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Abstract:

Objective Advanced Neuroimaging has been proving to be pivotal in acute ischemic stroke management. CT
Perfusion (CTP) core and penumbra parameters have not yet been investigated to predictithe outcomesin Wake-up
Stroke (WUS) patients in everyday clinical scenario. The aim of our study is to investigate‘the predictive power of
CTP-parameters on functional and morphological outcomes in rTPA treated WUS patients, Approach We analyzed
clinical data and processed CTP images of 80 consecutive WUS rTPA treated patients. The prediCtive power of whole-
brain CTP features and of the clinical stroke related parameters to predict NIHSS at_7th-day and Ischemic Lesion
Volume outcome was investigated by means of multivariate regression analysis as well as LASSO modeling. Main
results Multivariate analysis showed that CTP core volume (B: 0.403, p=.0.000), NIHSS at admission (B: 0.323, p=
0.005) and ASPECTS (B: -0.224, p= 0.012) predict NIHSS at 7-days, while total hypoperfused volume (B: 0.542, p=
0.000) and core volume on CTP (B: 0.441, p= 0.000) predict infarct lesion volume at follow-up CT. The LASSO
modeling approach confirmed the significant predictive power of CTP core volume, CTP total hypoperfused, NIHSS
at baseline and ASPECTS producing a sparse model with adequate reliability (RMSE on previously unseen testing
dataset was 3.68). Significance Our findings highlight the importance of CT multimodal imaging features in the
decision-making and predictivity in the hyperacute phase of WUS. The predictive model supports the hypothesis that
irreversible necrotic core rather the extent of penumbra is the main prognostic determinant in rTPA treated WUS

patients.
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1. INTRODUCTION

Wake-up Stroke (WUS) represents around a quarter of acute ischemic stroke events (Denny MC et al 2014, Mackey
et al 2011, Rubin and Barrett 2015, Thomalla et al 2014). If stroke onset is known, current guidelines limit the time
to initiate intravenous thrombolysis (rTPA) therapy to maximum 4.5 hours from the stroke onset (Powers et al'2018).
In everyday clinical practice, a considerable portion of WUS patients is generally excluded. fromithrombolytic therapy
due to the unknown time of stroke onset (Barreto et al 2016, Kang et al 2012).

Neuroimaging is a cornerstone in ischemic stroke diagnosis and it is crucial for patients’ eligibility for treatment
(Vilela and Rowley 2017, Lewandowski and Libman 1999, Furlanis et al 2018, Manganotti et al 2019). MRI- or CT
Perfusion- (CTP) based neuroimaging can identify patients who can most:benefit from the recanalization treatment by
identifying irreversible infarct core and the ischemic salvageable penumbra area in a quick and accurate manner
(Gonzalez 2006). In emergency settings, decision-making is always more based on the tissue clock approach instead
of on the time clock approach. Neuroimaging-based patient selection methods have, indeed, shown their ability to
identify additional populations of stroke patients that could benefit.from late-window reperfusion therapy, included in
wake-up stroke patients (Etherton et al 2018, Ma et al 2019, Thomalla et al 2018, Caruso et al 2018, Furlanis et al
2019).

The WAKE-UP trial demonstrated the benefit of rTPAtreatment in WUS patients by identifying an MRI DWI/FLAIR
pattern suggestive of stroke with an onset ofiless than 4.5 hours (Thomalla et al 2018). The recent EXTEND trial
based on CTP or PWI/DW!I - MRI imaging, showed that rTPA administered in patients admitted between 4.5 and 9.0
hours after stroke onset or in WUS pari\ents resulted in better functional outcome than the use of placebo (Ma et al
2019).

The aforementioned studies, included well-selected WUS patients in terms of time window and advanced
neuroimaging parameters. CTP assessed core, penumbra and their ratio has been proving to be pivotal in acute
ischemic stroke/decision-making both in known onset stroke (Agarwal et al 2011, Bivard et al 2018, Campbell et al
2019, Ryu et:al,2017, Kawano et al 2017) and in WUS (Ma et al 2019, Caruso et al 2018). However, these parameters
have not'yet been investigated to predict the outcome in rTPA-treated WUS patients in everyday clinical scenario.
The'aim of our study is to investigate the predictive power of core and penumbra parameters assessed by CTP

processing, and final neurological deficit and infarct volume in rTPA treated WUS patients.
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2. METHODS

We processed CT images and analyzed clinical data of patients with acute ischemic stroke develgped at merning
awakening who underwent reperfusion treatment, admitted within 4.5 hours from awakeningto the Stroke Unit of the
University Medical Hospital of Trieste (Italy) between March 2016 and June 2019. No age limit was applied and both
genders were included. Hemorrhagic stroke patients, patients with thrombolysis treatment contraindications and
patients who were eligible but refused the treatment were excluded. Stroke mimics was excluded by a complete
diagnostic work-up including clinical and MRI assessment to confirm the absence of ischemic lesion.

