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Abstract: Background: The CHADS2, CHA2DS2-VASc, ATRIA, and Essen scores have been devel-
oped for predicting vascular outcomes in stroke patients. We investigated the association between
these stroke risk scores and unsuccessful recanalization after endovascular thrombectomy (EVT).
Methods: From the nationwide multicenter registry (Selection Criteria in Endovascular Thrombec-
tomy and Thrombolytic therapy (SECRET)) (Clinicaltrials.gov NCT02964052), we consecutively
included 501 patients who underwent EVT. We identified pre-admission stroke risk scores in each
included patient. Results: Among 501 patients who underwent EVT, 410 (81.8%) patients achieved
successful recanalization (mTICI ≥ 2b). Adjusting for body mass index and p < 0.1 in univariable anal-
ysis revealed the association between all stroke risk scores and unsuccessful recanalization (CHADS2

score: odds ratio (OR) 1.551, 95% confidence interval (CI) 1.198–2.009, p = 0.001; CHA2DS2VASc
score: OR 1.269, 95% CI 1.080–1.492, p = 0.004; ATRIA score: OR 1.089, 95% CI 1.011–1.174, p = 0.024;
and Essen score: OR 1.469, 95% CI 1.167–1.849, p = 0.001). The CHADS2 score had the highest AUC
value and differed significantly only from the Essen score (AUC of CHADS2 score; 0.618, 95% CI
0.554–0.681). Conclusion: All stroke risk scores were associated with unsuccessful recanalization after
EVT. Our study suggests that these stroke risk scores could be used to predict recanalization in stroke
patients undergoing EVT.

Keywords: ischemic stroke; stroke risk score; recanalization; thrombectomy

1. Introduction

Endovascular thrombectomy (EVT) plays a pivotal role in improving the prognosis
by recanalizing occluded blood vessels in stroke patients [1]. With the recent success of
trials on EVT, the number of patients receiving EVT continues to increase [1–5]. Moreover,
the time window for EVT has also expanded [4,5]. Nevertheless, a significant number of
patients who underwent EVT did not achieve successful recanalization [6]. As unsuccessful
recanalization predictably leads to poor patient prognosis, it is important to identify the
factors associated with unsuccessful recanalization. Factors associated with such unsuc-
cessful recanalization include greater age, stroke severity, occlusion due to atherosclerosis,
and thrombus burden [7–9]. Nonetheless, further research is still needed to identify the
factors involved in unsuccessful recanalization [7–9].

Several stroke risk scores have been developed for predicting the clinical outcome or
the occurrence of stroke. The CHADS2 [10], CHA2DS2-VASc [11], and ATRIA scores [12] are
mainly used to predict thromboembolic risk and vascular outcome in atrial fibrillation (AF)
patients. The Essen stroke risk score predicts vascular events in patients without AF [13].
As these stroke risk scores are mainly composed of risk factors and easily identifiable
laboratory findings, they have the advantage of being able to easily predict the occurrence
of stroke or prognosis.

We hypothesized that stroke risk scores would be associated with unsuccessful recanal-
ization in patients undergoing EVT. Hence, the purpose of this study was to investigate the
association between increased CHADS2, CHA2DS2-VASc, ATRIA, and Essen scores and
the results of recanalization after EVT.

2. Methods
2.1. Study Population

Our study included patients from the Selection Criteria in Endovascular Thrombec-
tomy and Thrombolytic therapy (SECRET) registry (Clinicaltrials.gov NCT02964052). The
selection criteria and the definition of included variables in this registry have been pub-
lished [14]. In brief, the SECRET registry is a nationwide, multicenter registry that included
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patients undergoing reperfusion therapy such as EVT [14]. The SECRET registry did not
establish strict inclusion or exclusion criteria for reperfusion therapy and recommended
treatment according to the updated guideline at the time of treatment. Furthermore, the
doctor of each institution determined whether to administer reperfusion therapy, and all
patients who underwent reperfusion therapy were consecutively registered in the SECRET
registry. All registered clinical and imaging information was reinvestigated and rechecked
by the core laboratory after the anonymization process. The demographic data, risk fac-
tors for cardiovascular disease, medication history of prior index stroke, blood and urine
laboratory examination results, time parameters for reperfusion therapy, neurologic status
including severity, and image findings related to reperfusion therapy were investigated.

