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Abstract: Background: Data to support the routine use of embolic protection devices for stroke pre-
vention during transcatheter aortic valve replacement (TAVR) are controversial. Identifying patients
at high risk for peri-procedural cerebrovascular events may facilitate effective patient selection for
embolic protection devices during TAVR. Aim: To generate a risk score model for stratifying TAVR
patients according to peri-procedural cerebrovascular events risk. Methods and results: A total
of 8779 TAVR patients from 12 centers worldwide were included. Peri-procedural cerebrovascu-
lar events were defined as an ischemic stroke or a transient ischemic attack occurring ≤24 h from
TAVR. The peri-procedural cerebrovascular events rate was 1.4% (n = 127), which was independently
associated with 1-year mortality (hazards ratio (HR) 1.78, 95% confidence interval (CI) 1.06–2.98,
p < 0.028). The TASK risk score parameters were history of stroke, use of a non-balloon expandable
valve, chronic kidney disease, and peripheral vascular disease, and each parameter was assigned
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one point. Each one-point increment was associated with a significant increase in peri-procedural
cerebrovascular events risk (OR 1.96, 95% CI 1.56–2.45, p < 0.001). The TASK score was dichotomized
into very-low, low, intermediate, and high (0, 1, 2, 3–4 points, respectively). The high-risk TASK
score group (OR 5.4, 95% CI 2.06–14.16, p = 0.001) was associated with a significantly higher risk of
peri-procedural cerebrovascular events compared with the low TASK score group. Conclusions: The
proposed novel TASK risk score may assist in the pre-procedural risk stratification of TAVR patients
for peri-procedural cerebrovascular events.

Keywords: transcatheter aortic valve replacement; aortic stenosis; stroke

1. Introduction

The application of transcatheter aortic valve replacement (TAVR) is expanding to
include lower-risk patients. Although recent studies have shown that rates of stroke after
TAVR are low (0.6–3.4%) [1,2], the significant morbidity and mortality associated with it
render it a priority target for preventative measures [3]. Cerebrovascular protection during
TAVR has emerged as a new approach for the prevention of peri-procedural strokes. The
devices are designed to capture embolic debris released during the TAVR procedure, thereby
providing protection during the procedure itself as well as in the period immediately
following it. However, the lack of compelling evidence for clinical stroke event reduction,
the high cost, and the additional procedural complexity of device utilization have limited
the widespread adoption of such technologies.

Tools to identify TAVR candidates at high risk for peri-procedural stroke may be
valuable in selecting patients who require cerebrovascular protection during TAVR. Fur-
thermore, such stratification tools may facilitate the future evaluation of the clinical
efficacy of embolic protection devices among patients with different levels of risk for
peri-procedural cardiovascular events. Earlier studies had evaluated predictors for post-
procedural stroke [4–7], but peri-procedural cerebrovascular events represent different
pathophysiology factors than those of cerebrovascular events that occur later during follow-
up (i.e., >24 h). Thus, such predictors may no longer be pertinent to predicting peri-
procedural events and may not be relevant for the clinical assessment of patients prior to
the procedure.

The aims of the current study are to identify predictors and to design a scoring
system to stratify the risk of a TAVR-associated cerebrovascular event in order to assist in
identifying patients at high risk for peri-procedural strokes who may benefit from embolic
protection devices during TAVR.

2. Methods

The data that support the findings of this study are available from the corresponding
author upon reasonable request.

The TASK (Transcatheter Aortic valve replacement in-hoSpital stroKe) study included
consecutive TAVR patients from 12 high-volume TAVR centers in Europe and the Middle
East that contributed their data (Table S1). All the study patients had undergone TAVR
procedures between 2007 and 2018 after careful evaluation by each institutional heart team.
All patients undergoing the TAVR procedure during the designated period were included
in the analysis. Patients who underwent TAVR via a non-transfemoral approach and those
in whom an embolic protection device was utilized were excluded. All centers used heparin
during the TAVR procedure, with a target activated clotting time of >250 s.