The included patients underwent rTPA treatment after fulfillment of eligibility criteria defined by the new standardized
protocol for diagnosis and treatment of acute stroke of the Trieste University Hospital introduced in March 2016.
Thanks to the advanced multiparametric CT assessment, the new rTPA pratocolincludes WUS patients arriving within
4 hours from awakening with ASPECT score >6 and ischemic penumbra >50% of the whole ischemic tissue on CTP
and current inclusion clinical criteria for rTPA administration. Patients.eligible for thrombolysis were treated with
intravenous rtPA (0.9 mg/kg of body weight, maximum,of 90 mg, infused over 60 minutes with 10% of the total dose
administered as an initial intravenous bolus over 1 minute). Mechanical endovascular treatment (EVT) was performed
in patients with M1, M2, Al, ICA and basilar arterysupon clinical evaluation of the interventional neuroradiologist
and according to standard clinical practice. Non-enhaneced CT (NECT), Angio-CT, CT Perfusion at admission and a
follow-up NECT were performed in all_included patients. Moreover a common neurologic stroke work-up including
assessment of stroke risk factors, electrocardiography, carotid ultrasound, echocardiography and Holter-
electrocardiography or telemetric EC(;monitoring. The Trial of Org 1072 in Acute Stroke Treatment (TOAST)
classification was adopted,to’ classify. stroke etiology (Adams et al 1999). Symptomatic hemorrhage (sICH) was
defined according to thedefinitionnof /ECASS - European-Australian Cooperative Acute Stroke Study 3 (Hacke et al
2008).

The following data ofdncluded, patients were collected: (1) demographic details (age, sex); (2) National Institutes of
Health Stroke-Scale (NIHSS) score at admission and on the 7th day or before in case of discharge; (3) premorbid mRS
and mRS at discharge; (4) stroke risk factors (hypertension, diabetes mellitus, dyslipidemia, smoking, obesity,
ischemic cardiopathy, atrial fibrillation); (5) Mortality; (6) length of hospitalization; (7) Non-enhanced CT
(ASPECTscore) and Follow-up Non-enhanced CT; (8) Lesion side; (9) Intracerebral Hemorrage (ICH) and

Symptomatic Intracerebral Hemorrage (sICH); (10) Stroke etiology by TOAST classification; (11) Stroke syndrome
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by Bamford classification; (12) Endovascular treatment; (13) Time from last seen well to admission; (14) Time from

symptom recognition to admission.

NECT and CTP acquisition and processing

CT standardized protocol at admission involved a non-enhanced CT, single-phase CT angiography and CTP. Follow-
up imaging was performed with NECT at 22-36 hours after admission. All CT imaging was‘performed with 256-
slices CT scanner (Brilliance iCT; Philips Medical Systems, Best, Netherlands). NECT was acquired with 120 kV,
400-450 mAs, at a slice thickness of 0.9 and reconstructed at 5 mm. CTP acquisition protocol involved injections of
intravenous contrast medium administered at an injection rate of 4 ml/s and a total scanning time of 60 s. The exposure
parameters used were 80 kVp and 150-200 mA s and a three-dimensional axial-acquisition on the whole brain volume
with a reconstruction of the slices set to 5 mm was performed.