Between January 2012 and December 2017, we retrospectively enrolled patients who
received reperfusion thrombolysis and were consecutively registered in 15 hospitals. In
addition, between November 2016 and December 2017, we prospectively enrolled patients
who received reperfusion thrombolysis from 13 hospitals. A total of 1231 patients who
underwent reperfusion thrombolysis were included, of which 507 patients underwent EVT.
Finally, 501 patients who underwent EVT were included, excluding 6 patients, for whom
information about the modified thrombolysis in cerebral infarction (mTICI) grade was
not acquired (Figure 1). Written informed consent was obtained from the prospectively
included patients or their next caregivers. Our Institutional Review Board approved our
study (Yonsei University College of Medicine, 4-2015-1196).
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Stroke severity was defined using the National Institutes of Health Stroke Scale
(NIHSS) score, and the neurologic change after 24 h of EVT was defined as the difference
between the initial NIHSS score and the NIHSS score at 24 h (Initial NIHSS score—NIHSS
score at 24 h = change in NIHSS score after 24 h). Therefore, if this value was positive, it
means neurological improvement, 0 means no improvement, and negative means neuro-
logical worsened. Time parameters of EVT were acquired from onset-to-start of EVT (onset
to puncture time) and administration of intravenous (IV) thrombolysis (tissue plasminogen
activator, tPA) to start of EVT (needle to puncture time) [14]. In case of unclear symptom
onset time, the last normal time (LNT) when the patient was asymptomatic was considered
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as the time of onset. Computed tomography (CT), CT angiography, magnetic resonance
imaging (MRI), MR angiography, and digital subtraction angiography (DSA) images were
acquired during the admission period.

Data related to reperfusion therapy, for example, the administration of IV thrombolysis,
the total trial number of stent-retriever passes and the types of devices were investigated.
Intra-arterial (IA) thrombolysis without IV tPA is defined as first-line therapy with EVT,
who are contraindicated for IV tPA. Combined IV/IA thrombolysis is defined as IV tPA
administration prior to EVT who could be treated with IV tPA within 4.5 h after symptom
onset. The status of reperfusion therapy was investigated in the patients who underwent
EVT using the final angiographic findings, including the DSA, and graded based on the
mTICI grade. For the outcome parameter, a grade of mTICI 2b or 3 was defined as successful
recanalization, and a grade of mTICI 0–2a was defined as unsuccessful recanalization. EVT
was performed using a stent-retriever technique, a direct aspiration first pass technique
(ADAPT), and the Solumbra technique. The first-line technique is based on the clinical
situation of each center and each patient. If the first-line technique is unsuccessful, the
second-line technique is used. Stent-retriever alone was defined as using only a stent-
retriever as a first-line technique and not using ADAPT or the Solumbra technique as
the second-line technique. Aspiration alone was defined as using ADAPT as a first-line
technique and not using any other device as a second-line technique. The type of device
used for each technique was based on operator preference (typically Solitaire FR device,
Trevor stent device, and Penumbra).

2.2. The Stroke Risk Scoring Systems

We identified pre-admission CHADS2, CHA2DS2-VASc, ATRIA, and Essen scores
for each patient. The variables included in each scoring system are set according to the
existing definition. The CHADS2 and CHA2DS2-VASc scores, congestive heart failure,
hypertension, age, diabetes mellitus (DM), previous stroke history, vascular diseases,
and sex were included as scoring variables [10,11]. The ATRIA score included age, sex,
hypertension, DM, congestive heart failure, presence of proteinuria, and kidney dysfunction
(estimated glomerular filtration rate <45 mL/min per 1.73 m2) as scoring parameters [12].
The Essen score included age, hypertension, DM, previous stroke history, myocardial
infarction history, peripheral arterial occlusive disease, and other vascular diseases [13].

