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Abstract

OBJECTIVES: Stroke incidence after transcatheter aortic valve implantation (TAVI) still represents a concern. This multicentre study aimed
at investigating the hypothesis that CHADS2 and CHA2DS2-VASc scores may be used to predict perioperative stroke after TAVI.

METHODS: The Italian Transcatheter Balloon-Expandable Valve Implantation Registry (ITER) is a multicentre, prospective registry of
patients undergoing balloon-expandable TAVI using Edwards Sapien and Sapien XT prosthesis between 2007 and 2012. The primary end-
point of this study was the 30-day stroke rate. Secondary safety end-points were all the major adverse events based on Valve Academic
Research Consortium (VARC-2) criteria.

RESULTS: One thousand nine hundred and four patients were enrolled in the registry. Mean age was 81.6 ± 6.2 years and 1147 (60.2%)
patients were female; mean CHADS2 and CHA2DS2-VASc scores were 2.2 ± 0.8 and 4.4 ± 1.1, respectively. Fifty-four (2.8%) patients had a
stroke within 30 days. At multivariable logistic regression analysis, CHA2DS2-VASc (OR: 1.35, 95% CI: 1.03–1.78; P = 0.031) and previous
cardiac surgery (OR: 1.96, 95% CI: 1.06–3.6; P = 0.033) but not CHADS2 (OR: 1.05, 95% CI: 0.76–1.44; P = 0.77) were found to be independ-
ent predictors of in-hospital stroke. A CHA2DS2-VASc score ≥5 was strongly related to the occurrence of in-hospital stroke (OR: 2.51, 95%
CI: 1.38–4.57; P= 0.001). However, CHA2DS2-VASc score showed only poor accuracy for in-hospital stroke with a trend for better accuracy
when compared with CHADS2 score (area under the curve: 0.61, 95% CI: 0.59–0.63 vs 0.51; 95% CI: 0.49–0.54, respectively, P = 0.092).
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CONCLUSIONS: In TAVI patients, CHA2DS2-VASc provided a strong correlation for in-hospital stroke but with low accuracy. Dedicated
scores to properly tailor procedures and preventive strategies are needed.

Keywords: Aortic stenosis • TAVI • Stroke

INTRODUCTION

Transcatheter aortic valve implantation (TAVI) is a therapeutic
option for patients with severe symptomatic aortic stenosis ineli-
gible or at high risk for aortic valve replacement (AVR) [1, 2].

Although in recent years, the TAVI procedure has reached a
good safety profile, periprocedural stroke still represents a serious
issue, affecting short- and long-term survival [3]. The PARTNER
trial showed a higher cerebral vascular event rate at Day 30 for
TAVI compared with medical therapy or surgical aortic valve re-
placement [1, 2]. However, to the best of our knowledge, there is a
lack of dedicated scores for stroke prediction after TAVI.

CHADS2 (C: congestive heart failure; H: hypertension; A: age
≥65 years; D: diabetes mellitus; S: prior stroke or TIA or thrombo-
embolism) and CHA2DS2-VASc (C: congestive heart failure; H:
hypertension; A2: age ≥75 years; D: diabetes mellitus; S: prior
stroke or TIA or thromboembolism; V: vascular disease; A: age 65–
74 years; Sc: sex category) scores are validated tools used to esti-
mate overall stroke risk in patients with atrial fibrillation (AF) [4,5].
Recently, it has been shown that these scores may be useful for
predicting stroke also in different clinical settings such as in acute
coronary syndrome patients [6]. Interestingly, their predictive per-
formances seemed to be irrespective of AF presence [7].

Consequently, the aim of our study was to investigate the hy-
pothesis that CHADS2 and CHA2DS2-VASc scores may be used to
predict stroke after TAVI.