4

CTP data processing was performed by using Extended Brilliance Waorkstation v 4.5 ( Philips Medical Systems, Best,
Netherlands) and a home-made code developed in Matlab (MathWorks Inc., Natick, MA), as previously described
(Furlanis et al 2018, Stragapede et al 2019, Caruso et'al 2019). Deconvolution-based method was used to calculate
perfusion maps, namely mean transit time (MTT), cerebral blood volume (CBV) and cerebral blood flow (CBF).
Models of the time/attenuation curves aere obtained by curve fitting using least mean squares method, and the MTT
map was subsequently calculated via aQosed-form deconvolution operation using the time/concentration curve of a
particular voxel and the arterial linput‘function. For each voxel, the CBV map was calculated from the area under the
time/concentration curves. CBF map was consequently calculated as a ratio between CBV and MTT. Ischemic
penumbra and core areas were automatically identified by CTP maps processing identifying penumbra as voxels with
MTT higher than 145% of the contralateral healthy area and CBV>2.0 ml/100g, while the infarcted core areas were

identified as MTT>145% of the contralateral healthy area and CBV<2.0 ml/100g (Wintermark et al 2006).

To calculate the total"ischemic volume excluding artifacts, CTP maps with hypoperfused voxels, representing both
core andypenumbra;, were processed in 3D space with a semiautomatic algorithm as described in a previous study
(Furlanis et al 2018). Algorithm is based on voxel connectivity using 26-connected neighborhoods for 3D images.
Voxels belonging to the largest connected volume in 3D space, compatible with cerebral vascular territories area and

clinical syndromes, were considered to calculate the total hypoperfused volume. The volume of core and penumbra

5
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were calculated after the artefact removal by integration of identified core voxels and remaining hypoperfused
penumbra area using aforementioned CBV thresholds. Ischemic Lesion Volume was calculated for/all patients by a
semi-automatic algorithm for segmentation, implemented in MATLAB (MathWorks, Natick, MA), based on seed-
based region growing algorithm, and with the possibility of additional manual outlining. Two independent neurologists

checked the results of this semiautomatic process.

Outcome measures ~

We have investigated the functional outcome in terms of the NIHSS determined at 7th day or at discharge before, as
well as ANIHSS% calculated as percentage of NIHSS decreased from.admission to discharge. Ischemic Lesion
Volume at follow-up NECT and the percentage of reperfused tissue at 24.hours were also evaluated as a treatment
efficacy outcome. The safety outcome was evaluated in terms of intrahospital mortality and sICH. The latter was
defined as parenchymal hematoma type 2 (confluent blood clot occupying¥>30% of the infarct with substantial mass
effect) within 36 hours after intervention, accompanied by an increase of at least 4 points in the NIHSS score from

baseline (Hacke et al 2008).

Statistical analysis and mathematical modeling

We performed all statistical analysis using SPSS Statistics 23 (IBM, Armonk/NY, USA). Kolmogorov-Smirnov test
was used to evaluate the normal distribution of variables. Continuous variables with a normal distribution are presented
as mean and standard deviations (SDs),\those with a skewed distribution as median and interquartile ranges (IQRs)
indicating the 1st and 3rdrquartile, and.categorical variables as counts and percentages (%). To determine factors
associated with NIHSS.at 7.days and ischemic lesion volume calculated on follow-up NECT, multivariable linear
regressions were performed. In particular, statistically significant variables at p <0.10 at univariate analysis were

selected as candidate factors for logistic and linear models. Results are presented as 3, B and 95% confidence intervals

(CI 95%). A.value of p <0.05 was considered significant.

A model to predict NIHSS at 7 days was developed by regularized least-squares regression using Least Absolute
Shrinkage and Selection Operator (LASSO) method (Tibshirani 1994) as described in previous biomedical predictive

modeling studies (Burke Quinlan et al 2015, Ajcevic et al 2015, 2016). The dataset was splitted into training dataset
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used for parameter estimation and cross-validation and testing dataset was used to test the model on newunseen data.
The training dataset consisted of 70% of the samples selected randomly, while the testing dataset/consisted:of the
remaining 30% of the samples.

In this work, for the predictive estimation of NIHSS at 7 days we proposed an initial model which included the
following features: CTP core volume, CTP penumbra volume, CTP total hypoperfused volume,CTP mismatch, Age,
NHISS at baseline, premorbid mRS, time last seen well to admission and ASPECTS.