2.3. Statistical Analyses

Continuous variables and categorical variables were analyzed using an independent t-
test or Mann–Whitney U test and the chi-square test or Fisher’s exact test, respectively. Uni-
and multivariable logistic regression was performed to evaluate factors for unsuccessful
recanalization. Body mass index (BMI) and onset to puncture time, which are important
cofounders for unsuccessful recanalization, and p < 0.1 (excluding age and DM, which
are common overlapping variables for all stroke risk scores) from the univariable analysis
were entered in multivariable analysis. The results of uni- and multivariable analyses were
expressed as odds ratios (ORs) and 95% confidence intervals (CIs). Because the risk of
vascular outcome increased as the stroke risk scores increased, the main outcome was
defined as unsuccessful recanalization in this study. Subgroup analyses were performed,
including demographic data, classical vascular risk factors, and stroke risk scores, and
were dichotomized by the median values and the optimal cut off values. The interaction
between unsuccessful recanalization and each subgroup was investigated with a two-tailed
test in the logistic regression analyses. For the sensitivity analysis, we further analyzed all
stroke risk scores for patients with AF-related stroke only.

For evaluating the predictability of CHADS2, CHA2DS2-VASc, ATRIA, and Essen
scores, receiver operating characteristic (ROC) curve analysis and area under the curve
(AUC) were investigated. The AUC was calculated and the optimal cutoff values of the
stroke risk scores were defined at the level with the highest Youden index (sensitivity
+ specificity − 1). The AUC of each stroke risk score was compared to determine whether
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there was a difference in the predictability of unsuccessful recanalization among the stroke
risk scores. We utilized the multivariable model as the benchmark to assess the role of
stroke risk scores in enhancing the risk prediction for unsuccessful recanalization in EVT
patients. We compared AUCs to assess model discrimination and calculated net reclas-
sification improvement (NRI) and the integrated discrimination improvement (IDI). All
statistical analyses were performed using SPSS (version 25.0, IBM Corp., Chicago, IL, USA)
and open-source statistical package R version 3.6.3 (R Project for Statistical Computing,
Vienna, Austria). All variables needed a p < 0.05 to be considered statistically significant.

3. Results
3.1. Study Population

A total of 501 patients were included in this study. Patient demographics and in-
formation on risk factors and variables are summarized in Table 1. Of the 501 patients
receiving EVT, 234 patients (46.7%) were female, and the mean age was 76.2 ± 13.3 years.
The median value of the NIHSS scores of all patients was 15 (10–19, interquartile range
(IQR)). IV thrombolysis was administered to 202 patients (40.3%), and the mean value of
the onset to needle time was 119.9 ± 97.3 min. In all patients who underwent EVT, the
mean value of the onset to puncture time was 354.6 ± 440.0 min, the mean value of the
needle to puncture time was 78.7 ± 50.8 min, stent-retriever alone was used in 371 patients
(74.0%), aspiration alone in 25 patients (4.9%), and combined stent-retriever and aspira-
tion in 90 patients (17.9%). Among the patients who underwent stent-retriever alone and
combined stent-retriever/aspiration, information about the stent device was obtained from
440 patients: the Solitaire FR device was used in 377 (85.6%) patients, the Trevor stent
device in 58 (13.1%) patients, and both stent devices in only 5 (1.1%) patients. The mean
value of the number of stent-retriever passes was 2.1 ± 1.9. Among the patients who
underwent aspiration alone and combined stent-retriever/aspiration, aspiration device
information was obtained from 92 patients: the Penumbra aspiration system was used in
55 (59.7%) patients and an intermediate catheter device in 37 (40.2%) patients.

Among all included patients, 410 (81.8%) patients achieved successful recanalization
(mTICI ≥ 2b). The onset to recanalization measured only for patients who successfully
recanalized (mTICI 2b/3) was 429.5 ± 481.4 min.