METHODS

Study population

The ITER (Italian Transcatheter Balloon-Expandable Valve
Implantation Registry) is a multicentre registry involving 33 centres
in Italy. All consecutive patients undergoing balloon-expandable
TAVI at each centre between 2007 and 2012, regardless of the
access, were enrolled in this registry. All procedures were per-
formed using Edwards Sapien and Sapien XT prosthesis. Data were
collected at each study site and then anonymously sent to the
University of Turin for storage and analysis. Ethic committees
approved data collection and patient informed consent was always
obtained. As this is a real-world all-comers experience, patient
selection and procedure strategy were done according to single site
policies, experience and protocols.

End-points

The primary end-point of this analysis was the in-hospital stroke.
Secondary safety end-points were all the major adverse events
based on Valve Academic Research Consortium (VARC-2) criteria [8].

Data analysis and definitions

Data were divided into two groups based on the occurrence of
stroke for the analysis of baseline, echocardiographic, procedural
characteristics and end-points. The CHADS2 and CHA2DS2-VASc

scores were calculated for all patients. Incidences of the primary
and secondary end-points were also presented according to
CHA2DS2-VASc classes (low <2, intermediate 2–4 and high ≥5)
and to CHADS2 classes (low 0–1, intermediate 2 and high ≥3).
Preoperative risk factors were defined according to the
EuroSCORE (ES) 2 [9] classification. Postoperative outcomes were
defined according to the updated VARC-2 definitions. The echo-
cardiographic measurements were performed according to the
current recommendations of the European and American
Societies of Echocardiography [10].

Statistical analysis

Continuous data are expressed by mean and standard deviation
or median and interquartile range as appropriate. Categorical
values were compared by the χ2 or the Fisher’s exact test for
expected cell frequencies <5. Continuous variables were com-
pared by the t-test. All periprocedural variables significantly asso-
ciated (with a P-value <0.10) for in-hospital stroke were
incorporated into multivariable logistic regression analysis. Three
models were run separately for CHADS2, CHA2DS2-VASc and
CHA2DS2-VASc ≥5. The three different risk scores entered into the
models were forced into the multivariable model as per the study
objectives. For each model, discrimination was tested with an area
under the curve (AUC) and calibration with Hosmer–Lemeshow
test. Missing data were excluded from the multivariable models
(case-complete analysis). For the primary end-point, predictive
accuracy of CHADS2 and CHA2DS2-VASc scores was tested with
AUC. AUCs of CHADS2 and CHA2DS2-VASc scores were compared
according to Hanley and McNeil [11]. Patients were divided into
CHADS2 and CHA2DS2-VASc risk classes according to the value of
CHADS2 and CHA2DS2-VASc, which performed the most accurate
to predict low, medium or high risk of stroke using receiver oper-
ating characteristic (ROC) analysis models. The effects of reclassifi-
cation using CHA2DS2-VASc versus CHADS2 score were then
assessed, estimating the net reclassification improvement (NRI).
The NRI focuses on reclassification tables and quantifies the correct
movement in the right category offered by the new model [12].
A P-value <0.05 indicated statistical significance. Sensitivity ana-

lysis was performed according to the presence or absence of AF.
All statistical analyses were performed with the use of SPSS,
version 20 (IBM Corp., Armonk, NY, USA).

RESULTS

One thousand nine hundred and four patients were enrolled in
the registry. Mean age was 81.6 ± 6.2 years; 1147 (60.2%) patients
were female; mean CHADS2 and CHA2DS2-VASc scores were
2.2 ± 0.8 and 4.4 ± 1.1, respectively. Fifty-four (2.8%) patients had a
stroke after TAVI within in-hospital stay. Patients who suffered a
stroke presented more frequently with peripheral vascular disease
and a history of previous cardiac surgery. Patients who had a
stroke showed also a significantly higher CHA2DS2-VASc score (4.8
vs 4.3%, P = 0.005) and a higher proportion of CHA2DS2-VASc ≥5
(68.5 vs 43.8%, P = 0.001). Baseline clinical, echocardiographic and
procedural characteristics are summarized in Table 1.
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No differences were recorded in procedural complications in
patients who did or did not have stroke, except for device embol-
ization that was significantly related to stroke (Table 2).

