevertheless, to assess the predictive value of
CT perfusion in the development of malignant brain edema we deem
necessary to evaluate standardized data in larger and multicentre co-
horts and analyse permeability in specific regions of interests within
the ischemic territory.
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PRACTICE PERSPECTIVES

Displaying Multiphase CT Angiography Using a Time-Variant
Color Map: Practical Considerations and Potential
Applications in Patients with Acute Stroke

J.M. Ospel, ““O. Volny, ““W. Qiu, “’M. Najm, ““N. Kashani, ““M. Goyal, and ““B.K. Menon
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ABSTRACT

SUMMARY: Various imaging protocols exist for the identification of vessel occlusion and assessment of collateral flow in acute
stroke. CT perfusion is particularly popular because the color maps are a striking visual indicator of pathology. Multiphase CTA has
similar diagnostic and prognostic ability but requires more expertise to interpret. This article presents a new multiphase CTA dis-
play format that incorporates vascular information from all phases of the multiphase CTA series in a single time-variant color map,
thereby facilitating multiphase CTA interpretation, particularly for less experienced readers. Exemplary cases of multiphase CTA
from this new display format are compared with conventional multiphase CTA, CT perfusion, and follow-up imaging to demon-
strate how time-variant multiphase CTA color maps facilitate assessment of collateral flow, detection of distal and multiple intra-
cranial occlusions, differentiation of pseudo-occlusion from real occlusion, and assessment of flow relevance of stenoses, ante-

and retrograde flow patterns, and clot permeability.

ABBREVIATIONS: ACA = anterior cerebral artery; mCTA = multiphase CT angiography; PCA = posterior cerebral artery

ince the publication of multiple recent trials attesting to the

benefit of thrombolysis and thrombectomy even in patients
presenting late after stroke onset, fast and reliable detection
of cerebrovascular pathology is ever more important. Several
ongoing trials are using imaging to further expand treatment
indications in patients with acute stroke. Imaging protocols
designed for patients with acute stroke, therefore, need to be reli-
able in detecting and measuring a whole host of cerebrovascular
pathology, including arterial flow dynamics across time, pial
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collateral status, distal arterial occlusions, and thrombus charac-
teristics such as extent and permeability, carotid pseudo-occlu-
sions, and venous thrombus, to name a few. Because acute stroke
is a time-sensitive state in which any delay in decision-making
affects patient outcome, such imaging protocols need to be easy
to interpret for the average stroke physician in a small hospital.
These imaging protocols also need to be easy to acquire and pro-
cess without being affected too much by patient motion, a com-
mon occurrence when imaging patients with stroke.

Multiphase CTA (mCTA) provides time-resolved images of
the cerebral vasculature that satisfy many of the above require-
ments for use in patients with acute stroke. The current display
format of mCTA consists of 3 gray-scale images of the cerebral
vasculature displayed side by side; visualization requires the
reader to link these images together and scroll through them
simultaneously. Interpretation, therefore, requires some degree of
expertise. The technique was, however, used as a selection crite-
rion for endovascular treatment in patients with acute ischemic
stroke with large-vessel occlusions presenting <12hours from
symptom onset in the Endovascular Treatment for Small Core
and Proximal Occlusion Ischemic Stroke (ESCAPE) trial and is
being used in the ongoing Safety and Efficacy of NA-1 in Subjects
Undergoing Endovascular Thrombectomy for Stroke (ESCAPE-
NA1; NCT02930018) and the A Randomized Controlled Trial of
TNK-tPA Versus Standard of Care for Minor Ischemic Stroke
With Proven Occlusion (TEMPO 2; NCT02398656) trials. Good
collaterals as determined on CTA have also been shown to
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FIG 1. Right-sided M1 segment MCA occlusion (arrow). ColorViz summation maps (upper
row) show predominantly green vessels in the affected territory (arrowheads), indicating a 1-
phase delay; The vessel extent is identical to that of the unaffected hemisphere. The findings
are consistent with good pial artery filling and collateral flow. Corresponding conventional
mCTA images are displayed in the lower row. The patient received intravenous alteplase, and
follow-up MR imaging 24 hours after symptom onset (upper and lower right) shows infarction
of the caudate head and lentiform nucleus only, with sparing of the cortex.

m Arterial phase m Peak venous phase u Late venous phase
FIG 2. Left-sided M1 segment MCA occlusion (arrow). ColorViz summation maps (upper row)
show predominantly green vessels (arrowheads) in the affected territory, indicating a 1-phase
delay. However, the vessel extent is reduced compared with the unaffected hemisphere. Hence,
the findings are consistent with intermediate pial artery filling and collateral flow. Corresponding
conventional mCTA images are displayed in the lower row. The patient was treated with intrave-
nous alteplase, and follow-up CT after 24 hours (upper and lower right) reveals an incomplete in-
farction pattern. While the insula, M1, and M2 regions are infarcted, the M3, M4, M5, and M6
regions are spared. Infarction is also present in the left PCA territory, indicating a fetal left PCA
origin.

blood flow but with more complex ac-
quisition and postprocessing, is con-
sidered easier to interpret because the
display format is a single color-coded
cerebral map of estimated blood flow
and predicted tissue fate. This feature
is in spite of obvious disadvantages of
CTP, including longer image-acquisi-
tion times, susceptibility to patient
motion, more radiation exposure, an
additional contrast dose, a lack of
whole-brain coverage, and complex
and heterogeneous postprocessing
algorithms. mCTA, on the other
hand, requires no postprocessing,
has a lower radiation dose, and can be
acquired in <30 seconds (as opposed
to CTP, which requires continuous
scanning for 45-90 seconds), thereby
minimizing motion artifacts.

In this primarily descriptive arti-
cle, we present the case for a novel
mCTA display format that encodes
vascular information from all mCTA
phases into a single color-coded map
using a simple algorithm, thereby
combining the indicator effect of
color with the technical advantages
of mCTA.

Patient Cohort

Imaging data were obtained are from
the Precise and Rapid Assessment of
Collaterals Using Multi-phase CTA
in the Triage of Patients With Acute
Ischemic Stroke for IA Therapy' a
prospective observational multicenter
study that seeks to analyze the incre-
mental value of mCTA and CTP in
acute ischemic stroke (n=596). The
local institutional ethics boards (Uni-
versity of Calgary, Foothills Medical
center) approved the study. Patient
baseline characteristics from this study
are summarized in the On-line Table.

Image Acquisition and
Interpretation

The details about the multiphase CTA
acquisition technique, parameters, and
image interpretation can be found in
the On-line Appendix. Color-coded

correlate with reduced infarct volume in patients presenting ~mCTA summation maps presented here were created on a work-
beyond 6 hours." Most interesting, no association between collat-  station using the FastStroke research prototype (GE Healthcare,
eral status and outcome was noted in this study." CTP, another ~ Milwaukee, Wisconsin), a CT image-analysis software package

imaging technique with time-resolved images of parenchymal  thatis intended to display the full set of imaging information of
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FIG 3. Left-sided ICA carotid L-occlusion (arrow). ColorViz summation maps (upper row) show a
severely reduced vessel extent compared with the unaffected hemisphere (arrowheads). The
few visible opacified vessels are predominantly blue, suggesting a 2-phase delay. This is consistent
with poor pial artery filling and collateral flow. The patient was treated with antithrombotic ther-
apy, and follow-up MR imaging after 24 hours (upper and lower right) shows complete infarction
of the left MCA territory.

mArterial phase

m Peak venous phase u Late venous phase

FIG 4. Left-sided M4 segment MCA occlusion. ColorViz summation images (upper row)
show a focal area with blue and green vessels in the left frontal lobe (black arrows), ie, an
area with delayed pial artery filling and washout, suggestive of a distal vessel occlusion.
The thrombus itself cannot be visualized; the occlusion was detected on the basis of ar-
terial flow information only. Corresponding conventional mCTA images in the lower row
also show a slight delay in left frontal pial artery filling and washout; however, the occlu-
sion is not as easily appreciable as in the color-coded summation maps. The patient
received intravenous alteplase. Follow-up MR imaging after 24 hours (upper right) shows
an acute left frontal lobe infarction, thereby confirming the suspected site of intracranial
occlusion.

202  Ospel Feb2020 www.ajnr.org

an advanced stroke CT imaging pro-
tocol (noncontrast CT, multiphase
CTA, and CTP) in 1 single opti-
mized, progressive workflow. The
software fuses the vascular informa-
tion from the different CTA phases
(maximum of 9 phases) into a single
color-coded view called ColorViz. It
uses the original multiphase CTA
thin slices to automatically display
MIPs of the axial, coronal, sagittal,
and oblique reformations. Colors are
assigned on the basis of the timing
and extent of contrast enhancement
in the vessels and on a per-patient
adaptive threshold technique; vessels
maximally enhancing during the pre-
venous phase appear red; those that
enhance in venous phase and venous
phase are displayed in green and blue,
respectively. The overall and phase-
specific extent of pial en-hancement
can then be quantified and com-
pared with other territories in the
contralateral hemisphere. Postpro-
cessing is fully automated with the
color-coded maps being available for
review within 5-10 seconds. For evalua-
tion of the vessel extent, the summation
map can be switched to a single-color
mode. Hence, the color display of the
vasculature provides the full set of
information about the dynamics and
extent of pial artery filling from all
mCTA phases in 1 single series. This
feature expedites assessment of the
intracranial vasculature compared
with the conventional mCTA display
format.

Evaluating Pial Arterial Filling/
Collateral Flow

mCTA is a reliable tool for assessment
of pial artery filling in acute stroke
imaging. Several studies (some single-
center) have shown that it reduces
interrater reliability and has excellent
predictive validity with regard to clini-
cal outcome.>” It has, therefore, been
used in past’ and in ongoing clinical
stroke trials such as ESCAPE NAI and
TEMPO 2. Pial artery filling is eval-
uated by assessing the extent of arterial
filling and delay in that filling com-
pared with the opposite side. A third
metric is delayed washout of contrast
within the pial arteries over the 3
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FIG 5. Right-sided A2 segment ACA occlusion (arrows). ColorViz summation images
(upper row) show green and blue vessels distal to the occlusion (arrowheads), indicat-
ing impaired arterial filling within the right ACA territory. Corresponding conventional
mCTA images are shown in the lower row. The patient received intravenous alteplase.
Follow-up CT after 24 hours (upper and lower right) shows infarction in the right ACA

territory.

m Arterial phase

m Peak venous phase m Late venous phase

FIG 6. Right-sided fetal PCA occlusion (arrows). As opposed to the left PCA (lower middle
image), the right distal PCA (lower left image) is blue in the color-coded summation
images, suggestive of impaired filling of the distal vessel. The delayed arterial filling leads
to a subsequent delay in venous filling in the posterior fossa on the affected side (arrow-
heads), a useful feature that is often encountered in posterior circulation occlusions and
can help to identify the site of occlusion. Mechanical thrombectomy was performed.
Follow-up MR imaging after 24 hours (lower right) reveals small right-sided occipital and
thalamic infarct.

phases. Although pial artery filling and
collateral flow are relatively easy to assess
on conventional mCTA, the color-coded
summation maps (ColorViz) further
facilitate interpretation by combin-
ing all information into a single
image and using a color-coded dis-
play format. Image-interpretation
time is a few seconds for color-
coded mCTA summation maps, as
opposed to approximately 1 minute
for conventional mCTA maps. An
exemplary method for assessing col-
laterals on ColorViz based on assess-
ing delay, extent, and washout
within pial arteries is shown in Fig 1.