The participating centers were required to fill out a case report form designed specifi-
cally for this study, which included information on demographics, past medical history,
and medications. Low body weight was defined as a body mass index of ≤25 kg/m2

and ischemic heart disease as any prior acute coronary syndrome, coronary intervention,
or bypass surgery. Chronic kidney disease was defined as a glomerular filtration rate of
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<60 mL/min/1.73 m2 based on the Modification of Diet in Renal Disease equation and
peripheral vascular disease as any documented atherosclerotic disease in the carotid arter-
ies, renal arteries, or any peripheral arteries. Outcome data were collected according to
the Valve Academic Research Consortium-2 definitions [8] and included post-procedural
complications with a special focus on ischemic stroke, transient ischemic attack, and hemor-
rhagic stroke, as well as the timing of their occurrence. Any inconsistencies in the data were
resolved directly with local investigators and on-site data monitoring. All patients gave
written informed consent to undergo a transcatheter aortic valve procedure. The inclusion
of patients was approved in each center by a local ethics committee.

The primary endpoint of peri-procedural cerebrovascular events was defined as the
composite of peri-procedural ischemic stroke or transient ischemic attack occurring earlier
than 24 h post-procedure. Cerebrovascular events were defined according to the Valve
Academic Research Consortium-2 definitions [8] and categorized as transient ischemic
attack or ischemic stroke. “Transient ischemic attack” was defined as a sensorimotor deficit
that lasted 24 h or less without associated evidence of cerebral infarction in imaging studies.
“Ischemic stroke” was defined as an acute neurological dysfunction lasting at least 24 h
with or without evidence of infarction in imaging studies. TAVR patients for whom there
was no information on a stroke event or the timing of a stroke with respect to the TAVR
procedure were excluded from the analysis.

3. Statistical Analysis

Continuous data were compared with Student’s t-test and one-way ANOVA. Cate-
gorical data were compared with the chi-square test or the Fisher exact test. To assess the
prognostic impact of a peri-procedural cerebrovascular event, a multivariate Cox regression
analysis adjusted for age, gender, ischemic heart disease, hypertension, diabetes mellitus,
peripheral vascular disease, chronic kidney disease, ejection fraction, and previous stroke
was performed. Odds ratios (ORs) are reported as absolute values and 95% confidence
intervals (CIs).

Candidate parameters that were considered for the derivation of the TASK score
included exclusively the pre-procedural parameters that are available to the physician prior
to the procedure in order to identify pre-procedural predictors for stroke.

Univariate logistic binary regression modeling was used to evaluate the ORs for peri-
procedural cerebrovascular events. The final components selected for inclusion in the TASK
score were derived using a resampling-based procedure. The relative impact of each of the
pre-procedural parameters in predicting stroke was determined and ranked. The frequency
of each candidate parameter in a final model derived from 1 of 1000 bootstrapped samples
served as an indication of the importance of that parameter (Appendix A).

Parameters identified as most important were included in a multivariable logistic
regression and were inspected to confirm whether equal weight can be given to each pa-
rameter so that a TASK score can be created by counting the number of present parameters
for an individual. The C statistic was used to assess the performance of the multivariable
model (Appendix A).

The TASK score was designed by assigning a single point to each significant factor. The
TASK score was further dichotomized into four risk groups: very-low, low, intermediate,
and high (0, 1, 2, 3–4 points, respectively). The prognostic value of the TASK score was
assessed using a receiver operating characteristics analysis, producing an area under the
curve with 95% CIs. The predicted and observed incidence of peri-procedural cerebrovas-
cular events was compared using the Hosmer–Lemeshow test to assess the goodness-of-fit
of the model. The model was regarded as having no goodness-of-fit if p < 0.05. In order to
assess the possible effects of a procedural learning curve on the incidence of peri-procedural
cerebrovascular events and on the TASK risk score, we defined “early” and “late” periods
according to procedures performed before or after the median procedure date, respectively,
and performed an interaction analysis between these two time periods.



J. Pers. Med. 2022, 12, 1056 4 of 14

Given the low rates of peri-procedural cerebrovascular events, a separate validation
cohort was not available.

Statistical significance was accepted for a two-sided p < 0.05. The statistical analyses
were performed with IBM SPSS version 25.0 (Chicago, IL, USA) and with SAS Enterprise
Guide version 7.1.