LASSO regression minimizes the cost function which consists of residual sum of squares(RSS) and of a regularization

term (Tibshirani 1994):

6 = argming (RSS(8) +2X7_,|6;]) 1

where 0 is a parameter vector, p is number of coefficients and A is a pararn.eter which controls the model complexity.
The regularization term prevents the coefficients of the model from having large absolute values, in order to avoid
over-fitting. Thus, besides shrinking the linear model coefficients, this modeling approach also performs variable
selection according to A. For determined high values of X, the coefficients of some variables are exactly zero, making
the results highly interpretable (Tibshirani 1994). The A parameter was chosen using 5-fold cross validation in order
to minimize cross validation mean square error (Hastie et al 2009). In 5-fold cross-validation, the training dataset was
partitioned into five equal sized subsamples. The four subsamples were used to train the model, while a remaining
subsample was considered for the validation. The cross-validation process was then repeated five times, using each of
the subsamples only once as the validation data. The 5-fold cross validation mean square error (MSE) and 95% CI
were calculated. Subsequently;.the produced model was applied on previously unseen testing dataset and MSE and

95% CI were calculated.

3. RESULTS
During'the study.period, 1172 (1059) patients with acute ischemic stroke were admitted to our Stroke Unit and 129
cases,of them (11 %) suffered from WUS. As many as 83 out of 129 WUS patients were eligible and underwent rTPA,

and were therefore included in the interventional rTPA group.



oNOYTULT D WN =

AUTHOR SUBMITTED MANUSCRIPT - PMEA-103494.R2

Patients’ demographics and stroke characteristics

The baseline clinical and radiological characteristics, as well as risk factors of WUS patients, are presented in:Table
1. Mean age was 74+13 years, and 59% of the sample were females. Median time from last seen well to_admission
was 527 min (375-712), and from symptom recognition to admission 98 min (64-127). Fifty-three percent of the
sample suffered from an ischemic lesion on the left side of the brain, ASPECTS 10, and NIHSS 6 (4-13). Bamford
stroke subtypes and TOAST classification are summarized in Table 1. CTP analysis suggested a mismatch value of
1.0 (0.9-1.0), a total volume of hypoperfused tissue of 13.4 mL (2.0-70.1), apenumbrasvelume of 13.3 mL (2.0—
63.8), and core of 0 mL (0-3). The most predominant comorbidity were HTN (72%), dislipidemia (67%), and AF

(30%). All included patients received rTPA treatment and 13 of them (16%) underwent EVT treatment.

Table 1: Participants’ demographics, clinical and radiological characteristics at baseline in rTPA treated (n= 83)

wake up stroke patients. Data are presented as means+sd, medians (IQR) @nd frequencies.
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Personal Characteristics rTPAWUS
n= 83
Age [v] 74£13
Females [n (%)] 49 (59)
Last time seen well - Admission [min] 527 (375-712)
Symptom recognition -Admission [min] 98 (64-127)
ASPECTS 10 (10-10)
NIHSS at baseline A 6 (4-13)
Anamnestic mRS 0 (0-0)
Left side of the lesion [n'(%)] 44 (53)
Bamford stroke subtypes [n'(%)]
TACI 21 (25)
PACI 36 (43)
LACI 11 (13)
POCI 15 (18)
TOAST classification [n (%)]
Atherothrombotic 19 (23)
Lacunar 10 (12)
Cardioembolic 25 (30)
Cryptogenic 29 (35)
Other cause 0(0)
CTP parameters
Mismatch 1.0 (0.9-1.0)

Totaldhypoperfused tissue [mL]
Penumbra [mL]
Core [mL]

13.4 (2.0-70.1)
13.3 (2.0-63.8)
0 (0-3)
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HTN [n (%)] 60 (72)
DM [n (%)] 12 (15)
Dislipidemia [n (%)] 57 (67)
Smok_ing [n (%)] 19 (23)
Obesity [n (%)] 9(11)
AF [n (%)] 25 (30)
ICP [n (%)] 17 (21)

Notes: Participants’ reported age (y), sex (females, %), time between last time seen well and admission’(min), time
between stroke symptom recognition and admission (min), ASPECTS, NIHSS at baseline, anamnestic mRS, side of
the ischemic lesion (left, %), Bamford stroke subtypes (%) (Total Anterior Circulationdnfarct, TACI; Partial Anterior
Circulation Infarct, PACI; Lacunar Stroke, LACI; Posterior Circulation Infarct, POCI), TOAST classification (%),
CT Perfusion parameters (mL), history of hypertension (HTN, %), diabetes (DM, %)ydislipidemia (%), smoking (%),
obesity (%), atrial fibrillation (AF, %), ischemic cardiomyopathy (ICM, %). ~

Stroke Outcomes

Participants included in this sample were characterized by a NIHSS score at:7 days of 1 (0-4), with a percentage of
NIHSS recovery of 75% (50-100%). Independence outcome at discharge, denoted by the mRS, suggested that 57%
of the sample was characterized by a good outcome (mRS 0-2), and 45% by an “optimal” outcome (mRS 0-1).