Patients who suffered an in-hospital stroke had a significantly
higher mortality (25.9 vs 6.6%, P = 0.001), a significantly higher in-
cidence of bleeding driven by higher incidences of both life threa-
tening and major bleeding (18.5 vs 9.6% and 18.5 vs 10.6%,
respectively, P = 0.024) and higher incidence of acute kidney
injury (7.8 vs 22.2%; P = 0.001). Of note, new onset of AF was not
related to higher stroke rate. Detailed in-hospital outcomes are
reported in Table 3.

Outcomes according to CHADS2 classes

Three hundred and six (16.1%) patients had a low CHADS2 score,
973 (51.1%) intermediate and 625 (32.8%) high. Patients in the
three classes had similar rates of in-hospital complications. In

particular, no differences in stroke rates were detected (3.3, 2.4
and 3.4%, P= 0.45) (Fig. 1).

Outcomes according to CHA2DS2-VASc classes

Sixty-eight (3.6%) patients had a low CHA2DS2-VASc score, 989
(51.9%) intermediate and 847 (44.5%) high. Patients in the higher
CHA2DS2-VASc classes had a significantly higher incidence of
in-hospital stroke (0, 1.7 and 4.4%, P = 0.001) and presented a
trend for higher mortality (2.9, 6.9 and 7.9%, P = 0.26) (Fig. 2).

Independent predictors of in-hospital stroke

At multivariable logistic regression analysis, CHA2DS2-VASc (OR:
1.35, 95% CI: 1.03–1.78; P = 0.031) and previous cardiac surgery
(OR: 1.96, 95% CI: 1.06–3.6; P = 0.033) but not CHADS2 (OR: 1.05,

Table 1: Baseline clinical, procedural and echocardiographic characteristics

All (n = 1904) No stroke (n = 1850) Stroke (n = 54) P-value

Age (years) 81.7 ± 6.2 81.7 ± 6.2 81.2 ± 7 0.58
Female gender 1147 (60.2) 1115 (60.3) 32 (59.3) 0.88
Body mass index (m2) 25.8 ± 4.5 25.8 ± 4.5 25.6 ± 4.3 0.69
Hypertension 1553 (81.6) 1505 (81.4) 48 (88.9) 0.16
Diabetes mellitus 491 (25.8) 473 (25.6) 18 (33.3) 0.2
Insulin-treated diabetes mellitusa 182 (9.6) 173 (9.4) 9 (16.7) 0.072
Peripheral vascular diseasea 674 (35.4) 647 (35) 27 (50) 0.023
COPD 468 (24.6) 451 (24.4) 17 (31.5) 0.23
Previous stroke 182 (9.6) 175 (9.5) 7 (13) 0.39
Previous cardiac surgerya 352 (18.5) 335 (18.1) 17 (31.5) 0.01
Previous myocardial infarctiona 371 (19.5) 356 (19.2) 15 (27.8) 0.067
New York Heart Association functional class
I 51 (2.7) 51 (2.8) 0 0.27
II 317 (16.7) 304 (16.4) 13 (24.1)
III 1294 (68.0) 1261 (68.2) 33 (61.1)
IV 242 (12.7) 234 (12.6) 8 (14.8)

LVEF % 53.5 ± 12.3 53.5 ± 12.4 52.6 ± 11.1 0.58
LVEF <30% 80 (4.2) 79 (4.3) 1 (1.9) 0.38
Glomerular filtration rate (ml/min)a 44.4 ± 19.8 44.5 8 ± 19.9 39.5 ± 15.5 0.063
Creatinine >2.2 mg/dl or dialysis 152 (8.0) 145 (7.8) 7 (13) 0.17
Haemoglobin (g/dl) 11.8 ± 1.6 11.8 ± 1.5 12 ± 1.7 0.52
Baseline rhythm
Sinus rhythm 1357 (71.3) 1320 (71.4) 37 (68.5) 0.71
Atrial fibrillation 414 (21.7) 400 (21.6) 14 (25.9)
Pace maker 133 (7.0) 130 (7) 3 (5.6)