4. Results

A total of 8779 patients underwent TAVR during the study period, of whom 4546
(52%) were females. The median age of the cohort was 82 years (IQR 79–86 years). The
baseline characteristics of the study population are summarized in Table 1. In total, 100% of
patients in the cerebrovascular group had an event, while only 0.9% of the control group
had an event. The 0.9% are events that occurred after the first 24 h of the procedure. The
procedure was performed under conscious sedation in the majority of patients (69%). A
self-expandable valve was utilized most frequently (57%), followed by a balloon expand-
able valve (37%) and a mechanically expandable valve (6%). Balloon pre-dilatation was
performed in one-half of the cases.

Table 1. Demographic, clinical, and procedural characteristics of the patients according to peri-
procedural cerebrovascular events.

Variable

Entire
Cohort

Peri-Procedural Cerebrovascular
Event Odds

Ratio
Confidence

Interval p-Value
N = 8779 Yes

N = 127
No

N = 8652

Baseline characteristics

Age (mean ± SD) 82 ± 6.6 82.1 ± 6.8 83.1 ± 6.5 1.02 0.99–1.05 0.12
Female gender (%) 4546 (52) 72 (57) 4474 (52) 1.22 0.86–1.74 0.27
Low body weight * (%) 3414 (40) 65 (52) 3349 (40) 1.60 1.12–2.28 0.009
Ischemic heart disease (%) 2697 (31) 39 (31) 2658 (31) 0.95 0.67–1.44 0.95
Chronic kidney disease ** (%) 5458 (68) 101 (82) 5357 (68) 2.16 1.36–3.43 <0.001
Stroke history (%) 620 (7) 14 (11) 606 (7) 1.60 0.91–2.8 0.10
Diabetes mellitus (%) 2586 (30) 35 (28) 2551 (30) 0.9 0.61–1.33 0.60
Hypertension (%) 6088 (80) 79 (81) 6009 (80) 1.06 0.64–1.78 0.81
Atrial fibrillation (%) 2607 (32) 35 (29) 2572 (32) 0.85 0.57–1.26 0.43
Chronic obstructive pulmonary
disease (%) 1296 (17) 17 (16) 1279 (17) 0.97 0.58–1.65 0.92

Peripheral vascular disease (%) 1462 (19) 35 (29) 1427 (19) 1.76 1.19–2.62 0.005

Baseline medications

Aspirin (%) 5646 (64) 66 (68) 4478 (62) 1.29 0.84–1.98 0.24
P2Y12 inhibitor (%) 1966 (30) 33 (35) 1933 (30) 1.26 0.82–1.93 0.28
Oral anti-coagulant (%) 1689 (26) 19 (20) 1670 (26) 0.72 0.44–1.20 0.21

Baseline Echocardiography

AVA (cm2) (mean ± SD) 0.73 ± 0.2 0.74 ± 0.2 0.72 ± 0.2 0.83 0.34–2.03 0.68
Ejection fraction (mean ± SD) 54 ± 12 54 ± 12 54 ± 12 1.00 0.99–1.01 0.75
Mean gradient (mmHg) (mean ± SD) 45 ± 16 45 ± 14 45 ± 16 0.99 0.99–1.01 0.84

Procedural data

Conscious sedation (%) 2675 (31) 37 (29) 2638 (31) 0.92 0.63–1.35 0.67
Self-expandable valve 4516 (52) 71 (56) 4445 (52) 1.35 0.91–2.00 0.136
Balloon expandable valve 2878 (37) 26 (24) 2852 (37) 0.53 0.34–0.83 0.005
Mechanical expandable valve 451 (6) 13 (12) 438 (6) 2.23 1.24–4.01 0.001
Balloon pre-dilatation 4358 (50) 68 (53) 4290 (50) 1.14 0.80–1.62 0.46
Balloon post-dilatation 1414 (19) 22 (19) 1392 (19) 0.94 0.62–1.57 0.98