To assess pial artery filling using
ColorViz, one visually determines the
predominant vessel color (the color
that is present in >40% of the vessels)
in the affected vascular territory.
Under normal circumstances, pre-
dominantly red vessels (such as the
vessels on the contralateral side in Figs
1-3) indicate no delay, predominantly
green vessels indicate a 1-phase delay
(Fig 2), and predominantly blue ves-
sels, a 2-phase delay (Fig 3). The ab-
sence of visible vessels in the affected
territory indicates “no filling.” Because
diseases such as congestive heart fail-
ure can lead to a reduction in cardiac
output and systemic flow delays, the
predominant color in the unaffected
hemisphere is also assessed and com-
pared with the predominant color in
the affected side. Of note, this correc-
tion cannot be applied to conditions
that cause unilateral flow delays, such
as flow-limiting proximal ICA steno-
sis, a limitation of mCTA. The extent
of pial artery filling is scored in a sin-
gle color mode by comparing vessel
extent in the affected territory with
that in the contralateral hemisphere.
Differentiation of veins and arteries is
based on their distinct flow character-
istics (veins are usually displayed in
green or blue because they enhance in
the peak venous and late venous
phases), filling direction, morphology,
and anatomic location. The affected
hemisphere may be considered to
have good collateral flow if pial vessels
distal to the occlusion are well-seen
and are predominantly red or green
(Fig 1).
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FIG 7. Bilateral M3 segment MCA occlusions (arrows) visualized through changes in the pial ar-
tery color compared with the surrounding pial arteries. Some cortical MCA branches of both
hemispheres are depicted in green and blue (arrowheads), consistent with bilateral occlusions.
Due to the symmetry of the occlusions, they are difficult to appreciate on conventional mCTA
(lower row). CTP (lower right) shows prolonged time-to-maximum times in the affected territo-

ries, confirming the suspected occlusions.

Intermediate pial artery filling and collateral flow are present
if either pial artery extent, pial artery filling, or both are moder-
ately reduced in the affected territory (Fig 2). Most frequently,
intermediate collateral flow manifests as green vessels (indicating a 1-
phase delay) and reduced pial artery extent compared with the unaf-
fected hemisphere.

Complete absence of pial artery filling or severely reduced extent
and a 2-phase filling delay (ie, predominantly blue vessels) or com-
plete absence of vessel opacification distal to the occlusion is consid-
ered poor pial artery filling (Fig 3).

Increasing Sensitivity in Vessel Occlusion Detection

While large-vessel occlusions are relatively easy to spot on single-
phase CTA, distal occlusions are often missed.>® Both CTP (by
detecting ischemia in the color maps) and mCTA (through
delayed collateral filling and washout) have been shown to
improve distal-vessel-occlusion detection compared with single-
phase CTA alone.”” The additional color-indicator effect that is
achieved using a color-coded display format and the ability to
merge the vascular information in 1 rather than 3 series further
facilitate detection of distal vessel occlusions on mCTA. The hall-
mark of distal occlusion in color-coded mCTA maps is areas of
delayed flow manifesting as pial vessels in green and blue within 1
vascular territory (Fig 4).

Another advantage of color-coded mCTA summation
maps is in detecting distal anterior cerebral artery (ACA) and
posterior cerebral artery (PCA) occlusions (Figs 5 and 6). In
theory, ACA and PCA occlusions can be easily detected on
CTP by detecting perfusion abnormalities in the affected ter-
ritories. However, the ACA and PCA territories are often not
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fully covered by the 4-, 8-, or 10-cm
CTP slab that is frequently used with
older generation scanners. Further-
more, mCTA does not succumb to
skull base artifacts to the same extent as
CTP and can therefore better visual-
ize the posterior circulation. A par-
ticularly useful feature for posterior
circulation occlusions is the venous
filling delay in the posterior fossa,
which results in a subsequent delay
of venous filling, manifesting as an
increased number of veins depicted
in blue (Fig 6).

Detection of Multiple Intracranial
Thrombi

Detecting intracranial thrombi other
than the large-vessel occlusion that is
easily identified is important because
it may influence acute treatment strat-
egies® and ultimately affect patient
outcomes.” Color-coded mCTA is able
to detect multiple intracranial occlusions
in either the same (Fig 7) or different
(On-line Fig 1) vascular territories.

CONCLUSIONS

Color-coded mCTA summation maps may facilitate easier
assessment of acute stroke pathology, including better assess-
ment of collateral status, distal occlusions, carotid pseudo-occlu-
sions, intracranial stenosis, and thrombus permeability. ColorViz
may be particularly useful for less experienced readers. Future work
will, however, need detailed quantitative validation of each of the
imaging constructs that ColorViz mCTA provides in patients with
acute stroke.
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Single-Centre Experience with Patients Selection for Mechanical
Thrombectomy Based on Automated Computed Tomography
Perfusion Analysis—A Comparison with Computed
TomographyCT Perfusion Thrombectomy Trials
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Jiri Jarkovsky, phD, Msc,} Veronika Prelecova, msct
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Background: In randomized clinical trials, mechanical thrombectomy (MT) was proved
to be a highly effective treatment of acute ischemic stroke which improved clinical out-
comes. Some of the trials used automated computed tomography perfusion (CTP)
analysis for selection of participants. We present a single-center experience with CTP
selection and comparison with CTP trials. Methods: Data of consecutive MT patients
(from January 2016 to December 2017) were retrospectively reviewed. All patients with
multiphase CT angiography confirmed the presence of anterior circulation large vessel
occlusion/s in the intracranial internal carotid artery and/or middle cerebral artery
(M1 or M2) and with admission brain CTP analyzed by RAPID software were included
into the analysis. Results: Sixty-two patients fulfilled the inclusion criteria (mean age
was 70.1 + 13.6 years, females 48.5%). At baseline, National Institutes of Health Stroke
Scale score was 16 (IQR =13-20), Alberta Stroke Program Early CT Score (ASPECTS)
was 8 (IQR =7-9), CTP core volume was 20 mL (IQR =2-36), and CTP penumbra vol-
ume was 145.5 mL (IQR = 107-184). Time from stroke onset to imaging was 1 hour 32
minutes, time from stroke onset to reperfusion was 3 hours 50 minutes, and median time
from CT to reperfusion was 1 hour 56 minutes. Modified thrombolysis in cerebral infarc-
tion 2b/3 was achieved in 42 patients (67.7%). Twenty-three patients (37%) had modified
Rankin scale 0-2 at 90 days. Conclusions: Our analysis of CTP-selected patients for MT
supports clinical applicability of automated CTP analysis into everyday clinical practice.
Key Words: Mechanical thrombectomy—CT perfusion—RAPID—single-centre
experience
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Introduction

Recent randomized clinical trials (RCTs) demonstrated
that mechanical thrombectomy (MT) with second-genera-
tion neurothrombectomy devices represents a highly
effective and safe treatment for patients with acute ische-
mic stroke due to a large cerebral artery occlusion in the
anterior cerebral circulation when performed within
6 hours after symptoms onset."

Following trials with an extended time window for the
treatment, DAWN (DWI or CT perfusion [CTP] Assess-
ment with Clinical Mismatch in the Triage of Wake-Up
and Late Presenting Strokes Undergoing Neurointerven-
tion with Trevo) and DEFUSE 3 (Endovascular Therapy
Following Imaging Evaluation for Ischemic Stroke),
showed the clinical benefit on 90 days functional outcome
for thrombectomy patients who had last been known to
be well between 6 and 24 hours prior to presenting stroke
symptoms and who had the evidence of salvageable tis-
sue on perfusion imaging.”*

Since the neuroimaging protocol at our comprehensive
stroke center from 2016 includes noncontrast computed
tomography (CT), multiphase CT angiography (mCTA),
and CTP evaluated automatically by RAPID software as
used in all above mentioned perfusion trials, we decided
to analyze real-world data and present our single-center
experience and comparisons with above mentioned RCTs.

The main aim of our study was to compare short-
term and long-term clinical outcomes in patients who
were selected to undergo MT based on automated CTP
analysis.

Methods
Patient Selection

Data of consecutive MT patients from January 2016 to
December 2017 were retrospectively reviewed. All
patients with mCTA confirmed presence of the anterior
circulation large vessel occlusion in the intracranial inter-
nal carotid artery and/or middle cerebral artery (M1 or
M2) and with admission imaging including mCTA and
CTP were included into the analysis.

Ethics approval was obtained from the local Institu-
tional Review Boards (the Boards waived the need for
patient consent).

Imaging Protocol

Patients suspected of experiencing acute ischemic
stroke and presenting no history of either renal failure or
contrast allergy routinely undergo a noncontrast CT,
mCTA from the aortic arch to vertex (Calgary Stroke Pro-
gram protocol), and CTP.

Noncontrast CT was acquired on a multidetector scan-
ner (120 kV, 328 mAs [419 mAs/slice], Brilliance iCT 256;
Philips Healthcare, Cleveland, OH) with a section thick-
ness of .9 mm and an image reconstruction of 3 mm.

J. VANICEK ET AL.

For the CTP protocol, 40 mL of contrast agent (lomeron
300; Mallinckrodt Pharmaceuticals; Dublin, Ireland) was
power injected at 5 mL/s followed by a saline chase of 50
mL at 5 mL/s. Sections of 8 cm thickness were acquired at
10 mm slice thickness. Scanning began after a delay of 5
seconds from contrast injection in every 1.8 seconds for 75
seconds.

Image Processing

Commercially available automatic software (RAPID,
iSchemaView) was used to generate perfusion maps and
calculate volumes of ischemic core (regional Cerebral
Blood Flow (CBF) <30%), critically hypoperfused tissue—
ischemic penumbra (time to the maximum of the residue
function [Tyax] > 6 seconds) and mismatch volume.

Image Analysis

Patient study images (admission CT, mCTA, digital
subtraction angiography studies, and 24-hour control CT)
were assessed independently of each other by consensus
of 2 experienced readers (P.C. and O.V.) during different
sessions. Early ischemic changes were assessed on CT
using the ASPECT scoring system. The collateral status
was scored on the mCTA as good, moderate, or poor as
previously described. Good collaterals were defined as
pial vessels with no delay or a delay of 1 phase on mCTA
in filling in when compared with the asymptomatic hemi-
sphere, and normal extent within the ischemic territory.
Moderate collaterals were defined as pial vessels with a
delay of 2 phases in filling in and normal to decreased
extent, or as pial vessels with a 1-phase delay and a signif-
icantly reduced number of vessels, or the presence of
regions with no vessels within the ischemic territory. Poor
collaterals were defined as just a few or no vessels visible
in any phase within the ischemic territory.’

Final infarction was assessed using the ASPECTS on a
24-hour control CT and the presence or absence of haemor-
rhagic transformation was noted (ECASS 1I classification).
Angiographic studies from the endovascular procedure
were assessed for reperfusion using the modified thrombol-
ysis in cerebral infarction (TICI) score. The modified TICI
score is a 5-point scale that ranges from 0 (no reperfusion)
to 3 (complete reperfusion of the previously ischemic terri-
tory) including grade 2c (almost complete reperfusion)."”

Clinical Assessment

Clinical assessments were performed at baseline and
included the National Institutes of Health Stroke Scale
(NTHSS) score and, at 90 days by the modified Rankin
scale (mRS), both were determined by certified raters.

Outcomes

The primary efficacy outcome was the ordinal score on
the mRS, range: 0 (no symptoms) to 6 (death) at day 90.
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The score was assessed in person, or by telephone if an in-
person visit was not feasible. The secondary efficacy out-
come was functional independence (defined as a score on
the mRS of 0-2) at day 90. The primary safety endpoints
were death within 90 days and the occurrence of symp-
tomatic intracranial hemorrhage, defined as parenchymal
hematoma type 2 on a 24-hour control CT.

The technical efficacy of the endovascular procedure
was defined as a modified TICI score of 2b (50%-90%
reperfusion) to 3 (complete reperfusion).

The procedure-related outcomes were characterized by
the time from symptom onset to admission imaging (CT),
the time from symptom onset to reperfusion, and the time
from CT to reperfusion.