Porcelain aorta 185 (9.7) 178 (10.3) 7 (13) 0.53
Logistic EuroSCORE 2 7.2 ± 6.7 7.2 ± 6.7 8.6 ± 7.2 0.22
STS mortality score (%) 9.2 ± 7.6 9.2 ± 7.6 9.8 ± 5.7 0.61
CHADS2

a 2.2 ± 0.8 2.2 ± 0.8 2.3 ± 0.8 0.76
CHADS2>3

a 625 (32.8) 604 (32.6) 21 (38.9) 0.34
CHA2DS2-VASc

a 4.4 ± 1.1 4.3 ± 1.1 4.8 ± 1 0.005
Systolic pulmonary artery pressure (mmHg) 42.1 ± 13 42.1 ± 12.9 44.2 ± 14 0.25
sPAP ≥60 mmHg 200 (10.5) 191 (10.3) 9 (16.7) 0.13
Mean aortic gradient (mmHg)a 50.2 ± 15.0 50.4 ± 15 45.3 ± 14.9 0.015
Aortic valve area (indexed) 0.45 ± 0.14 0.48 ± 0.16 0.46 ± 0.14 0.18
BAV bridge to TAVI 221 (11.6) 216 (11.7) 5 (9.3) 0.59
Kind of valve
Edwards SAPIEN 601 (31.6) 584 (31.6) 17 (31.5) 0.98
SAPIEN XT 1303 (68.4) 1266 (68.4) 37 (68.5)

Data are expressed as mean ± SD or n (%).
BAV: balloon aortic valvuloplasty; COPD: chronic obstructive pulmonary disease; LVEF: left ventricle ejection fraction; sPAP: systolic pulmonary artery pressure;
STS: Society of Thoracic Surgeons; TAVI: transcatheter aortic valve implantation.
aUsed in the multivariable analysis.
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95% CI: 0.76–1.44; P = 0.77) were found to be independently
related to in-hospital stroke. At sensitivity analysis, the presence or
the absence of AF did not alter these results. A CHA2DS2-VASc
score ≥5 was strongly related to the occurrence of in-hospital
stroke (OR: 2.51, 95% CI: 1.38–4.57; P = 0.001) (Table 4).

Predictive accuracy of CHADS2 and CHA2DS2-VASc

CHA2DS2-VASc score showed a trend for better accuracy for
in-hospital stroke when compared with CHADS2 score (AUC: 0.61,
0.59–0.63 vs 0.51, 0.49–0.54, respectively, P = 0.09) (Fig. 3). The
overall NRI calculated for CHA2DS2-VASc score compared with
CHADS2 score was of 15.3%, P = 0.001.

DISCUSSION

The present study is the first attempt to evaluate the ability of
CHADS2 and CHA2DS2-VASc scores to predict cerebral events
after TAVI. The most important findings of our analysis are as
follows: (i) in our real-world TAVI registry, stroke incidence is low,
but it significantly affects in-hospital mortality, (ii) CHA2DS2-VASc
but not CHADS2 is independently related to the risk of stroke and
(iii) both CHA2DS2-VASc and CHADS2 presented low accuracy.