In-hospital events

Myocardial infarction (%) 41 (0.5) 3 (2.6) 38 (0.5) 5.4 1.65–17.8 0.005
Any cerebrovascular event (%) 203 (2.3) 127 (100) 77 (0.9) - - <0.001
24 hr cardiovascular event (%) 127 (1.4) 127 (100) 0 (0) - - <0.001
New atrial fibrillation (%) 600 (8) 9 (8) 591 (8) 1.03 0.52–2.05 0.934
Life-threatening/major bleeding (%) 606 (7) 12 (10) 594 (7) 1.42 0.78–2.59 0.251
In-hospital mortality (%) 867 (1.2) 10 (7.9) 97 (1.1) 7.54 3.83–14.82 <0.001

* Body mass index ≤25 kg/m2; ** glomerular filtration rate <60 mL/min/1.73 m2.
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The in-hospital adverse events rate was low, with the total in-hospital cerebrovascular
event rate of 2.3%, most of which were ischemic strokes (86%), followed by transient
ischemic attacks (14%), and hemorrhagic strokes (0.1%). Life-threatening or major bleeding
events occurred in 7% of the patients, and the in-hospital mortality rate was 1.2% (Table 1).

4.1. Peri-Procedural Cerebrovascular Events

Stroke events within 72 h occurred in 145 patients (1.7%): 127 events occurred <24 h
post-procedure (1.4%), 12 events during the second post-procedural day (0.14%), and only
6 events on the third post-procedural day (0.07%).

Evaluating patients with peri-procedural cerebrovascular events <24 h post-TAVR,
the univariate binary regression analysis identified several parameters associated with
peri-procedural cerebrovascular events: chronic kidney disease (OR 2.16, 95% CI 1.36–3.43),
the use of non-balloon expandable valves (OR 1.89, 95% CI 1.21–2.94), peripheral vascular
disease (OR 1.76, 95% CI 1.19–2.62), and a previous stroke event (OR 1.60, 95% CI 0.91–2.8)
(Table 1). Of note, common risk factors for stroke, such as older age, diabetes, and atrial
fibrillation, were not associated with peri-procedural cerebrovascular events (Table 1).

A multivariate binary analysis comprised of 6131 patients with complete baseline
information identified four independent predictors of peri-procedural cerebrovascular
events: a previous stroke (OR 1.84, 95% CI 1.01–3.34), the use of non-balloon expandable
valves (OR 2.06, 95% CI 1.29–3.30), chronic kidney disease (OR 2.14, 95% CI 1.31–3.51), and
peripheral vascular disease (OR 1.82, 95% CI 1.19–2.80) (Figure 1, Table S2). These findings
were substantiated by bootstrap analysis (Table S2). The final components selected for
inclusion in the TASK score were derived using a resampling-based procedure.

4.2. TASK Score Derivation and Validation

The TASK score was derived by assigning a single point to each of the selected compo-
nents, and it ranged between 0–4, including previous stroke, the use of non-balloon expand-
able valves, chronic kidney disease, and peripheral vascular disease. All four variables had
a statistically equivalent impact on stroke risk. The event rates were 0.7%, 0.8%, 2.1%, 3.4%,
and 7.8% for each increment in the TASK score points of 0–4, respectively (Figure 2). Each
one-point increment in the TASK risk score was associated with a significant increase in the
risk of peri-procedural cerebrovascular events (OR 1.96, CI 1.56–2.45, p < 0.001) with a C
statistic of 0.65 ± 0.03 (95% CI 0.60–0.71; Figure 3). The Hosmer–Lemeshow goodness-of-fit
test demonstrated that the TASK model was well-calibrated, with a non-significant p-value
of 0.84. Cross-validation of the TASK score using resampling-based metrics confirmed
the robustness of the derivation model with a cross-validated C statistic of 0.641 and an
optimism-corrected C statistic of 0.0038 (Table S3).

An interaction analysis demonstrated that the association between the TASK score
and peri-procedural cerebrovascular events was consistent in both the early and late study
periods (HR 2.12 (1.61–4.79) for the early period vs. 1.51 (1.12–2.05) for the late period, p for
interaction 0.106).