Statistical Analysis

Standard descriptive statistics was applied in the analysis;
absolute, and relative frequencies for categorical variables
and mean supplemented with standard deviation or median
supplemented by interquartile range (IQR) for continuous
variables. The relation of clinical endpoint and its potential
predictors was analyzed using logistic regression and
described by odds ratios, their confidence intervals, and sta-
tistical significance; P=.05 was taken as a level of statistical
significance in all analyses. Statistical analysis was computed
using the SPSS 25.0.0.1 software (IBM Corporation, 2017).

Medians of core/penumbra in our cohort and in the
RCTs were compared. Statistical significance of difference
between our cohort and the RCTs was estimated by using
a 2 sample ¢ test with following assumptions: (1) normal
distribution of log transformed data and (2) standard
deviation estimated from the IQR.

Results

From January 2016 to December 2017, a total number of
62 patients fulfilled the inclusion criteria (mean age was
70.1 + 13.6 years, females 48.5%). Patients’ characteristics
are shown in Table 1. At baseline, the median NITHSS
score was 16 (IQR=13-20). The baseline median
ASPECTS was 8 (IQR=7-9). The median infarct volume
was 20 mL (IQR =2-36), median penumbra volume was
145.5 mL (IQR = 107-184). Comparison of our cohort with
the CTP-thrombectomy trials is summarized in Table 2.

The median time from the stroke onset to imaging was
1 hour 32 minutes, median time from the stroke onset to
reperfusion was 3 hours 50 minutes, and the median time
from the CT to reperfusion was 1 hour 56 minutes
(Table 3). The modified TICI 2b/3 was achieved in
42 patients (67.7 %). Twenty-three patients (37%) had
mRS 0-2 at 90 days.

Table 4 summarizes results of univariate logistic regres-
sion.

Univariate models were constructed for each potential pre-
dictor and their effects were evaluated separately. In all mod-
els, the outcome measure was a 90-day mRS score of 0-2.

Discussion

In our analysis we evaluated real-world thrombectomy
data from a high volume centre in the Czech Republic and
compared the data with RCTs which used an automated
CTP analysis (RAPID software) for patient selection.

From a demographic standpoint, our and above men-
tioned CTP-trials’ cohorts were balanced in age, sex,
admission NIHSS score, and comorbidities. From an
imaging standpoint, our and CTP-trials” cohorts were bal-
anced in admission ASPECTS and clot localization in the
anterior cerebral circulation. Patients in our cohort had
larger admission ischemic cores (median 20 mL) and pen-
umbra (145 mL) in comparison to the CTP trials, which
selected their participants according to perfusion mis-
match (SWIFT PRIME, EXTEND IA, DEFUSE 3) or clini-
cal/imaging mismatch (DAWN). The difference in the
size of core was statistically significant in comparison to
DAWN (P =.001) and DEFUSE study (P = .019). However,
this estimated results needed to be taken with some cau-
tious as the data was tested assuming the normal distribu-
tion within the particular patient cohorts. It was discussed
previously that strict patient selection criteria might have
potentially increased the rate of patients who had a good
clinical outcome but, on the other hand, reduced treat-
ment effect.’’ Our analysis showed that a significant pre-
dictor for good clinical outcome was the successful
reperfusion (TICI 2b/3). There was no association of
either good or poor clinical outcome with the volume of
the ischemic core on admission CTP in our cohort. A pos-
sible explanation might be that all patients met the recom-
mended perfusion criteria for ischemic core (defined as
<50 mL in the SWIFT-PRIME trial) or less than 70 mL in
the EXTEND-IA trial, respectively). These findings indi-
cate that volume of the core is just 1 parameter and that
clinical outcome is dependent on other variables such as
the localization of core (eg, ischemic injury /damage to the
motor corticospinal tract), the volume of salvagable pen-
umbra and its localization in hypoperfused territory as
well as the level and time of successful reperfusion.

Previous trials have demonstrated that workflow speed
is strongly associated with better functional outcomes,
thus the reduction of procedural times must be targeted
in clinical practice."*"* The majority of patients included
into our analysis were treated within the 6-hour time win-
dow from the symptom onset, which reflects efficient
acute stroke care management at the regional level.'” On
the other hand, there is still a place for improvement at
our centre, especially in door-to-groin and groin-to-
reperfusion times.'®

In terms of clinical outcome, defined as mRS 0-2 after 3
months, this single-centre experience showed comparable
rates of good outcome with the SWIFT-PRIME trial (mRS
0-1 18% versus 20%; mRS 0-2 37% versus 35%). The rela-
tive decrease in the number of patients with a good
3-month clinical outcome in comparison to other throm-

95



1088 J. VANICEK ET AL.
Table 1. Participants demographics, baseline imaging characteristics, procedural measures, and outcomes

Variable Category/descriptive statistics Study group (N=62)
Age-y Mean = standard deviation 70.1 £13.6
Sex-no. (%)

Males 32(51.6 %)

Females 30 (48.4 %)
Baseline NIHSS score

Median 16.0

Interquartile range 13.0-20.0
Baseline CT ASPECTS

Median 8.0

Interquartile range 7.0-9.0
Clot localisation, no. (%)

Ml 45 (72.6 %)

M2 7(11.3 %)

Terminal internal carotid artery 10 (16.1 %)
Pial collaterals, no. (%)

Poor 7(11.3 %)

Medium 28 (45.2 %)

Good 26 (41.9 %)
RAPID core (mL)

Median 20.0

Interquartile range 2.0-36.0
RAPID penumbra, mL

Median 145.5

Interquartile range 107.0-184.0
RAPID mismatch, mL

Median 118.5

Interquartile range 84.0-153.0
TV Thrombolysis, no. (%) 43 (69.4 %)

Procedural measures, h:min

Thrombolysis in cerebral infarction, no. (%)

Follow-up ASPECTS

Haemorrhagic transformation, no. (%)

Modified Rankin scale 3 mo, no. (%)

Comorbidities, no. (%)
Hypertension

Median time from stroke onset to groin puncture” (IQR)
Median time from CT onset to reperfusion’ (IQR)
Median time from stroke onset to reperfusion’ (IQR)

0-2a
2b-3

Median
Interquartile range

HI1 +HI2 + PH1
PH2

0-1
0-2

Hyperlipidemia

Diabetes mellitus

Atrial fibrillation

Smoking (previous or current)
Ischemic heart diseases
Previous stroke

2:45 (2:15-4:38)
1:56 (1:36-2:38)
3:50 (3:00-5:27)

20(32.3 %)
42(67.7 %)

6.5
4.0-8.0

15(24.2 %)
2(3.2 %)

11(17.7 %)
23(37.1%)

49/(79.0 %)
30 (48.4 %)
16 (25.8 %)
23(37.1%)
9(14.5 %)

23(37.1 %)
7(113 %)

Abbreviations: CT, computed tomography; IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale.
*counted on smaller N =51, due to some patients missing data.
fcounted on smaller N = 50, due to some patients missing data.
*counted on smaller N = 44, due to some patients missing data.
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Table 2. Comparison of Brno thrombectomy data with randomized clinical trial using automated CTP analysis (RAPID)

Variable Category Brno (N=62) SWIFT PRIME (N =98) EXTEND IA (N =35) DAWN (N=107) DEFUSE (N=92)
Age,y Mean = SD 70.1 13.6 65.0+ 125 68.6 +12.3 69.4 + 14.1 70.0 (59.0-79.0)
Sex, no. (%)

Male 32 (51.6 %) 54/98 (55 %) 17 (49 %) 51 (52 %) 46 (50 %)
NIHSS score

Median 16.0 17.0 17.0 17.0 16.0

IQR 13.0-20.0 13.0-19.0 13.0-20.0 13.0-21.0 10.0-20.0
CT ASPECTS

Median 8.0 9.0 NA NA 8.0

IQR 7.0-9.0 7.0-10.0 7.0-9.0
Clot localisation, no. (%)

Ml 45 (72.6 %) 62/93 (67 %) 20 (57 %) 83 (78 %) 60 (65 %)

M2 7113 %) 13/93 (14 %) 411 %) 22 %)

ICA 10 (16.1 %) 17/93 (18 %) 11 (31 %) 22 (21 %) 32 (35 %)
Collaterals, no. (%)

Poor 7(11.3 %) NA NA NA NA

Medium 28 (45.2 %)

Good 26 (41.9 %)
RAPID core, mL

Median 20.0 Target perfusion mismatch 12.0 7.6 9.4

83/98 (85%)*

IQR 2.0-36.0 4.0-32.0 2.0-18.0 2.3-25.6
Core volume Brno versus other groups, P value' - - 218 .001 .019
RAPID penumbra, mL

Median 145.5 106.0 114.7

IQR 107.0-184.0 76.0-137.0 79.3-146.3
Penumbra volume Brno versus other groups, P - - <.001 - .001

value'

RAPID mismatch

Median 118.5

IQR 84.0-153.0
IV Thrombolysis-no. (%) 43 (69.4 %) 31/98 (32 %) 100% 505 %) 10 (11 %)
TICI 2b/3 42 (67.7 %) 73/83 (88 %) 25/29 (86 %) 90 (84 %) 69/91 (76 %)

Follow-up ASPECTS NA NA 24h-infarct volume 24h-infarct volume
Control imaging Median 6.5 8.0cc 35.0cc
Extent of infarction IQR 4.0-8.0 .0-48.0 18.0-82.0
Hemorrhagic transformation-no. (%) PH2 PH2 PH2 SICH PH2
2(3.2%) 1(1%) 0 (0 %) 6(6 %) 8(9 %)

(Continued)
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Table 2 (Continued)

Variable Category Brmo (N=62) SWIFT PRIME (N =98) EXTEND IA (N =35) DAWN (N=107) DEFUSE (N=92)
mRS 3 mo, no. (%)

0-1 11 (18 %) 20 (20 %) 18 (52 %) 31% 26%

0-2 23 (37 %) 36 (35 %) 25 (72 %) 48% 54%

Abbreviations: CTP, computed tomography perfusion; ICA, internal carotid artery; IQR, interquartile range; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; SD,
standard deviation; TICI, thrombolysis in cerebral infarction.
*The target mismatch profile was defined as the core infarct lesion measured 50 mL or less, the volume of tissue with a time to maximum delay of more than 10 s was 100 mL or less,
and the mismatch volume was at least 15 mL and the mismatch ratio was more than 1.8.
*Statistical significance of difference between our cohort and the RCTs was estimated by using a 2 sample ¢ test with following assumptions: (1) normal distribution of log trans-
formed data and (2) standard deviation estimated from the IQR.