Stroke may represent a serious complication occurring during
or after TAVI. The most likely causes of periprocedural brain injury

include embolization owing to direct manipulation of the athero-
sclerotic arch and the calcified native valve during positioning and
implantation of the valves [13]. In the PARTNER trial, incidence of
periprocedural stroke was higher in TAVI patients compared with
medical therapy or surgical AVR [1, 2]. However, more recent trials
have shown a reduction of cerebral events after TAVI with no dif-
ference compared with surgery [14, 15]. Similarly to previous
studies, in our registry stroke, incidence was low (2.8%).
CHADS2 is an easy-to-use classification scheme that estimates

stroke risk in patients who have non-rheumatic AF [5]. To create
CHADS2, 2 points are given for a history of prior cerebral ischae-
mia and 1 point is given for the presence of other risk factors
(recent congestive heart failure, hypertension, age 75 years or
older and diabetes). CHA₂DS₂-VASc was developed to be more in-
clusive of common stroke risk modifiers and to further improve
stroke risk stratification. It includes three adjunctive risk factors:
female gender, vascular disease and age between 65 and 74 years
old. Interestingly, the pre-stroke CHA2DS2-VASc score showed
better ability than the CHADS2 score in estimating 3-month stroke
outcomes in patients with and without AF [16].
Recently, it has been shown that CHADS2 score may also be

predictive for MACE (such as myocardial infarction and cardiovas-
cular mortality) [17, 18].
Although stroke significantly worsens short- and mid-term

prognosis after TAVI, with an �3.5-fold higher mortality [18], only
a few studies have been dedicated to evaluate predictors of cere-
bral events after TAVI [19].

Table 2: Procedural complications

All (n = 1904) No stroke (n = 1850) Stroke (n = 54) P-value

Prosthesis embolization 12 (0.6) 10 (0.5) 2 (3.7) 0.04
Need for extracorporeal circulation 32 (1.7) 30 (1.6) 2 (3.7) 0.23
Conversion to sternotomy 32 (1.7) 31 (1.7) 1 (1.9) 0.61
Apex complications 33/629 (1.7) 30 (1.6) 3 (5.6) 0.07
Need for external cardiac massage 63 (3.3) 59 (3.2) 4 (7.4) 0.10
Coronary occlusion 22 (1.2) 22 (1.2) 0 0.99
Aortic dissection 26 (1.4) 25 (1.4) 1 (1.9) 0.53
Bail-out valve-in-valve 10 (0.5) 9 (0.5) 1 (1.9) 0.25
Conversion to AVR 10 (0.5) 9 (0.5) 1 (1.9) 0.25

Table 3: Perioperative outcomes according to the updated Valve Academic Research Consortium (VARC-2) definitions

All (n = 1904) No stroke (n = 1850) Stroke (n = 54) P-value

Device in success 227 (11.9) 218 (11.8) 9 (16.7) 0.28
VARC mortality 137 (7.2) 123 (6.6) 14 (25.9) 0.001
Acute myocardial infarction 29 (1.6) 28 (1.5) 1 (1.9) 0.99
Bleeding
Life threatening 186 (9.8) 176 (9.6) 10 (18.5) 0.024
Major 200 (10.5) 190 (10.4) 10 (18.5)
Minor 110 (5.8) 107 (5.8) 3 (5.6)

Vascular complication
Major 177 (9.3) 172 (9.3) 5 (9.3) 0.33
Minor 131 (6.9) 130 (7.0) 1 (1.9)

Acute kidney injury (AKIN) grade 2–3 156 (8.2) 144 (7.8) 12 (22.2) 0.001
Pace maker implantation (before discharge) 116 (6.1) 111 (6) 5 (9.3) 0.37
New onset atrial fibrillation 170 (9) 163 (8.9) 7 (13) 0.31
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Similarly to previous findings [20], in our registry, patients
who suffered a stroke had a significantly higher mortality (25.9 vs
6.6%, P = 0.001). Identifying patients at high risk of stroke during
TAVI procedure may, therefore, be helpful in patient selection
and trigger the adoption of stronger preventive strategies as
less-traumatic devices, avoidance of extensive manipulations and
active cerebral protection [21]. Fairbairn et al. [22] demonstrated
that age, severity of aortic arch atheroma and catheterization time
were stroke risk factors, whereas the report of Miller et al. [23]

showed the independent power of smaller aortic valve area index
which is usually associated with a higher degree of valve calcifica-
tion. Interestingly, in the latter study as in our registry, AF was not
identified to be a risk factor for neurological events after TAVI
underlying the stronger link existing between stroke and implant-
ation at least in the early phase.
These factors (mainly age and atherosclerotic burden) are part

of both CHADS2 and CHA2DS2-VASc. In addition, CHA2DS2-VASc
score also presents female gender and peripheral artery disease as

Figure 1: Crude rates of in-hospital outcomes according to CHADS2 score classes.