The TASK score was dichotomized into four mutually exclusive groups according to
the predicted risk for peri-procedural cerebrovascular events, i.e., very-low, low, intermedi-
ate, and high (0, 1, 2, 3–4 points, respectively). Patients assigned to the low-risk group (one
point) had a non-significant increase in the risk of peri-procedural cerebrovascular events
compared with the very-low TASK score group (0 points) (OR 1.14 95% CI 0.42–3.06). How-
ever, patients in the intermediate-risk group (2 points) had a significant increase in the risk
of peri-procedural cerebrovascular events compared with the very-low TASK score group
(0 points) (OR 2.9, 95% CI 1.16–7.37) (Table 2). Moreover, patients in the high (3–4 points)
TASK score group showed a significantly higher risk of peri-procedural cerebrovascular
events compared with the very-low TASK score group, with an OR of 5.4 for the high TASK
score (95% CI 2.06–14.16, p = 0.001) (Table 2).
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Table 2. TASK risk score *.

Observed Stroke Incidence (%) Odds Ratio Confidence Interval p-Value

Very-low risk = 0 points (n = 692) 0.7 1.00 - -
Low risk = 1 point (n = 2310) 0.8 1.14 0.42–3.06 0.79
Intermediate risk = 2 points (n = 2442) 2.1 2.93 1.16–7.37 0.022
High risk = 3–4 points (n = 687) 3.8 5.40 2.06–14.16 0.001

* The TASK score includes peripheral vascular disease, valve type, history of stroke, and chronic kidney disease.
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4.3. Prognostic Value of Peri-Procedural Cerebrovascular Events

A total of 1166 (14%) patients died within one year after undergoing a TAVR pro-
cedure. The Kaplan–Meier survival analysis demonstrated that patients who sustained
peri-procedural cerebrovascular events had significantly higher 1-year mortality compared
to patients who did not (p < 0.001) (Figure 4). The multivariate Cox regression analysis
adjusted for age, gender, ischemic heart disease, hypertension, diabetes mellitus, peripheral
vascular disease, chronic kidney disease, ejection fraction, and previous stroke found that
peri-procedural cerebrovascular events were an independent risk factor for mortality, with
an increased 1-year mortality risk compared to patients who did not undergo a stroke
(HR 1.78, 95% CI 1.06–2.98, p < 0.028) (Table S4).
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5. Discussion

The current study represents the first attempt to perform a multicenter, all-comer
analysis to create a clinically relevant score for stratifying patients at high risk for peri-
procedural cerebrovascular events during or after a TAVR procedure. The importance of the
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TASK score stems from the fact that although the rates of peri-procedural cerebrovascular
events are low (1.4%), they are associated with increased mortality. The proposed TASK
score utilizes exclusively the parameters that are known prior to the procedure to stratify
patients into four distinct risk groups for peri-procedural cerebrovascular events. The TASK
score may, therefore, be utilized during the pre-procedural evaluation process as guidance
for the use of embolic protection devices in high-risk patients and may thus serve as a
practical tool to reduce the risk of peri-procedural cerebrovascular events during TAVR or
shortly thereafter.

The findings in this study, as well as those of prior studies [4,9,10], indicate that stroke
after TAVR is an independent predictor of increased mortality and morbidity, such that
patients who sustain an acute cerebrovascular event have a 6.5-fold increased risk of 30-day
mortality [9]. Considering the expansion of TAVR to low-surgical-risk patients and younger
populations, tools to identify patients at high risk for peri-procedural cerebrovascular
events are essential in order to decrease the risk of disabling stroke.

A number of devices have been developed to prevent cerebrovascular embolization
during the TAVR procedure [10]. Seeger and colleagues performed a retrospective analysis
on the use of an embolic protection device in TAVR procedures and showed a decrease
in stroke rates related to its utilization [11]. However, other randomized control trials
and observational studies, including two separate meta-analyses [12,13] that evaluated
several major randomized control trials [10,14–18], did not demonstrate a statistically
significant decrease in clinically overt stroke rates with the use of embolic protection
devices. Several studies have shown that embolic protection devices may decrease the
formation of new brain lesions, as demonstrated in diffusion-weighted magnetic resonance
imaging; however, none were associated with a reduction in clinical stroke events [10].
Therefore, embolic protection devices are used in a small minority (13%) of TAVR cases
in the United States [19]. The available data, however, may support the need for a pre-
procedural risk assessment tool and the use of protection devices in selected high-risk
patients. The TASK score was developed to provide a simple tool to identify the patients
at high risk for peri-procedural stroke, in which cerebrovascular protection may yield a
high risk–benefit ratio. Furthermore, the TASK score may be utilized in the design of future
clinical studies that evaluate the safety and efficacy of new embolic protection devices and
contribute to the identification of a specific group of patients who will benefit most from
such protection during the TAVR procedure.