Table 3. Comparison of procedural times

Brno (N =62) SWIFT PRIME (N =98) EXTEND IA (N = 35) DAWN (N =107) DEFUSE (N =92)
Time interval-h:min
Symptom onset to groin puncture™ (IQR) 2:45 (2:15-4:38) 3:44 (2:45-4:35) 3:30 (2:46-4:11) NA NA
CT to reperfusion™ (IQR) 1:56 (1:36-2:38) 0:57 (0:40-1:20) 1:33 (1:11-2:18) NA 0:59
Stroke onset to reperfusion™ (IQR) 3:50 (3:00-5:27) NA 4:08 (3:24-4:37) NA NA

Abbreviations: CT, computed tomography: IQR, interquartile range.
*The time interval expressed as the median.
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Table 4. Relation of clinical result mRS 0-2 (endpoint) with predictors

Univariate logistic regression N endpoint OR (95% CT) P value
Age

<70 27 10 (16.1 %) - -

70+ 35 13 (21.0 %) 1.01 (.36-2.84) 99
Sex

Female 30 6 (9.7 %) - -

Male 32 17 (27.4 %) 4.53 (1.46-14.07) 01
NIHSS score

Median and less 36 15(24.2 %) - -

More than median 26 8(12.9 %) .62 (.22-1.80) .38
CT ASPECTS

Median and less 38 14.(22.6 %) - -

More than median 24 9 (14.5 %) 1.03 (.36-2.96) 96
Clot localisation

Ml 45 17 (27.4 %) - -

M2 7 4(6.5 %) 2.43 (46-12.81) .30

ICA +tICA 10 2(3.2 %) 5.33(.62-45.99) N
Collaterals

Good 26 11 (18.0 %) -

Medium 28 10 (16.4 %) .23 (.02-2.17) 20

Poor 7 1 (1.6 %) .76 (.25-2.27) 62
RAPID core

20 mL and more 32 11(17.7 %) - -

10-20 mL 9 3 (4.8 %) 1.43 (46-4.44) 5

0-10 mL 21 9(14.5 %) .96 (.20-4.57) 95
IV Thrombolysis

No 18 7(11.5 %) - -

Yes 43 16 (26.2 %) .93 (.30-2.89) 90
TICT

Other 21 3 (4.8 %) - -

2b-3 42 20(32.3 %) 5.71(1.46-22.42) 01*
HTN

No 13 5(8.1 %) - -

Yes 49 18 (29.0 %) .93 (.26-3.27) 91
HLP

No 32 9(14.5 %) - -

Yes 30 14 (22.6 %) 2.24 (.78-6.41) 13
DM

No 19 19 (30.6 %) - -

Yes 4 4(6.5 %) A7 (13-1.70) 25
AFib

No 39 17 (27.4 %) - -

Yes 23 6(9.7 %) 46 (.15-1.41) 17
Smoking

No 53 18 (29.0 %) - -

Yes 9 5(8.1 %) 2.43 (.58-10.18) 22
THD

No 39 15 (24.2 %) - -

Yes 23 8(12.9 %) .85 (.29-2.50) 7
Previous stroke

No 55 22(35.5 %) - -

Yes 7 1 (1.6 %) .25 (.03-2.22) |
Time from stroke onset to CT

Median and less 26 10 (18.9 %) - -

More than median 27 11(20.8 %) 1.10(.37-3.31) .87
Time from stroke onset to reperfusion

6 h and less 37 18 (40.9 %) - -

(Continued)
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Table 4 (Continued)
Univariate logistic regression N endpoint OR (95% CI) P value
More than 6 h 7 3(6.8 %) .96 (.30-3.22) 97
Time from CT to groin puncture
Median and less 29 13 (22.0 %) - -
More than median 30 10 (16.9 %) .62 (21-1.77) 37
Time from CT to reperfusion
Median and less 25 13 (26.0 %) - -
More than median 25 9 (18.0 %) 52 (.17-1.61) 26

Abbreviations: AFib, Atrial Fibrillation; CI, confidence intervals; CT, computed tomography; DM, Diabetes Mellitus; HLP, Hyperlipopro-
teinemia; HTN, Hypertension; IHD, Ischemic Heart Disease; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke

Scale; OR, odds ratio; TICI, thrombolysis in cerebral infarction.
*TICI 2b-3 and also the male sex were statistically significant.

bectomy trials might be explained by lower rates of suc-
cessful reperfusion and the nonrandomized design of our
study (TICI 2b/3 67.7% versus 76%-88%). Additionally,
the fact that patients in our cohort had larger cores may
reflect in the lower rates of good clinical outcome. In a
recent study by Rebello et al,'” it was demonstrated that
patients with large cores (more than 50 mL) and large mis-
match profiles may still benefit from endovascular treat-
ment, and reach a favourable shift in the distribution of
90-day mRS score. However, the rate of good clinical out-
come (mRS 0-2) was lower (25%) in comparison to the tri-
als with relatively small cores.

Our study has several limitations. We are aware that our
comparisons with the RCTs are merely qualitative, since our
data are based on retrospective and single-center analysis
with a relatively limited number of patients. The aim of this
study was to evaluate the effect of using the multimodal
imaging protocol for the selection of patients indicated to MT
and the correlation with the final clinical outcome, so only
patients with admission CTP imaging were included. As clin-
ical evaluation of disability and outcome (NIHSS and mRS)
was not completely blind, there may be a source of bias.

In conclusion, our analysis of CTP-selected patients for MT
supports clinical applicability of automated CTP analysis
into everyday clinical practice. Multimodal imaging proto-
cols have a potential to better distinguish patients with a
malignant CTP profile and thus prevent futile reperfusion as
well as avoid excluding patients who may still benefit from
the endovascular treatment regardless the time of onset or in
patients with unknown time of onset.

References

1. Berkhemer OA, Fransen PSS, Beumer D, et al. A random-
ized trial of intraarterial treatment for acute ischemic
stroke. N Engl ] Med 2014;372:141217070022009.

2. Goyal M, Demchuk AM, Menon BK, et al. Randomized
assessment of rapid endovascular treatment of ischemic
stroke. N Engl ] Med 2015: 1-12.

3. Jovin TG, Chamorro A, Cobo E, et al. Thrombectomy
within 8 hours after symptom onset in ischemic stroke. N
Engl ] Med 2015;372:150417035025009.

10.

11

12.

18

14.

15.

16.

17

. Campbell BCV, Mitchell PJ, Kleinig TJ, et al. Endovascu-

lar therapy for ischemic stroke with perfusion-imaging
selection. N Engl ] Med 2015:150211090353006.

. Saver L, Goyal M, Bonafe A, et al. Stent-retriever throm-

bectomy after intravenous t-PA vs. t-PA alone in stroke.
N Engl ] Med 2015;372:2285-2295.

. Goyal M, Menon BK, Van Zwam WH, et al. Endovascu-

lar thrombectomy after large-vessel ischaemic stroke:
a meta-analysis of individual patient data from five rand-
omised trials. Lancet 2016. https://doi.org/10.1016/
50140-6736(16)00163-X.

. Albers GW, Marks MP, Kemp S, et al. Thrombectomy for

stroke at 6 to 16 hours with selection by perfusion imag-
ing. N Engl ] Med 2018;378:708-718.

. Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombec-

tomy 6 to 24 hours after stroke with a mismatch between
deficit and infarct. N Engl ] Med 2018;378:110-121.

. Menon BK, D'Esterre CD, Qazi E, et al. Multi-phase CTA:

a new tool for the imaging triage of patients with acute
ischemic stroke. Int J Stroke 2015;10:307-308.

Zaidat OO, Yoo AJ, Khatri P, et al. Recommendations on
angiographic revascularization grading standards for
acute ischemic stroke: a consensus statement. Stroke
2013;44:2650-2663.

Fiehler J. The time-reset effect. Clin Neuroradiol
2017;27:3-5.

Saver JL, Goyal M, van der Lugt A, et al. Time to treat-
ment with endovascular thrombectomy and outcomes
from ischemic stroke: a meta-analysis. JAMA
2016;316:1279.

Sheth SA, Jahan R, Gralla J, et al. Time to endovascular
reperfusion and degree of disability in acute stroke. Ann
Neurol 2015;78:584-593.

Ribo M, Molina CA, Cobo E, et al. Association between
time to reperfusion and outcome is primarily driven
by the time from imaging to reperfusion. Stroke
2016;47:999-1004.

Volny O, Krajina A, Belaskova S, et al. Mechanical throm-
bectomy performs similarly in real world practice: a 2016
nationwide study from the Czech Republic. ] Neuroin-
terv Surg 2018;10:741-745.

Goyal M, Jadhav AP, Wilson AT, et al. Shifting bottle-
necks in acute stroke treatment. ] Neurointerv Surg
2016;8:1099-1100.

Rebello LC, Bouslama M, Haussen DC, et al. Endovascu-
lar treatment for patients with acute stroke who have a
large ischemic core and large mismatch imaging profile.
JAMA Neurol 2017;74:34.

100



Annex 4

VOLNY O., M. BAR, A. KRAJINA, P. CIMFLOVA, L. KASICKOVA, R. HERZIG, D. SANAK,
O. SKODA, A. TOMEK, D. SKOLOUDIK, D. VACLAVIK, J. NEUMANN, M. KOCHER, M.
ROCEK, R. PADR, F. CIHLAR a R. MIKULIK. A Comprehensive Nationwide Evaluation
of Stroke Centres in the Czech Republic Performing Mechanical Thrombectomy in Acute Stroke

in 2016. Ceska a Slovenska Neurologie a Neurochirurgie [online]. 2017, 80(4), 445—450.
ISSN 1210-7859.

101



ORIGINAL PAPER

PUVODNI PRACE

doi: 10.14735/amcsnn20171

Systematicka evaluace center provadéjicich
mechanické trombektomie u akutniho
mozkového infarktu v Ceské republice za rok 2016

A Comprehensive Nationwide Evaluation of Stroke Centres
in the Czech Republic Performing Mechanical Thrombectomy

in Acute Stroke in 2016

Souhrn

Uvod: Mechanické trombektomie (MT) je standardni Ié¢ba pacientd s akutnim mozkovym infarktem.
Proto jsme se rozhodli systematicky zhodnotit ¢innost center provédgjicich MT v Ceské republice.
Metody: Do v3ech center vysoce specializované péce zajistujicich MT u pacientl s akutnim iktem byl
rozeslan online dotaznik vychézejici zmezindrodnich doporucent, ktery monitoroval vykony provedené
za rok 2016 (64 otézek zaméfenych na zobrazovaci metody, logistiku péce a trénink Iékart). Vysledky:
Navratnost dotazniku byla 100%. Ve 14 centrech jsou vypracovany tzv. lokdini standardy. Viechna centra
disponuiji specializovanymi iktovymi jednotkami. CT v rezimu 24/7 je k dispozici ve viech a 24/7 MR
v 11 centrech. Vstupni zobrazeni v okné do 6 hod: CT/CTA v 11, CT/CTA/CTP v 6, MR/MRA ve 2 centrech;
po 6 hod od vzniku pfiznakd: CT/CTA v 7, CT/CTA/CTP ve 14 aMR/MRA v 5 centrech. Casné ischemické
zmény jsou hodnoceny ve viech centrech a kolateralni cirkulace v 8 centrech. Intervencni specialista
v rezimu 24/7 je k disporzici ve viech centrech. Cas pifjezd-punkee tiisla < 60 min je sledovan ve
14 a prijezd-dosazeni reperfuze < 90 minv 10 centrech. Ve viech centrech je preferovéna analgosedace
pied celkovou anestezii. Do registru (SITS-TBY) vklédé data 14/15 center. V roce 2016 bylo provedeno
1053 MT (rozptyl: 17-136/centrum). V roce 2016 bylo v Ceské republice trénovano 49 Iékait a celkem
64 1ékafil provadélo MT. Zdvér: Vysledek sebehodnoticiho dotazniku ukazuje, Ze Ceska republika
obecné disponuje dobrou dostupnosti a odbornou trovni v poskytovani MT u akutniho mozkového
infarktu. Nicméné mezi centry existuje vysokd variabilita. Dalsim krokem je kontinudini evaluace kvality
provadénych MT, a to na trovni Gidajt od jednotlivych pacientl.