- 4

Follow-up NECT indicated a lesion volume of 1.0 mL (0-7-1.0 mL) and a percentage of reperfused tissue at 24 hours
of 96% (68-100%). The proportion of patients with'a reperfused tissue >50% at 24 hours was 87%, while patients
with a reperfused tissue at 24 hours >90% were 57% of the sample. Median length of stay was 10 days (6-16 days).

Intrahospital mortality was 6% of the sample, whereas ICH was found in 9% of the sample. Among those, 2% were

sICH. Stroke outcomes are summarized in. Table 2.

Table 2: Clinical outcomes at 7 days and at.discharge after admission in rTPA treated wake up stroke patients (n=

83). Data are presented as medians (IQR) and frequencies.

Clinical Outcomes WUS rTPA
n=83
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NIHSS at 7 days 1(0-4)
A NIHSS 4 (2-7)
A NIHSS percent 75 (50-100)
mRS at discharge 0-2 [n (%)] 47 (57)
mRS at discharge 0-1 [n (%)] 37 (45)
Final Ischemic Volume [mL] 1.0 (0.7-1.0)
Reperfused tissue 24h (%) 96 (68-100)
> 50% 74(87)
> 90% 48 (57)
Length of Stay [days] 10 (6-16)
Mortality [n (%)] 5 (6)
ICH [n (%)] 11 (9)
sICH 2(2)

Notes: Participants’ NIHSS at 7 days from admission, difference between NIHSS at admission and NIHSS at 7 days
(A NIHSS), percent of improvement between NIHSS at baseline and NITHSS at 7 days (A NIHSS percent), mRS
between 0-2 (%) and 0-1 (%), final ischemic volume at follow-up NECT (mL), percentage of reperfused tissue at 24h
as an absolute value (%) and proportion of patients with reperfused tissue > 50% and >90% [n (%)], length of
intrahospital stay (days), mortality (%), intracerebral haemorrhage (ICH, %) and symptomatic cerebral haemorrhage

(SICH, %). Results are summarized for all patients.
- 4

Factors Predictors of Good Outcomes

Univariate regression analysis suggested potential associations between NIHSS at 7 days and factors such as
hypoperfused volume, core volume, NIHSS,at baseline, anamnestic mRS, ASPECTS and TOAST classification.
When these variables were included in the multivariate analysis, only core volume (: 0.403, p= 0.000), NIHSS at
baseline (B: 0.323, p=0.005) and ASPE?TS (B:-0.224, p=0.012) remained significant predictors of NIHSS at 7 days
(Table 3).

When ischemic lesion velume on follow up NECT was chosen as independent variable, hypoperfused volume, core
volume, NIHSS at baseline, ASPECTS and TOAST classification were found associated in the univariate analysis.
Nevertheless, the multivariate,analysis showed that only total hypoperfused volume (B: 0.542, p= 0.000) and core
volume (B: 0.441, p= 0.000) remained significant (Table 4). In our sample, the application of EVT treatment in

addition to rTPA was not associated with the NIHSS at 7 days and final lesion volume.

Table 3: Linear multivariate regression for NIHSS at 7 days after admission.

10
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Variable NIHSS at 7 days
B B 95% CI Sig.

Hypoperfused volume (mL) 0.024 0.002 -0.018= 0.022 0846
Core volume (mL) 0.403 0.116 0.066 — 0:265 0.000
9 NIHSS at baseline 0.323 0.256 0.079 40.433 0.005
10 Anamnestic mRS 0.147 1.189 -0.115,-2.494 0.073
1 ASPECTS -0.224 -1.323 -2.349 —-0.298 0.012
12 TOAST classification -0.019 -0.083 -0.771 -0.605 0.811

oNOYTULT D WN =

14 Notes: Multivariate analysis for NIHSS at 7 days from admission. Variables found significant in the univariate
15 analysis. Hypoperfused volume (core + penumbra, mL), NIHSS at baseline, anamnesticsmRS, ASPECTS, TOAST
16 stroke classification. Significance (Sig.) for multivariate analysis. Bold values for.p.<0.05.