Figure 2: Crude rates of in-hospital outcomes according to CHA2DS2-VASc score classes.
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risk factors: both these factors have been previously related to
a less-successful outcome after TAVI [24, 25]. Consequently, it
could easily explain the strong correlation we found between
CHA2DS2-VASc score TAVI-related cerebrovascular injury. In fact,
we found the risk of stroke to be 2.5 times higher in TAVI patients
with CHA2DS2-VASc score ≥5 than in patients with low
CHA2DS2-VASc score.

As already demonstrated in different clinical settings [6],
the CHA2DS2-VASc score seems to be related to mortality also

in TAVI patients, showing a trend of higher mortality in higher
CHA2DS2-VASc classes.
However, ROC curve analysis showed that accuracy of

CHA2DS2-VASc score, although better than accuracy of CHADS2
score, remains poor. Probably, the clinical features represented in
CHA2DS2-VASc scores are good stroke predictors in TAVI patients
but are weighted on a different setting (non-rheumatic AF), conse-
quently explaining the low accuracy of the score.
In conclusion, in TAVI patients, CHA2DS2-VASc provided a

strong correlation for in-hospital stroke but with poor accuracy.
Dedicated scores to properly tailor procedures and preventive
strategies are needed.

Limitations

The present study has several limitations. The main limit is the ob-
servational design because differences in baseline characteristics
or in selection criteria, which might not have been recorded,
could affect the present results. Data were self-adjudicated and
there was no external adjudication of events. The number of
patients enrolled at each centre was heterogeneous. The limited
number of events may represent another limit for calibration of
the multivariable model. Missing data were <2% for all the base-
line variables and outcomes data. In particular, missing data
for the variables included in the regression models were 1.1%
(21/1904).
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Table 4: Predictors of in-hospital stroke

Covariates OR 95% CI P-value

Model 1
Previous myocardial infarction 1.02 0.71–1.47 0.91
Insulin-treated diabetes 1.36 0.62–2.97 0.15
Glomerular filtration rate (ml/min) 0.99 0.97–1.01 0.069
Previous cardiac surgery 1.97 1.06–3.67 0.031
CHADS2 1.05 0.76–1.44 0.77

Model 2
Previous myocardial infarction 0.98 0.68–1.41 0.91
Insulin-treated diabetes 1.36 0.62–2.96 0.45
Glomerular filtration rate (ml/min) 0.99 0.97–1.01 0.12
Previous cardiac surgery 1.96 1.06–3.60 0.033
CHADS2-VASc2

a 1.35 1.03–1.78 0.031
Model 3
Previous myocardial infarction 0.98 0.68–1.40 0.89
Insulin-treated diabetes 1.32 0.61–2.83 0.47
Glomerular filtration rate (ml/min) 0.99 0.97–1.01 0.12
Previous cardiac surgery 1.96 1.06–3.60 0.033
CHADS2-VASc2>5

a 2.51 1.38–4.57 0.001

At Hosmer–Lemeshow test P= 0.35 for Model 1, P= 0.62 for Model 2
and P= 0.09 for Model 3.
aThree models were run separately for these variables. Area under the
curve test resulted, respectively, 0.62 for Model 1, 0.65 for Model 2 and
0.67 for Model 3.

Figure 3: Receiver operating characteristic (ROC) curves for in-hospital stroke of
CHA2DS2-VASc score (AUC: 0.61, 95% CI: 0.59–0.63) and CHADS2 score (AUC:
0.51, 95% CI: 0.49–0.54).
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