Abstract

Introduction: Mechanical thrombectomy (MT) has been established as a standard of care in acute
ischaemic stroke. We systematically evaluated all stroke centres conducting MT in the Czech
Republic. Methods: An online questionnaire based on the International Multi-Society Consensus
Document was distributed to all such centres to monitor all the procedures in 2016. It includes
64 questions on imaging, logistic and training standards related to MT. Results: Complete data
were obtained from all 15 comprehensive stroke centres. Local operating procedures are used
in 14 centres. Specialised stroke units are available in all centres, 24/7 CT is available in all centres
and 24/7 MRIin 11 centres. Admission imaging in a time window < 6 hours includes: CT/CTA in 11,
CT/CTA/CTP in 6, MRI/MRA in 2 centres; after 6 hours from the symptoms: CT/CTA is performed in
7, CT/CTA/CTP in 14, MRI/MRA in 5 centres. Early ischaemic changes are evaluated before neuro-
intervention in all centres and collaterals are scored in 8 centres. Interventionalists are available
24/7 in all centres. Door-to-groin time < 60 min is monitored in 14 and door-to-reperfusion
<90 minin 10 centres. Analgosedation is preferred over general anaesthesia in all centres. Fourteen
centres enter data into a registry (SITS-TBY). Approximately 1,053 MTs (range: 17-136/centre) were
performed in 2016. There are 46 neuro-interventional trainees and 64 interventionalists providing
MT in 2016. Conclusion: The Czech Republic has a high availability of expertise to perform MT in
acute ischaemic stroke. Nevertheless, there is a high variability among the centers. Thus, the next
step should be regular quality monitoring and evaluation of patients’ data.
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Uvod

Randomizované multicentrické studie (MR
CLEAN, ESCAPE, SWIFT PRIME, REVASCAT
a EXTEND IA) a metaanalyza vyse uvede-
nych studii (HERMES) jednoznacné proka-
zaly, ze mechanicka trombektomie (MT)
predstavuje vysoce Gcinnou a bezpe¢nou
lé¢bu akutniho mozkového infarktu pfi akut-
nim uzavéru velké mozkové tepny v predni
mozkové cirkulaci (intrakranialni segment
arteria carotis interna (ACl) a/nebo proxi-
maélni segment arteria cerebri media (ACM);
Trida 1, droven evidence A) [1-6). MT pred-
stavuje jeden z nejucinnéjsich terapeutic-

kych postupl v mediciné (abychom jed-

noho pacienta kompletné vylécili, staci

lé¢it 2-3 pacienty; dle metaanalyzy HER-

MES ze 100 pacientl lé¢enych MT 38 do-

sahlo lepsiho vysledného klinického stavu

ve srovnani se intravendzni trombolyzou

(IVT) a dalsich 20 doséhlo funkéni nezavislo-

sti hodnocené pomoci modifikované Ranki-

novy $kaly (mRS): 0-2) [6]. Finan¢ni analyzy
nékladl a prinost ukazuji, Ze ucinna tera-
pie MT vede rovnéz k ekonomické uspore

u efektivné |é¢enych pacient [7,8).

Proto je nezbytné, aby zfizovatelé zdravot-
nické péce, odborné Iékaiské spolecnosti,
nemocnice a lékafi v Ceské republice:

1. zajistili odpovidajici dostupnost této me-
tody viem potencidlnim kandidatim MT;
2.byly provedeny nezbytné organiza¢ni
zmény, které umozni tuto Gcinnou lé¢bu

efektivné aplikovat;

3. MT byly provadény s cilem dosazeni ta-
kovych ¢asovych parametr(i a parame-
tr kvality, aby efektivita byla na srovna-
telné drovni s vyse uvedenymi klinickymi
studiemi.

Proto je nutné definovat organizacni
a logistické kroky na regionalni a narodni
urovni, definovat narodni a mezinarodni
standardy vzdélavani a formalniho tréninku
lékarli/specialistd a dusledné monitoro-
vat kvalitu provéadénych vykonl. Detailni
mezindrodni doporuceni jsou k dispozici
v recentné publikovaném konsenzu me-
zindrodnich odbornych spole¢nosti: Trai-
ning Guidelines for Endovascular Ischemic
Stroke [9]. Kontrola kvality neurointervenc-
nichvykonGjedefinovdnamezinrodnimido-
porucenymi postupy (guidelines) European
Stroke Organization (ESO) a American Heart
Association/American Stroke Association
(AHA/ASA) a narodnimi doporu¢enymi po-
stupy v Ceské republice [10,11].

Cilem naseho dotaznikového Setfeni pod-
pofeného odbornymi spole¢nostmi (Ce-
rebrovaskularni sekce Ceské neurologické
spole¢nosti (CVS CNS) a Ceské spolecnosti
interven¢ni radiologie (CSIR)) je poskytnout
zékladni informace o zplsobu MT u akut-
niho mozkového infarktu v Ceské republice
(pozn. autord — posledni zhodnoceni komi-
semi jmenovanymi ministerstvem zdravot-
nictvi probéhlo v roce 2010).

Material a metodika

Do véech 15 center provéadgjicich MT v Ceské
republice byl v prosinci roku 2016 roze-
slan online dotaznik (tzv. Centra vysoce spe-

cializované cerebrovaskuldrni péce — 13 center
a Centra vysoce specializované péce o pacienty
s iktem - 2 centra), jehoz cilem bylo monito-
rovat vykony provedené v kalendéfnim roce
2016 [12,13]. Soubor otazek byl vytvoren na
zékladé spoluprace a oborové diskuze CVS
CNS aCSIR.

Centra byla instruovana, aby byl dotaz-
nik vyplnén formou konsenzu lékafti zapoje-
nych do diagnostiky a lé¢by akutniho moz-
kového infarktu (blize specifikovano nebylo).
V pripadé nekompletnich Gdaju ve vyplné-
ném dotazniku byli vedouci zastupci jed-
notlivych center kontaktovani emailem (ro-
zeslan CVS CNS) s cilenym dotazem na
chybéjici nebo netipina data.

Dotaznik obsahoval celkem 64 ota-
zek: otazky s moznosti vybéru 1 odpovédi,
s moznosti vybéru vice odpovédi, nékteré
otazky umoznovaly navic i textovou od-
povéd. Otazky byly zaméfeny na logistiku
péce v rdmci centra, indikacni kritéria k MT,
protokoly zobrazovacich metod pouzivané
v ramci indikace pacienta k neurointerven-
¢nimu vykonu v rlznych ¢asovych interva-
lech od vzniku pfiznakd iktu, na monitoraci
Casovych parametrt vykonu. Posledni sekce
dotazniku byla vénovéna tréninku lékarl
provéadéjicich MT.

Statisticka analyza

Byla provedena deskriptivni analyza jednot-
livych parametr pomoci statistického soft-
waru SPSS 24 (IBM, USA).

Vysledky

Kompletni dotaznikové data byla ziskdna ze
viech 15 center (tab. 1). V roce 2016 bylo dle
dostupnych dat v Ceské republice provedeno
1 053 MT u akutniho mozkového infarktu
(rozptyl 17-136 vykon(/centrum) (obr. 1).

Logistika péce
Ve 14 centrech jsou vypracovény lokdlni
standardy, tzv. standard operating procedu-
res (SOP). Specializovanymi iktovymi jednot-
kami disponuji vSechna centra. Vypocetni
tomografie (CT) v rezimu 24/7 je k dispozici
ve viech centrech, v 11 centrech je v rezimu
24/7 dostupna i magnetickd rezonance (MR),
a to véetné akutnich radiologickych popis.
Vstupni zobrazeni v ¢asovém okné do
6 hod: v 11 centrech je provddéno CT/CT an-
giografie (CTA), v 6 centrech CT/CTA/CT per-
fuze (CTP) - u vybranych pacient( a ve 2 cen-
trech MR/MR angiografie (MRA). Po 6 hod od
vzniku pfiznakd je ve 14 centrech provadéno
CT/CTA/CTP, v 7 centrech pouze CT/CTA
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Tab. 1. Zakladni charakteristiky center provadéjicich MT v Ceské republice v roce 2016.
Pocet center provddgjicich MT v CRv roce 2016, n 15
Existence lokéInich standard( pro MT, n (%) 1493
24/7 dostupnost CT a radiologa, n (%) 15 (100)
24/7 dostupnost MR a radiologa, n (%) 1(73)
Standard zobrazeni u suspekce na uzdvér velké mozkové tepny v casovém okné < 6 hod:
- CT/CTA 1n(73)
- CT/CTA/CTP 6 (40)
- MR/MRA 1(7)
Standard zobrazeni u suspekce na uzavér velké mozkové tepny v asovém okné > 6 hod anebo u nejasné doby vzniku:
- CT/CTA 7(47)
- CT/CTA/CTP 8(53)
- MR/MRA 1(7)
Hodnoceni ¢asnych ischemickych zmén pomoci CT-ASPECTS nebo MR-ASPECTS pred vykonem, n (%) 12 (80)
Hodnoceni morfologie leptomeningeélnich kolateral pred vykonem, n (%) 8(53)
24/7 dostupnost stroke neurologa, n (%) 14 (93)
24/7 dostupnost intervencniho radiologa, n (%) 15 (100)
24/7 dostupnost angio-linky, n (%) 15 (100)
24/7 dostupnost cévniho chirurga, n (%) 15 (100)
Sledovéni ¢asu piijezd-punkce tfisla (door-to-groin) < 60 min, n (%) 14 (93)
Sledovani ¢asu piijezd-reperfuze (door-to-reperfusion) < 90 min, n (%) 10 (67)
Hodnoceni dosaZené reperfuze radiologem (pouZivand skdre):
- skoére TICI 12 (80)
- skére mTICI s kategorii TICI 2¢ 3(20)
Monitorace celkového poctu zavedeni stent-retrieveru a poctu extrakci, n (%) 11(73)
Pouziti instrumentdria k o3etfeni mista vpichu (tzv. artery closure device), n (%) 13 (87)
Monitorace embolizace do nového teritoria na findlnim DSA néstfiku, n (%) 13(87)
Monitorace peri- a postproceduralnich komplikaci, n (%) 15 (100)
Preference analgosedace pred celkovou anestezii, n (%) 13(87)
Export DSA snimk( do PACS (pred vykonem, béhem vykonu, findini) 15 (100)
Vklddani dat o MT do registru SITS-TBY, n (%) 14 (93)
Trénink v neurointervencich:
- celkovy pocet lékaf(l trénovanych v MT v Ceské republice v roce 2016, n (rozptyl/centrum) 49 (1-5)
- probihajici trénink jinych specializaci nez radiologie * (kardiologie/angiologie) 8
- celkovy pocet intervenénich Iékaf(i provadéjicich MT v Ceské republice v roce 2016, n (rozptyl/centrum) 64 (2-6)
MT - mechanické trombektomie, CT - pocitatovéd tomografie, MR — magnetickd rezonance, CTA - CT angiografie, CTP - CT perfize, MRA - MR
angiografie, ASPECTS - Alberta Stroke Program Early CT Score, TICI - Thrombolysis in Cerebral Infarction, mTICI - modified Thrombolysis in Ce-
rebral Infarction, DSA - digitalni subtrakéni angiografie.

a v 5 centrech MRI/MRA (vybér zobrazova-
cich metod zavisi na indikujicim lékafi).

V rdmci zobrazovacich indikacnich krité-
rif vdechna centra uvedla, ze hodnoti rozsah
casnych ischemickych zmén (dominantné
pomoci skaly Alberta Stroke Program Early
CT Score (ASPECTS), v 8 centrech je v ramci

indikace pacienta k vykonu provddéno hod-
noceni kolaterdlni cirkulace. Ve viech cent-
rech je dobré dostupnost (v dotazniku de-
finovana jako dostupnost v rezimu 24/7 v¢.
moznosti telefonickych konzultaci) neu-
rologa specializujiciho se na diagnostiku
a lécbu akutnich mozkovych infarktd, inter-

ven¢niho radiologa, angio-linky a cévniho
chirurga (tab. 1).