31 Table 4: Linear multivariate regression for finallischemic volume.

Variable Ischemic volume
35 B B 95% ClI Sig.

37 Hypoperfused volume (mL) 0542 0.363 0.224 — 0.502 0.000
38 Core volume (mL) 0.441 1.136 0.749 - 1.523 0.000
39 NIHSS at baseline -0.414 -0.768 -2.141 - 0-604 0.268
40 ASPECTS 0.113 -5.493 -12.877 - 1.891 0.143
41 TOAST classification 0.025 0.968 -4.428 — 6.364 0.722

43 Notes: Multivariate,analysis for, final ischemic volume (ischemic volume). Variables found significant in the
44 univariate analysis. Hypoperfused volume (core + penumbra, mL), core volume (mL), NIHSS at baseline, ASPECTS,
45 TOAST stroke classification.“Significance (Sig.) for multivariate analysis. Bold values for p < 0.05.

Outcome Predictive Models
The identified model, represented by the following equation, was found for A=0.84 and presented a 5-fold cross-

>4 validation MSE of 12.46 (95% CI 8.23 to 16.69) on the training dataset. The estimation mean square error MSE on

58 11
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previously unseen testing dataset was 13.54 (95% CI 9.91 to 17.17), corresponding to root mean square error

RMSE=3.68:

NIHSS; gays = 0.07 - CTPsgre + 0.01+ CTPyypoperfusea + 0-22 - NIHSS qamission — 0-89 YASPECES + 8.89.(2)

where CTP,ore and CTPpypoperfusea are Volumes expressed in mL.

In Figure 1, the estimated values of NIHSS at 7 days obtained using the identified predictive model are plotted against
the measured ones, on the training dataset (left panel) and test dataset (right panel) separately. The results showed
dispersion around identity line between predicted and measured values£Aslight underestimation trend was detected

for higher NIHSS values.

training dataset _ test dataset
25 25 y o
z <
32 3 2
g 20 ) 20
- =
215 215 .
E E .
7 7
Z 10 , %10 :
= . =
Z * z .
= 2 H = D[
o " . =
b 2.
0= - 0
0 5 10 15 20, 25 0 5 10 15 20 25
7-day NIHSS measured 7-day NIHSS measured

Figure 1. Estimated values of NIHSSat 7 days obtained using the identified predictive model plotted against measured
NIHSS at 7 days. (Left panel). training dataset; (Right panel) test dataset. The root mean square error observed on
the test dataset was RMSE=3.68, R?>=0.81.

4. DISCUSSION
There is growingresearch interest on CTP parameters which predicts the functional and morphological outcome in
acute ischemic stroke patients. Currently there is little data about CTP calculated parameters predictivity for rTPA-
treated WUS patients. The main finding of our study is the identification of CTP parameters, which, together with
clinical data, can predict the outcome in terms of neurological deficit and final infarct volume in rtPA-treated WUS

patients in everyday clinical scenario. This study also provides a simple model able to predict the 7 days NIHSS in

12
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rTPA-treated WUS patients. In particular, CTP core volume together with NIHSS baseline and ASPECT scare predict
NIHSS at 7 days after admission, while hypoperfused volume and core volume at CTP predict infarct lesion volume

at follow-up NECT. Figure 2 and Figure 3 respectively show two exemplificative cases of rTPA treated WUS patients

oNOYTULT D WN =

9 reflecting the influence of different NIHSS, ASPECTS and infarct core at admission on functional and,morphological

11 outcomes.

37 Figure 2. rTPA treated wake-up stroke patient: female, 71y, ASPECTS= 10, left M2- occlusion, NIHSS at admission=
38 17, premorbid mRS= 0, core volume=0 mL; penumbra volume= 83.3 mL; total ischemic volume= 83.3 mL; NIHSS
40 at 7 days= 2, mRS at discharge= 1; finaldschemic volume= 3.6 mL.

41 Top Panel - From left to.right: NECT.at admission, CBV and MTT - CTP calculated maps.

Middle Panel - From left to right: CTP core-penumbra color map and its 3D reconstruction with estimated core area
44 (145% of the contralateral healthy area and CBV <2.0 mL/ 100 g) and penumbra area (145% of the contralateral
healthy area and CBV >2.0 mL/ 100 g), highlighted in red and green, respectively.