Prior studies that evaluated clinical predictors of stroke after TAVR had assessed
all stroke events, including those occurring late (>48 h following the procedure) [5,7].
Those studies identified parameters such as female gender, acute renal failure, chronic
obstructive pulmonary disease, and low body weight as predictive factors [5,7]. Of note,
those proposed predictors of stroke were not evaluated according to the timing of the
event but rather to the occurrence of an event at any time during follow-up. However,
as opposed to late events, the initial 24 hours after TAVR represent a unique period of
vulnerability for acute cerebrovascular events. Stroke events occurring during this period
account for the majority of cases [20], and they may have different pathophysiology, mainly
attributable to procedural factors that are embolic in nature [21] and that result from device
manipulation within the aortic arch and the calcified aortic valve. Such manipulations may
lead to the dislodgement of micro-particles and the subsequent embolization of debris from
an atheroma or from the valve itself [5]. Thus, the predictors of stroke following TAVR
that were reported in earlier publications may not necessarily be relevant for predicting
peri-procedural events.

Despite the increased risk of stroke and the different pathophysiology of peri-procedural
stroke, few studies have explored the predictors of acute stroke by identifying technical
procedural elements such as the balloon post-dilatation, the number of implantation at-
tempts, and valve embolization [4,20]. However, none of these factors can be accounted
for during a pre-procedural evaluation, and a more practical tool is needed in order to
stratify patients according to the risk of acute stroke. Thus, the present analysis is focused
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upon pre-procedural parameters with potential impact on the likelihood of peri-procedural
cerebrovascular events. We identified a history of stroke, the use of non-balloon expandable
valves, chronic kidney disease, and peripheral vascular disease as predictors of peri-
procedural stroke, and these parameters were incorporated into the new TASK score. One
shared characteristic of all these factors is that they are available to the physician prior to
the procedure, thereby enabling pre-procedural risk stratification. Importantly, the presence
of all predictors (a TASK score = 4) was associated with a more-than-11-fold increased risk
of peri-procedural cerebrovascular events compared with patients without those factors.
The majority of the identified predictors are well-established predictors for stroke at any
time after the procedure, i.e., peripheral artery disease, chronic kidney disease, and history
of stroke. These predictors may increase the risk for stroke at any time but also during the
peri-procedural period. The emergence of the use of non-balloon expandable transcatheter
heart valves as a predictor for peri-procedural stroke may be related to increased rates of
post-dilatation [22] or other maneuvers in the aortic arch. Of note, traditional risk factors
for stroke (e.g., atrial fibrillation) were not associated with peri-procedural events, prob-
ably reflecting the homogeneity of age of this elderly group of patients and the different
pathophysiologies involved in peri-procedural versus late stroke events.

6. Limitations

The present study has several limitations. The TASK score was designed to identify
patients at high risk for peri-procedural cerebrovascular events in order to help clinicians
identify, prior to the procedure, those patients who may benefit from the implementation
of cerebrovascular protection. Therefore, procedural factors that may have a significant
impact on the risk of acute stroke were not included in the present analysis despite the fact
that they might influence the risk of stroke. Given the retrospective nature of the study and
the variability in clinical practice among participating centers, there was no standardization
in the evaluation of the patients who sustained a cerebrovascular event, no mandatory
neurological evaluation by a neurologist, and no routine assessment of the modified Rankin
scale. Additionally, not all patients underwent head computed tomography or brain
magnetic resonance imaging. All the participating sites did, however, use the VARC-2
criteria to define cerebrovascular events. Finally, information on pre-procedural CTs was
not available for all patients. Therefore, calcification severity or other CT parameters were
not integrated into the model.