Monitorace kvality

neurointervenénich vykonu

V rémci Casovych parametr(i neurointer-
vencnich vykon( jsou monitorovény a re-
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Obr. 1. Po¢et mechanickych trombektomii v Ceské republice v roce 2016.
UVN - Ustiedni vojenska nemocnice, VFN - Vieobecna fakultni nemocnice, FNUSA — Fakultni nemocnice u sv. Anny.
Fig. 1. Number of mechanical thrombectomy interventions in the Czech Republic in 2016.
UVN - Military University Hospital Prague, VFN — General University Hospital in Prague, FNUSA — St. Anne’s University Hospital Brno.

portovany nasledujici doporu¢ené parame-
try: ¢as pfijezd-punkce tfisla (door-to-groin
time) < 60 min ve 14 centrech a ¢as pfijezd—
—dosazeni reperfuze (door-to-reperfusion
time) < 90 min v 10 centrech [14]. K datu
publikovani tohoto ¢ldnku viak nebyly k dis-
pozici pfesné ¢asové Udaje.

Z technickych parametrii vykonu

Ve viech centrech je preferovana analgo-
sedace pfed celkovou anestezii. Jedenéct
z 15 center uvedlo, Ze je sledovén celkovy
pocet zavedeni stent-retrieveru a celkovy
pocet extrakci instrumentaria (doporuc¢eno
max. 6X). Vsechna centra uvedla, Ze je sle-
dovén stupen dosazené reperfuze (domi-
nantné pomoci skére Thrombolysis in Ce-
rebral Infarction (TICI), kdy za Uspésnou
reperflzi jsou povazovana skére 2b a 3,
tj. > 50 % teritoria, resp. kompletni reperfuze
v pripadé TICI 3). Ve viech centrech jsou mo-
nitorovany peri- a postproceduralni kompli-
kace av 13 centrech je monitorovdna embo-
lizace do nového teritoria (dle doporuceni
by uvedené komplikace nemély preséhnout
15 %). V 13 centrech je standardné pouzi-

vano instrumentdrium k osetfeni mista vpi-
chu do femordini arterie po ukonceni inter-
vencniho vykonu (tzv. artery closure device).
Po ukonceni vykonu jsou ve viech centrech
exportovany DSA snimky do PACS (Picture
Archiving and Communication System). Ctr-
nact center uvedlo, ze zadavé data o MT do
mezindrodniho registru trombektomova-
nych pacient (SITS-TBY).

Trénink specialistd

V roce 2016 bylo v Ceské republice tré-
novédno v neurointervencich 49 lékard
a celkem 64 lékarl provadélo MT. Pfi-
tom dominujici specializaci lékafl byla
radiologie (pouze tfi lékafi byli jiné
specializace - kardiologie/angiologie).

Diskuze

Dotaznikové 3etieni bylo vytvoreno s cilem
provést prvni systematické zhodnoceni pro-
vadéni MT v iktovych centrech v Ceské re-
publice po publikovani pozitivnich vysledkd
randomizovanych studii. Ackoliv data zis-
kand analyzou dotazniku jsou zatizena mno-
hymi limitacemi (napf. nelze kontrolovat sku-

te¢nou validitu odpovédi anebo zachytit
veskerou variabilitu logistiky a monitorace
kvality v rémci jednotlivych center), byla zis-
kdna dulezita data o viech centrech prova-
dgjicich MT v Ceské republice za rok 2016.
Centra v Ceské republice dokumentuji
nardstajici trend v poctu provedenych MT:
510 vykont v roce 2013 vs. 1 053 vykon(
v roce 2016. Pri incidenci 211 ischemickych
ikt na 100 000 obyvatel je v Ceské republice
témer 5 % pacientl lé¢eno MT [15]. Prestoze
zatim neexistuji popula¢ni data o vyuziti MT
v klinické praxi v jinych zemich, extrapolaci
Gdajl o celkovém poctu, resp. procentu po-
danych IVT; Ize 5 % povaZovat za velmi dobry
vysledek v celosvétovém méfitku [16-19].
Davody relativné uspésného zavedeni MT
do bézné klinické praxe jsou nasleduijici:
1. Ceska republika méla a mé& organiza¢né
dobfe propracovany systém pro IVT
a pocet IVT v Ceské republice (vztaZeny
na pocet obyvatel) je jeden z nejvyssich
na svété, dosahuijici > 15 % ze viech ische-
mickych ikt (Gdaje z registru SITS).
2. Relativné vysoky pocet interven¢nich ra-
diologl umoziiuje zajistit nepfetrzity
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provoz v rezimu 24/7, coz dokumentuji
vysledky dotazniku, a rovnéz se jednd
o jednu z podminek pro zafazeni do sité
center vysoce specializované péce.

Nicméné je nutné si uvédomit, Ze k cel-
kové pozitivnimu vysledku (vysoky pocet
MT v roce 2016) nepfispéla viechna centra
rovnomérné. Pocty MT v centrech podobné
velikosti a se srovnatelnou spadovou oblasti
byly rozdilné (17-136/centrum a rok). Do bu-
doucna je nezbytné lépe pochopit, pro¢ do-
chézi k témto rozdiliim, a nasledné zvazit, jak
tyto rozdily minimalizovat, a centra na za-
kladé zpétné vazby motivovat ke zvySovani
kvality poskytovanych vykont (zésadné zde
pomohou Udaje ziskané z registr( SITS-TBY
a REgistry of Stroke Care Quality (RES-Q).

V rdmci otdzek zamérenych na zobrazo-
vaci metody viechna centra v Ceské repub-
lice uvedla, Ze disponuji dobrym pfistrojo-
vym vybavenim, coz je dokumentovano
velmi dobrou dostupnosti CT pfistroji v re-
Zimu 24/7 (vSechna centra) a MR pifistrojl
(14/15 center). Z dostupnych odpoveédi vy-
plynulo, Ze doporu¢ené multimodalni zob-
razovaci protokoly jsou pouzivany casto.
Pfitom viechna centra uvedla, Ze hodnoti
¢asné ischemické zmény a v 8 centrech je
hodnocena kolaterdlni cirkulace na drovni
leptomeningedlnich kolateral. Z dotazniku
viak nelze validné zjistit, zda jsou tyto po-
stupy uplatiiovany u viech pacientl anebo
pouze u nékterych, jaka je forma dokumen-
tovani nalez(i (napf. jestli je ASPECTS a kola-
terdIni skére standardni a validni soucasti ra-
diologickych popisti apod.). Do budoucna
a v souladu s aktudInimi mezindrodnimi do-
porucenymi postupy ESO a AHA/ASA je ne-
zbytna standardizace:

1. ve vybéru vhodnych zobrazovacich mo-
dalit v riznych ¢asovych intervalech,

2.v definovani protokolt provadéni zobra-
zovénich metod,

3. radiologického popisu pro vsechna centra
zapojena do diagnostiky a lécby akutnich
mozkovych infarktd v Ceské republice.

V rémci indikace MT je nezbytné provést
nativni CT a CTA mozkovych tepen, a to od
aortalniho oblouku po vertex (tj. zhodnoceni
rozsahu ischemickych zmén, pfitomnosti
a lokalizace uzavéru a arteridlniho pristupu).
Funkéni zobrazeni mozkového parenchymu
pomoci CTP méze mit sv{j pfinos zejména
v nejednoznacnych pfipadech a hrani¢nich
indikacich MT, a to zvIasté u pacientld mimo
¢asové okno. Nicéné zatim chybi dostatek

validnich klinickych dat o pfinosu této mo-
dality v rozhodovacim procesu o indikaci MT
a rovnéz neexistuji standardizované a vali-
dované parametry definujici jadro ischemie
a penumbru [20,21].

V Ceské republice dnes chybi celona-
rodni standard (konsenzus odbornych spo-
le¢nosti) definujici zptsob popisu vstupnich
zobrazovacich metod u kandidatd MT. Z do-
tazniku nebylo mozné zjistit, jakym zpUso-
bem je hodnoceni ¢asnych ischemickych
zmén ¢i kolaterdIniho skére provédéno. Tedy
zda se jedna o soucast standardniho popisu
viech radiologti a zda je tento popis k dispo-
zici ihned po provedeni vstupniho zobrazeni
(idedlné, zda je vstupni zobrazeni hodno-
ceno radiologem a neurologem spole¢né,
kdy probiha diskuze o indikaci pacienta k en-
dovaskuldrnimu vykonu). Rovnéz dopo-
sud nejsou k dispozici Udaje, jakym zpuso-
bem jsou provédény a reportovany popisy
v ostatnich iktovych centrech - nejen u po-
tencidlnich kandidatt MT.

Do budoucna povazujeme za nezbytné:

.konsenzem CVS CNS a CSIR vypracovat

dokument definujici standardy neurozob-
razeni a radiologickych popist (napf. vy-
tvorenim jednotného celonarodniho for-
mulafe pro popis vstupniho zobrazeni
mozkového parenchymu a mozkovych
tepen);

2. zajistit pravidelny a systematicky trénink
v hodnoceni CT a MR ve vztahu k indika-
cim MT;

3. pacienty se suspekci na uzavér velké moz-
kové tepny sméfovat piimo do komplex-
niho cerebrovaskuldrniho centra.

Vysledny klinicky stav pacientd (neu-
rologicky deficit) po IVT a MT je zasadné
ovlivnén dvéma faktory: rychlosti zaha-
jeni U¢inné terapie (koncept time is brain)
a stupném dosazené rekanalizace, resp. re-
perfuze. Tyto Udaje by proto mély byt mo-
nitorovény, analyzovany a srovnavény na
narodni a mezindrodni drovni. Bez znalosti
téchto Udaju totiz nelze konstatovat, ze ik-
tova péce na Urovni centra ¢i zemé je dosta-
te¢né kvalitni. Z vysledkd provedeného do-
tazniku napf. vyplyva, ze ¢as piijezd-punkce
tfisla nebyl v roce 2016 monitorovan v jed-
nom z oslovenych center a Cas pfijezd-do-
sazeni reperfuze nebyl sledovén v 5 cent-
rech [9,14]. V realné klinické praxi a v rdmci
centra je velice obtizné, aby vsichni ¢lenové
iktového tymu méli znalosti o logistice viech
pacientd. Proto je nejjednodussim fesenim

zaddvat logistické, technické, casové a dalsi
parametry do registru. Na zékladé téchto
Gdajd CVS CNS poskytuje od poloviny roku
2016 kazdy mésic viem iktovym centrlim ne-
zbytné Udaje o poctu MT a zékladni logistice
vychézejici z registru SITS. Tak je systema-
ticky monitorovana kvalita péce, je umoz-
néno srovndani a jednotliva centra ziskavaji
potiebnou zpétnou vazbu. Validni data z re-
gistru mj. umoznuji i srovndni s jinymi ze-
mémi (podobné studie zamérené na pro-
vadéni MT probéhly na ndrodni Grovni ve
Francii a lokdIni drovni v ramci Kalifornie ve
Spojenych statech americkych) [22,23].
Kvalita provadénych vykont zélezi rovnéz
na objemu, tedy poctu pacientd za dané ob-
dobi [24]. Do budoucna je nezbytné v rdmci
zvy3ovéni erudice monitorovat pocet inter-
vencnich vykond (a také Gspésné provede-
nych vykont) na jednoho Iékare [25,26).

Shrnuti

Vysledky provedeného dotazniku ukazuji, ze
Ceska republika disponuje dobrou dostup-
nosti a odbornou drovni v ramci MT u akut-
niho mozkového infarktu. Vzhledem k me-
todologii ziskani informaci (sebehodnotici
dotaznik) je tyto vysledky nutné chapat s urci-
tou rezervou a s védomim uvedenych limitaci.
Dotaznik mj. pfinesl tidaje o variabilité v poctu
provedenych vykon( v jednotlivych centrech
za rok 2016. Zakladnimi néstroji pro dalsi zlep-
Sovani péce musi byt systematické vzdéla-
véni a implementace systému kontroly kvality,
které poskytnou zpétnou vazbu a budou mo-
tivovat lékare k dalsimu zlepovani iktové péce.