47 Bottom Panel -'"From left/to right: follow-up NECT, 3D reconstruction of ischemic lesion on follow-up NECT (red).
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Figure 3. rTPA treated wake-up stroke patient: male, 76 y, ASBECTS= 8, left M2- occlusion, NIHSS at admission=
24, premorbid mRS= 0, core volume= 41.7 mL; penumbra volume= 87.4 mL; total ischemic volume= 129.1 mL;
NIHSS at 7 days= 19, mRS at discharge= 5; final ischemic volume= 83.6 mL.

Top Panel - From left to right: NECT at admission;CBV'and MTT - CTP calculated maps.

Middle Panel - From left to right: CTP core-penumbra color map and its 3D reconstruction with estimated core area
(145% of the contralateral healthy area.and CBV <2.0.mL/ 100 g) and penumbra area (145% of the contralateral
healthy area and CBV >2.0 mL/ 100 g)sshighlighted in red and green, respectively.

Bottom Panel - From left to right: follow-up NECT with delineated ischemic lesion, 3D reconstruction of ischemic
lesion on follow-up NECT (red). N

Advanced neuroimaging, ableto identify ischemic core and salvageable hypoperfused penumbra, is pivotal in
decision-making/of hyper-acute ischemic stroke and for patients’ eligibility for treatment.(Vilela and Rowley 2017,
Lewandowski and\LLibman'1999, Furlanis et al 2018, Caruso et al 2018, Furlanis et al 2019, Caruso et al 2019). Recent
Trials based on MRIand CTP neuroimaging allowed the extension time window for endovascular treatment or rTPA
therapy (Ma et'al2019, Nogueira et al 2018, Albers et al 2018) and demonstrated their safety and efficacy, also in

WUS patients (Ma et al 2019, Thomalla et al 2018).
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The results of WAKE UP trial showed the benefit of rTPA in WUS patients with DWI/FLAIR MRI pattern. which
indicated the stroke onset of less than 4.5 hours (Thomalla et al 2018). EXTEND trial, in which about 65% ofincluded
patients were WUS, by selecting cases with PWI/DWI MRI and CTP criteria, demonstratedithat the rtPA resulted in
higher number of patients with no or minor neurologic deficits (Ma et al 2019). A recent real-life study performed on
70 rTPA and mechanical thrombectomy treated patients admitted in an extended window.beyond 4.5 hours from last
seen well (60% of included patients were WUS) showed that reperfusion therapies were safe @nd effective in CTP
selected patients (Feil et al 2019). ~

In our study the functional and morphological outcomes observed in rTPA treated WUS patients (mRS at discharge <
2 = 45%; sICH = 2%; median infarct volume at follow-up NECT= 1 mk; median percentage of reperfused tissue at
24h=96%) are similar to those reported in the aforementioned trials..Our study focused on investigating the predictive
power of calculated CTP parameters on final neurological deficit and.infarct volume in rTPA-treated WUS patients.
Our data showed that CTP core volume (B: 0.403, p= 0.000), NIHSS at:baseline (B: 0.323, p=0.005) and ASPECTS
(B: -0.224, p=0.012) are significant predictors of NIHSS at 7 days, while total CTP hypoperfused volume (B: 0.542,
p= 0.000) and CTP core volume (B: 0.441, p= 0.000) are significant predictors of ischemic lesion volume on follow

up NECT.

Recent studies investigated the CTP parameters predictivity in known onset ischemic stroke patients who underwent
rTPA therapy or endovascular treatment (Agarwal et al 2011, Campbell et al 2019, Nogueira et al 2018, Albers et al
2018). Haranhalli et al. (2019) reportedsthat intreated ischemic stroke the only baseline clinical characteristics that
was significantly associated with, worse mRS at discharge was NIHSS baseline > 16; at the same time CTP core
volume was correlated with-@worse functional outcome (Haranhalli et al 2019). Tian et al. (2019) showed that CTP
assessed core was the only independent imaging CTP predictor of good functional outcome in rTPA treated patients
with known onset of.symptoms and admitted within 4.5 hours from onset (Tian et al 2019). Bivard et al. (2018) found
that CTP infarct coré volume and, collateral grade are the strongest predictors of a good 3 months mRS outcome

followingatPA treatment in patients admitted within 4.5 hours from ischemic symptom onset (Bivard et al 2018).