7. Conclusions

In conclusion, the TASK score represents a possible stratification tool for TAVR can-
didates according to the risk of cerebrovascular events during or immediately after the
procedure. The score is comprised of clinical parameters readily available prior to under-
taking the procedure. The utilization of the TASK score may serve as an additional tool
for clinicians who are considering providing cerebrovascular protection during a TAVR
procedure to a given patient.
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Appendix A

Appendix A.1. Statistical Analysis

Categorical variables are reported as frequencies and percentages and continuous vari-
ables as means and standard deviations. Continuous data were compared with Student’s
t-test and one-way ANOVA. Categorical data were compared with the chi-square test or the
Fisher exact test. To assess the prognostic impact of a peri-procedural cerebrovascular event,
a multivariate Cox regression analysis adjusted for age, gender, ischemic heart disease,
hypertension, diabetes mellitus, peripheral vascular disease, chronic renal disease, ejection
fraction, and previous stroke was performed. Odds ratios (ORs) are reported as absolute
values and 95% confidence intervals (CIs).

Appendix A.2. TASK Score Derivation

Candidate parameters that were considered for the derivation of the TASK score
included exclusively the pre-procedural parameters that are available to the physician prior
to the procedure in order to identify pre-procedural predictors for stroke.

Univariate logistic binary regression modeling was used to evaluate the OR for peri-
procedural cerebrovascular events. The final components selected for inclusion in the TASK
score were derived using a resampling-based procedure, which aims to incorporate model
uncertainty and, thus, enhance model stability, which is the robustness of the selected model
to small perturbations of the dataset [23]. The relative impact of each of the pre-procedural
parameters in predicting stroke was determined and ranked. The frequency of each
candidate parameter in a final model derived from 1 of 1000 bootstrapped samples served
as an indication of the importance of that parameter. In each of the bootstrapped samples
(drawn with replacement from the dataset), a stepwise selection procedure was used,
where the final model was chosen based on optimizing the Schwarz Bayesian information
criterion. The factors selected in at least 20% of samples were identified as most important
(Figure A1). This resampling-based approach was implemented using the GLMSELECT
procedure in SAS software, which supports a variety of model selection models. While the
procedure fits an ordinary regression model, as discussed by Cohen et al. [24], a selection
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of good predictors for a logistic model may be identified by running the procedure against
a binary target.
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Figure A1. Predicted incidence of acute cerebrovascular event (%). Predicted incidence of peri-
procedural cerebrovascular event (%) according to the TASK score.

Parameters identified as most important were included in a multivariable logistic
regression and inspected to confirm whether equal weight can be given to each parameter
so that a TASK score can be created by counting the number of present parameters for an
individual. The C statistic was used to assess the performance of the multivariable model,
including the final factors (Appendix A).

Resampling-based metrics were utilized to preclude optimistic estimation of the C
statistic due to the overfitting of the models [25]: the optimism-corrected C statistic and the
cross-validated C statistic. The optimism-corrected C statistic was derived by resampling
the original data to produce 200 datasets. The predictive model was fitted to each of the
200 data sets in turn. Each fitted model was then applied to both the resampled dataset
from which it was generated and to the original dataset. The C statistics of both methods
were calculated, and the delta C statistic was calculated. The average of these 200 samples
formed an estimate of optimism.

The TASK score was designed by assigning a single point to each significant factor.
The TASK score was further dichotomized into four risk groups: low, intermediate, high,
and very high (0, 1, 2, 3–4 points, respectively). The prognostic value of the TASK score
was assessed using a receiver operating characteristics (ROC) analysis, producing an area
under the curve with 95% CIs. The predicted and observed incidences of peri-procedural
cerebrovascular events were compared using the Hosmer–Lemeshow test to assess the
goodness-of-fit of the model. The model was regarded as having no goodness-of-fit if
p < 0.05. In order to assess the possible effects of a procedural learning curve on the
incidence of peri-procedural cerebrovascular events and on the TASK risk score, we defined
“early” and “late” periods according to procedures performed before or after the median
procedure date, respectively.
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