Podporeno projektem ¢. LQ1605 z Narodniho pro-
gramu udrzitelnosti Il (MSMT) a projektem FNUSA-ICRC
¢.CZ.1.05/1.1.00/02.0123 (OP VaVpl).
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Abstract

Background and Purpose Experienced multidisciplinary
stroke team and well-organized hospital management are
considered necessary to achieve good results after
mechanical thrombectomy (MT) in acute ischemic stroke
patients. We analyzed the technical results of MT per-
formed in the Czech Republic in the year 2016 to provide
relevant data for further quality improvement.
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Material and Methods All centers performing MT in the
CR were called for detailed technical and clinical data from
year 2016, which were anonymously analyzed and relevant
technical key time intervals were compared. Clinical out-
comes were assessed according to the HERMES meta-
analysis.

Results In the 2016, 1053 MTs were performed in the CR.
Of 15 dedicated centers, the data from 12 centers and from
886 (84%) patients (49.2% males, mean age
69.8 + 12.3 years) were analyzed. The overall median of
time from hospital arrival to groin puncture (GP) was
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77 min with a range from 40 to 109 min among individual
hospitals, from GP to first passage of stent retriever 20
(15-40) min and from GP to maximal reached recanal-
ization 42 (33-80) min. The median of recanalization time
was 240 (219-320) min. The recanalization (TICI 2b-3)
was achieved in 81.7% of patients, 44.1% of patients had a
good 3-month clinical outcome and 6.3% suffered from
symptomatic intracerebral hemorrhage. Peri-procedural
complications were recorded in 89 (10%) patients.
Conclusion Despite achieved good overall results, a great
variability in some of the analyzed key time intervals
among individual centers performing MT warrants further
quality improvement.

Keywords Acute ischemic stroke - Mechanical
thrombectomy - Technical results - Complications -
Time intervals

Introduction

Since the positive randomized trials were published [1-5],
mechanical thrombectomy (MT) became a standard treat-
ment option in acute ischemic stroke (AIS) patients with a
symptomatic occlusion of large cerebral artery in anterior
circulation (AC) within first 6 h after stroke onset [6, 7].
Recently published results of the randomized trials DAWN
(DWI or CTP Assessment with Clinical Mismatch in the
Triage of Wake-UP and Late Presenting Strokes Undergoing
Neurointervention with Trevo) and DEFUSE-3 (The
Endovascular Therapy Following Imaging Evaluation for
Ischemic Stroke) showed that time window for MT may be
extended beyond 6 h in patients carefully selected on the
basis of the brain imaging findings and clinical deficit [8, 9].

The HERMES (Highly Effective Reperfusion evaluated
in Multiple Endovascular Stroke Trials) meta-analysis
showed a substantial clinical efficacy of MT [10]; however,
an experienced multidisciplinary stroke team, a well-
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organized hospital management and good technical results
are considered necessary to achieve such good clinical
results. Thus, all centers performing MT worldwide have a
challenge to achieve similar good technical and clinical
results. The recently published Multisociety Consensus
Quality Improvement Revised Consensus Statement for
Endovascular Therapy of Acute Ischemic Stroke points out
selected key time intervals and process metrics for quality
improvement in endovascular therapy of AIS and recom-
mends dedicated centers to review and analyze transpar-
ently the multidisciplinary management of endovascular
treatment to identify parameters for further improvement
[11].

We aimed to report the detailed technical results of MT
performed in the Czech Republic (CR) in the year 2016 to
provide relevant data for further quality improvement in
this treatment process and establish a benchmark for future
comparisons and analysis.

Methods

In our country, a two-step stroke care network was estab-
lished and guaranteed by the Ministry of Health since 2011.
Thirty primary stroke centers (SC) that represent the first
step of the network provide essential stroke care including
intravenous thrombolysis (IVT) and refer patients for MT.
Fifteen secondary comprehensive stroke centers (CSC), as
a second step, provide advanced and comprehensive stroke
care including both endovascular and surgical treatment of
ischemic and hemorrhagic stroke in “24/7” regimen [12].
Patients with stroke symptoms are transported by ambu-
lance service to the nearest center; if it is primary SC,
patients are referred to the nearest CSC immediately after a
brain imaging and initiation of IVT [13].

In all centers performing MT, intervention is done by
certified interventional radiologists in established multi-
disciplinary teams, which contain also stroke neurologists,
emergency staff and anesthesiologists [13]. Interventional
radiologists are certified after a two-year standardized fel-
lowship terminated with an oral examination. The fellow-
ship and certification are guaranteed by the Ministry of
Health in cooperation with the Czech Society of Inter-
ventional Radiology.

During October 2017, all centers performing MT were
called for detailed technical parameters and selected clin-
ical data from patients treated with MT in 2016. The
obtained data were collected and analyzed anonymously.

Admission clinical status was evaluated using the
National Institutes of Health Stroke Scale (NIHSS) by a
neurologist. All patients underwent computed tomography
(CT) including CT angiography or magnetic resonance
imaging (MRI) including MRI angiography of brain [13].
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Even though the recommended pretreatment ASPECT
(Alberta Stroke Program Early CT) score was > 6 on CT
or > 5 on MRI-DWI, in a patient with a score lower than 6
resp. 5, MT was not contraindicated [13]. No recommen-
dation based on CT or MRI perfusion imaging was estab-
lished for patient selection within the standard 6-h
therapeutic time window.

Eligible patients were treated with IVT. Mechanical
thrombectomy was performed using stent retrievers
mostly. Intervention was usually initiated with a stent
retriever, and if needed, a thrombus aspiration was added
using a dedicated aspiration catheter. In a minority of
patients, distal aspiration alone or a combination of
aspiration and stent retriever was performed as the first
step according to a radiologist’s decision. Achieved
recanalization status was assessed according to the
Thrombolysis in Cerebral Infarction Scale (TICI) on the
final angiogram [14].

In all patients, the occurrence of intracerebral hemor-
rhage (ICH) was assessed on the control CT or MRI after
24 h. Symptomatic ICH (SICH) was defined as a local
remote parenchymal hematoma (type 2) or subarachnoid
hemorrhage associated with at least four-point increase in
the NIHSS score or leading to death [15].

Neurological deficit was evaluated using the NIHSS
after 24 h and clinical outcome after 3 months using the
modified Rankin scale (mRS). A score of 0-2 points was
considered a good outcome.

All complications (including technical) associated with
MT were recorded and collected from all affected patients.
The following complications were analyzed: arterial dis-
section, arterial dissection with occlusion, arterial perfo-
ration, distal embolization and groin complication, which
was defined as any severe hemodynamically relevant
bleeding requiring either surgical or endovascular
treatment.

The collected data were compared among individual
analyzed centers, and selected overall results were com-
pared with those available from the HERMES meta-anal-
ysis or from the individual positive randomized trials.

Statistical Analysis

SPSS software (version 22.0; SPSS, Chicago, Illinois) was
used for statistical analysis. Fisher’s exact test, Chi-square
test and Mann—Whitney U test were used for comparison of
selected groups. Data normality was tested using Shapiro—
Wilk test. Student t-test with Bonferroni correction was
used for comparisons of key time intervals among indi-
vidual centers. All tests used an o-level of 0.05 for
significance.

Results

In the year 2016, 1053 MTs were performed for AIS in our
country. Of the 15 centers performing MT, the complete
data from 12 centers and from 886 (84.1%) patients (49.2%
males, mean age 69.8 £ 12.3 years) were provided for the
analysis. One center did not provide the patients’ data and
two other centers were excluded for a substantial data
incompleteness. The baseline and clinical characteristics of
analyzed patients are shown in Table 1. Six hundred eight
(71.0%) patients were treated with IVT prior to MT, and
277 (31.3%) patients were transported secondarily for MT
from SC to the dedicated CSC. Six hundred three (68.1%)
patients were treated for an occlusion of MCA, 86 (9.7%)
for basilar artery occlusion (BAO), 131 (14.8%) for “T”
occlusion of the intracranial part of ICA and 69 (7.8%) for
a tandem occlusion (TO) (Table 1).

Overall and cumulative values of all key time intervals
and clinical outcomes from all analyzed patients are shown
in Table 2. The median time intervals from stroke onset to
groin puncture (GP) (185 vs. 210 min, p = 0.001) and to
the first passage of stent retriever (217 vs. 244, p = 0.001)
were significantly longer in patients with BAO compared
to those with occlusion in AC (ACO) (Supplementary
online Table ). Similarly, the median time interval from
GP to a maximal achieved recanalization was longer in
patients with BAO (40 vs. 50 min, p = 0.022) (Supple-
mentary online Table 1). Patients with TO in AC had a
significantly longer interval from GP to the first passage of
stent retriever (20 vs. 31 min, p < 0.0001) and from GP to
maximal achieved recanalization than patients with a single
occlusion (40 vs. 52 min, p = 0.0001) (Supplementary
online Table 2).

Patients who were transported secondarily from CS to
CSC for MT were more frequently treated with prior IVT
(772% vs. 68.7%, p = 0.013), had significantly shorter
time interval from hospital arrival to GP [door-to-groin
time (DGT)] (44 vs. 82 min, p < 0.0001) and interval from
hospital arrival to maximal achieved recanalization (100
vs. 126 min, p < 0.0001) (Supplementary online Table 3).

Recanalization (TICI 2b-3) was achieved in 723 (81.7%)
patients and complete (TICI 3) in 58.6% of our patients
(Table 2). Two hundred twenty (24.9%) patients were
treated under general anesthesia (GA).

A good 90-day clinical outcome (mRS 0-2) was
achieved in 364 (44.1%) patients (Table 2), and no dif-
ference was found between the patients with ACO and
BAO, between single occlusion (SO) and TO and between
the patients primarily transported to CSC and those refer-
red secondarily from SC to CSC (Supplementary online
Table 3). Two hundred thirteen (24.0%) patients died
within 3 months (Table 2). The 3-month mortality differed
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Table 1 Baseline demographic
and clinical characteristics of

Parameter

Value

analyzed patients N, males (%)
Age (mean % SD, years)
Admission NIHSS (median, range)
Arterial hypertension
Atrial fibrillation
Diabetes mellitus
Ischemic heart disease
Hyperlipidemia
Smoking
Prior ischemic stroke (n, %)
Stroke in anterior circulation (n, %)
MCA occlusion (M1 + M2 segment) (n, %)
MCA occlusion; M1 segment (n, %)
ICA “T” occlusion (n, %)
Tandem occlusion (ICA + MCA) (n, %)
BA occlusion (n, %)
Other occlusion (ACA, PCA, VA)
IV thrombolysis (1, %)
Secondary transport for MT from SC to CSC (n, %)

886, 436 (49.2%)
69.8 + 12.3
16 (1-37)
674 (76.1%)
352 (39.8%)
239 (27.0%)
361 (41.0%)
387 (43.7%)
182 (24.7%)
126 (16.4%)
747 (84.0%)
547 (61.7%)
484 (54.8%)
131 (14.8%)
69 (7.8%)
86 (9.7%)
45 (5.1%)
628 (71.0%)
277 31.3%)

ACA anterior cerebral artery, BA basilar artery, CSC comprehensive stroke center, /CA internal carotid
artery, IV intravenous, MCA middle cerebral artery, MT mechanical thrombectomy, NIHSS National
Institute of Health Stroke Scale, PCA posterior cerebral artery, SC stroke center, SD standard deviation, VA

vertebral artery

Table 2 Overall technical and clinical results

Parameter

Value

Interval: “stroke onset—arrival to hospital performing MT” (median, range, mean £ SD, min)
Interval “hospital arrival—GP”* (median, range, mean & SD, min)

Interval “arrival to catheterization room—GP” (median, range, mean £ SD, min)

Interval “stroke onset—GP” (median, range, mean £ SD, min)

Interval “stroke onset—first passage of stent retriever” (median, range, mean £ SD, min)
Interval “GP—first passage of stent retriever” (median, range, mean + SD, min)

Interval “stroke onset—maximal achieved recanalization” (median, range, mean £ SD, min)
Interval “hospital arrival—maximal achieved recanalization” (median, range, mean £ SD, min)
Interval “GP—maximal achieved recanalization” (median, range, mean + SD, min)

Achieved recanalization (TICI 2b, 3) (n, %)

General anesthesia (n, %)

Symptomatic intracerebral hemorrhage (n, %)

3-month mRS score 0-2 (n, %)

3-month mortality (n, %)

100 (0-1110) 139 £ 130
77 (5-1975) 88 + 89

15 (1-80) 15+ 9

192 (56-1975) 227 + 147
220 (70-1896) 255 £ 149
20 (4-138) 25 + 17

240 (79-1991) 281 £ 167
122 (25-1991) 135 £ 99
42 (9-195) 48 £ 27

723 (81.7%)

220 (24.9%)

56 (6.3%)

364 (44.1%)

213 (24.0%)

GP groin puncture, MT mechanical thrombectomy, mRS modified Rankin scale, SD standard deviation, TICI thrombolysis in cerebral ischemia

scale

significantly between BAO and the patients with ACO only SICH occurred in 56 (6.3%) patients (Table 2), and no

(453% vs. 23%, p <0.0001) (Supplementary online  difference was found between patient subgroups in the rate

Table 1). of SICH (Supplementary online Tables 1-3). One hundred
three peri-procedural complications were recorded in 89
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(10.0%) patients, and peripheral embolism was the most
frequent complication (42, 4.7%). The rates of individual
recorded complications did not differ between patients with
BAO and ACO, with SO and TO and between patients
treated primary in CSC and patients referred secondarily
from SC to CSC (Supplementary online Table 4).