Time to rTPA treatment was also reported as weak predictor of outcome compared with CTP infarct core volume and
collateral grade (Bivard et al 2018). Time last seen well to admission in our study was not associated with the clinical

and morphological outcome. Our findings on CTP predictivity in WUS patients are consistent with those obtained in
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known onset stroke (<4.5 hours) patients and support the hypothesis that the advanced imaging measures for. patient

treatment suitability may be even more important than the influence from time to treatment.

Furthermore, the results of our study showed that only total CTP hypoperfused volume and core volume are strong
predictors of the final infarct volume in rTPA treated WUS patients. These results are consistent with studies on
predictivity of CTP features on final infarct volume in known onset stroke patients (Shankar et al 2016, Padroni et al
2016). Shankar et al. (2016) found, investigating together treated and non-treated patients admitted <4.5 from onset,
that CBV volumes assessed on CTP were the best predictor of final ischemic valume; at th\e same time, CBF volume
was also correlated with the final lesion (Shankar et al 2016). In CTP ASPECTS study;Padroni et al. (2016) reported
that CBF, CBV and MTT ASPECTS were inversely associated with final _infarct volume, while CTP ASPECT

mismatch was slightly associated with lesion considering treated/and non-treated patients together (Padroni et al

2016).
- 4

Lastly, this study provides a simple predictive model.to estimate the 7 days NIHSS in rTPA-treated WUS patients.
The produced model presented root mean square errorof 3.68,0n previously unseen testing dataset indicating a good
generalized estimation in our sample. The LASSO:modeling approach confirmed the significant predictive power of
CTP core volume, CTP total hypoperfused, NHISS at:baseline and ASPECTS producing a sparse model eliminating
age, CTP penumbra volume, CTP mismatch; premorbid mRS and time last seen well to admission features. Indeed,
the selected features are related to tissue clock mare that on time clock. CTP Infarct Core volume, ASPECT on NECT
at admission and partially baseline NIH?S are related with irreversible necrotic brain injury (Wintermark et al 2006,
Schramm et al 2004, Linget al 2009, Campbell et al 2012, Hui et al 2017, Olive-Gadea et al 2019, Yaghi et al 2017,

Payabvash et al 2017).

By attributing more_importance to core related features, the results of our model support the hypothesis that the
irreversible necrotic core, ratherthe extent of penumbra, is the main prognostic determinant in treated hyper-acute
acute ischemic stroke patients. The importance of the core as outcome predictor in patients undergoing rTPA is
underscored by studies using pretreatment MRI in patients with large vessel occlusion, showing that clinical outcome
correlated significantly with lesion volume on diffusion-weighted imaging but not with the volume on

perfusion/diffusion imaging mismatch (Nighoghossian et al 2003). Although slightly, the total ischemic CTP volume
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participates to the final neurological deficit directly and also through its contribution to NIHSS at admission (Furlanis

et al 2018).

Our study has, however, some limitations. The data describe a single-center investigation of @limited sample size.
Moreover, although the included patients were consecutive, we conducted an observational study: Our study
population represents only mild/moderate stroke severity with a median NIHSS score atbaseline 6.and with significant
prevalence penumbra compared to ischemic core. The produced predictive modelsshould be considered bearing in
mind the aforementioned dataset limitations. As the follow-up at 3 months is not mandat\ory, mRS was collected at
discharge. The results should be confirmed and the model should be refined in atlarger sample. Despite these
limitations, this study contributes to give a better insight on the predictive power of whole brain CTP features and

clinical stroke related parameters on functional and morphological outcome ofirTPA-treated WUS patients in real-life

clinical scenario.
- 4

In conclusion, the results of our study show that CTP:core volume together with NIHSS baseline and ASPECT score
predict NIHSS at 7 days after admission, while hypoperfused.volume and core volume at CTP predict infarct lesion
volume at follow-up NECT in rTPA treated WUS patients. These findings support the importance of features extracted
from CT multimodal imaging in the decision-makingsand predictivity in the hyperacute phase of wake-up ischemic
stroke. The study also provides a predictive model to estimate neurologic deficit at 7 days that, by attributing
importance to core related features strengthens the hypothesis that irreversible necrotic core, rather the extent of

N
penumbra, is the main prognostic determinant'in treated hyper-acute ischemic stroke patients.
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