Comparisons of analyzed key time intervals among
individual centers and with overall “national” medians are
shown in Table 3 and in Supplementary online Fig-
ures 1-4. The comparison of 3-month clinical outcome
among individual centers is shown in Table 4 and Sup-
plementary online Figure 5. In four hospitals, the median
of DGT exceeded significantly the overall median of
77 min (Table 3, Supplementary online Figure 1). The
median time interval from GP to the first passage of stent
retriever was significantly longer in two centers and sig-
nificantly shorter in three centers (Table 3, Supplementary
online Figure 2). In six hospitals, the median from GP to
maximal reached recanalization significantly exceeded the
overall median of 42 min (Table 3, Supplementary online
Figure 3). The median interval from stroke onset to
recanalization was significantly longer than the overall
median of 240 min in three centers (Table 3, Supplemen-
tary online Figure 4). The proportion of patients with good
3-month clinical outcome was significantly lower in two
centers and higher in one center in comparison with overall
rate (Table 4, Supplementary online Figure 5).

Discussion

We present nationwide data containing detailed technical
results of MT for AIS from the year 2016. Following
recently published nationwide clinical report [16], we
focused on time and quality parameters associated with the
technical aspects of performed MT to establish a bench-
mark for future comparisons and analysis and to provide
data for further quality improvement. The presented anal-
ysis involved a vast majority of treated patients in the year
2016 in CR and documented sufficiently a real clinical
practice in our country.

In comparison with results reported from the HERMES
analysis [10], the recanalization rate was higher in our ACO
patients (81.2% vs. 71.0%, p < 0.001, OR 1.752, 95% CI
1.351-2.272), the number of patients with mRS 0-2 was
similar (45.1% vs. 46%, p = 0.747) and the rate of SICH did
not exceed the rate from HERMES analysis (6.8% vs. 4.4%,
p = 0.055). Significantly higher 3-month mortality in our
cohort (23.0% vs. 15.3%, p = 0.0004) might be related to
non-selected treated population and to a higher presence of
diabetes and hypertension in our patients (Table 1).

The overall achieved recanalization (81.7%) in the
presented study was comparable with the rate (81.4%) from

nationwide 1-year study published from Austria [17]. As
similarly reported in the Austrian study, we did not find
significant difference in the recanalization rate between
ACO and BAO patients and patients with SO and TO
(Supplementary online Tables 1, 2).

We emphasize, in accordance with the recent multidis-
ciplinary consensus, the importance of critical review and
transparent analysis of key time intervals and process
metrics in each of the centers performing MT [11]. Our
results showed a great variability among individual hos-
pitals in some of the analyzed time intervals and significant
differences in comparison with “national” overall medians
of key time intervals (Table 3, Supplementary online Fig-
ures 1-4). We consider several possible reasons for the
found variability among centers: (a) different techniques
used for MT among centers; new approaches with aspira-
tion catheters such as ADAPT technique or more complex
SOLUMBRA or SAVE systems [18-20] were started to be
used in some centers, (b) a different personal experience of
interventional radiologists with a different treatment strat-
egy and decisions based on a personal experience in indi-
vidual centers, (c) a different local management and
logistics with absence of emergency room or centralized
imaging and intervention facilities in some centers. Some
differences among centers might also be affected by a
higher number of secondary transports for MT or unfa-
vorable geographical location of individual centers.

The results of our study will be analyzed and discussed
among members of the Executive Committees of the Czech
Stroke Society and the Czech Society of Interventional
Radiology. Our aim was to establish national benchmarks for
individual key time intervals with an impact on centers
exceeding significantly the “national medians” to improve
their management and logistics of MT. Further prospective
study is planned next year to compare key time intervals
between both years and to assess trends in individual centers.
Based on a result of this comparison and a joint decision of
both societies, the Multidisciplinary Working Committee of
Ministry of Health of CR may discontinue the running of
individual center until a rectification as a last resort.

Due to limited provided times and technical parameters
from the HERMES analysis, we were not able to compare
the key time intervals. Although the interval from stroke
onset to maximal recanalization seemed to be shorter in our
patients (median 238 vs. 281 min), the direct comparison
was not possible, because of missing mean value with
standard deviation from the HERMES meta-analysis.
Moreover, we consider a randomization process in trials as
a factor for an obligatory delay that limits a fair compar-
ison with non-randomized studies.

As expected, our patients with TO in AC had signifi-
cantly longer time interval from GP to the first passage of
stent retriever and the time interval from GP to maximal
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Table 4 Comparison of Center N mRS 0-2 (n, %)  Median of mRS P OR 95% CI

numbers of performed MT and

3-month clinical outcomes 1 42 (4.7%) 13 (31%) 3 0.191 0643  0.330-1.253

among;individual centers 2 71 (8.0%) 23 (35.4%) 3 0.151  0.687  0.411-1.150
3 128 (4.4%) 56 (43.8%) 3 0567  LI1I5  0.767-1.621
4 74 (8.4%) 38 (51.4%) 2 0058 1514  0.941-2.434
5 87 (9.8%) 43 (49.4%) 3 0.132 1401 0.902-2.178
6 52 (5.9%) 20 (39.2%) 3 0709 0896  0.505-1.592
7 114 (129%) 49 (43.4%) 3 0.698  1.081  0.729-1.603
8 46 (5.2%) 21 (45.7%) 3 0539 1205  0.664-2.185
9 114 (129%) 61 (53.5%) 2 0012 1651  1.116-2.442
10 49 (5.5%) 16 (55.2%) 2 0242 0695  0.377-1.282
11 78 (8.8%) 19 (37.3%) 4 0.004 0462  0.271-0.788
12 31 (3.5%) 5 (19.2%) 5 0.005 0276 0.105-0.725
CR 886 (100%) 364 (44.1%) 3

Statistically significant values are given in bold (P < 0.05)

achieved recanalization (Supplementary online Table 2).
These patients were also more frequently secondarily
transported from CS to CSC for MT, were more frequently
treated with IVT and were more frequently smokers
(Supplementary online Table 2). Frequent smoking may be
related to the presence of atherosclerosis, which led to
extracranial ICA occlusion.

Patients with BAO had a significantly longer time interval
from GP to maximal achieved recanalization (Supplemen-
tary online Table 1). We suggest this might be associated
with a different type of thrombus and character of occlusion
compared to ischemic stroke in AC. Significantly lower
occurrence of atrial fibrillation in BAO patients may support
our hypothesis (Supplementary online Table 1). Moreover,a
different vascular approach and morphology in case of BAO
might also play some role. Despite a significantly higher
number of BAO patients treated in GA, no significant delay
was observed in DGT compared to patients with ACO
(Supplementary online Table 1).

Patients who were transported secondarily for MT from
SC to CSC had significantly longer time interval from stroke
onset to maximal achieved recanalization despite signifi-
cantly shorter DGT in the CSC, time interval from GP to the
first passage of stent retriever and to maximal achieved
recanalization (Supplementary online Table 3). This finding
may support the opinion that all AIS patients with a moderate
or severe deficit should be transported directly to the centers
performing MT despite a longer distance.

Interestingly, the rate of peri-procedural complications
did not differ between the subgroup of patients with single
occlusion in AC, BAO and tandem occlusion (Supplemen-
tary online Table 4), despite a prior stenting of the occluded
ICA and longer time intervals from GP to the first passage of
stent retriever and to maximal recanalization in the patients
with TO. The total rate of complications was not provided in

the HERMES meta-analysis; nevertheless, the rate of distal
embolism (5.2%), arterial perforation (2.1%), arterial dis-
section (3.3%) and groin hematoma (0.8%) did not exceed
the rates reported from the REVASCAT, MR CLEAN and
SWIFT-PRIME trials [1, 3, 4].

General anesthesia (GA) was used in 24.9% of our
patients, which was less frequent than reported in the MR
CLEAN (37.8%) and SWIFT-PRIME (37%) trials [1, 3].
The rate of the patients on GA in our cohort may decrease
to 14.3% when excluding 39 patients on GA with BAO.

A well-organized multidisciplinary team is considered
essential to achieve good technical and clinical results after
endovascular treatment of AIS. We suggest, in agreement
with others, that certified interventional radiologists should
perform MT preferably and be responsible for all technical
aspects of this endovascular procedure [13, 21]. In CR
since this year, newly applied interventional radiologists
should be trained under a supervision of an experienced
interventional radiologist also for MT and have been
obligated to document a certain number of performed MT.
Besides this universal certification for interventional radi-
ology, no additional certification for interventional neuro-
radiology exists in our country.

Our study has several limitations. Firstly, the study
design was retrospective. Secondly, the presented analysis
did not include all treated patients due to the data incom-
pleteness from two CSC and missing data from one of the
centers. Thirdly, we did not collect data about “door-to-
imaging” and “imaging-groin puncture” intervals, because
we aimed to focus on the technical metrics of MT which
are solely the responsibility of the interventional radiolo-
gist. Nevertheless, we respect the importance of these
intervals for the improvement of patient logistics before
MT. Thus, these parameters will be involved in further
planned prospective study next year.
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Only limited data comparison with the HERMES meta-
analysis was performed due to a small number of provided
technical parameters and time intervals. Moreover, our
patients” cohort involved besides the patients with single
occlusion in AC and also patients with tandem occlusion,
which limits the comparison with HERMES patients.

We emphasize the importance of analysis of key time
intervals related to technical aspects of MT and identifi-
cation of possible time loss during the acute management
of MT. The assessment of mean time intervals based on
nationwide analysis allows to compare the results among
the individual centers and may help to improve the man-
agement and logistics of MT. Moreover, the centers with
superior results may challenge or inspire the others to
shorten key time intervals. However, recently released and
launched “physiology is brain” illustrates a new paradigm
in acute stroke treatment with an increasing importance of
collaterals, good ASPECT score and perfusion imaging; we
still believe in old-known “time is brain” paradigm and
consider extremely important time intervals in the man-
agement of MT to reach a clinical success and patient early
recovery after AIS. Thus, all centers should continue in a
strong effort to shorten the key time intervals in the man-
agement of MT.
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