3.2. Association of Stroke Risk Scores with Recanalization Status

In the successful recanalization group, the proportion of patients with DM was lower
(53.1% vs. 70.3%, p = 0.004), and there were more patients with coronary disease (31.2%
vs. 17.5%, p = 0.013). Patients in the successful recanalization group had lower initial
NIHSS scores (median 15 (IQR 10–19) vs. median 17 (IQR 12–20.5), p = 0.020) and the
change in NIHSS scores after 24 h was greater (Initial NIHSS score—NIHSS score at 24 h,
median 5 (IQR 0–10) vs. median 0 (IQR −2–3), p < 0.001) than those in the unsuccessful
recanalization group. Combined IA/IV thrombolysis was significantly associated with
successful recanalization (p = 0.030). In patients who administration of tPA prior to EVT,
the time interval of the needle to puncture was significantly shorter in the successful
recanalization group (111.8 ± 50.1 vs. 73.6 ± 49.1, p < 0.001). The stent-retriever alone was
associated with successful recanalization (p = 0.035). However, aspiration alone (p = 0.035)
was associated with unsuccessful recanalization. In patients who received stent-retrievers,
the number of stent passes was significantly lower in the successful recanalization group
(2.9 ± 2.8 vs. 2.0 ± 1.6, p = 0.002). In laboratory tests, both initial glucose level after
admission (152.9 ± 54.3 mg/dL vs. 140.2 ± 49.7 mg/dL, p = 0.042) and fasting glucose
level after admission (148.8 ± 52.9 mg/dL vs. 128.9 ± 46.9 mg/dL, p = 0.002) were lower
in the successful recanalization group. All stroke risk scores were significantly lower in
the successful recanalization group (CHADS2 score; median 2 (IQR 1–3) vs. 3 (IQR 2–3),
p < 0.001) (CHA2DS2VASc score; median 3 (IQR 2–4] vs. 4 (IQR 3–5], p = 0.002) (ATRIA
score; median 7 (IQR 3–9) vs. 9 (IQR 6–10), p = 0.002) (Essen score; median 3 (IQR 2–4) vs.
4 (IQR 3–4), p = 0.034) (Table 1).



J. Clin. Med. 2022, 11, 274 6 of 13

Table 1. Clinical and imaging characteristics according to the degree of recanalization.

Total
(n = 501)

Unsuccessful
Recanalization

mTICI ≤ 2a
(n = 91)

Succeesful
Recanalization

mTICI 2b/3
(n = 410)

p-Value

Age, years, mean (SD) 76.2 ± 13.3 78.7 ± 14.1 75.6 ± 13.0 0.059
Female, (%) 234 (46.7%) 46 (50.6%) 188 (45.9%) 0.486

BMI (kg/m2), mean (SD) 20.6 ± 4.1 20.3 ± 4.8 20.6 ± 4.0 0.519
Vascular risk factors

Hypertension, (%) 376 (75.1%) 74 (81.3%) 302 (73.7%) 0.163
Diabetes mellitus, (%) 282 (56.3%) 64 (70.3%) 218 (53.2%) 0.004

Hypercholesterolemia, (%) 217 (43.3%) 37 (40.7%) 180 (43.9%) 0.654
Current smoking, (%) 83 (16.6%) 19 (20.9%) 64 (15.6%) 0.286

eGFR < 60 mL/min, (%) 243 (48.5%) 51 (56.0%) 192 (46.8%) 0.140
Comorbidities

Atrial fibrillation (%) 265 (52.9%) 51 (56.0%) 214 (52.2%) 0.583
Heart failure, (%) 43 (8.6%) 11 (12.1%) 32 (7.8%) 0.266

Coronary disease, (%) 144 (28.7%) 16 (17.6%) 128 (31.2%) 0.013
Peripheral artery disease, (%) 17 (3.4%) 6 (6.6%) 11 (2.7%) 0.123

Previous infarction, (%) 118 (23.6%) 23 (25.3%) 95 (23.2%) 0.771
Previous hemorrhage, (%) 27 (5.4%) 7 (7.7%) 20 (4.9%) 0.413

Medication before admission
Prior antiplatelet therapy, (%) 156 (31.1%) 29 (31.9%) 127 (31.0%) 0.967

Prior anticoagulant therapy, (%) 88 (17.6%) 12 (13.2%) 76 (18.5%) 0.053
Prior statin therapy, (%) 152 (30.3%) 21 (23.1%) 131 (32.0%) 0.124

Initial NIHSS score, median (IQR) 15 (10–19) 17 (12–20.5) 15 (10–19) 0.020
Change in NIHSS score after 24 h, median (IQR) 4 (0–9) 0 (−2–3) 5 (0–10) <0.001

Treatment
IA thrombolysis without IV tPA, (%) 299 (59.7%) 64 (70.3%) 235 (57.3%) 0.030
Combined IV/IA thrombolysis *, (%) 202 (40.3%) 27 (29.7%) 175 (42.7%) 0.030

Stent-retriever alone, (%) 371 (74.1%) 52 (57.1%) 319 (77.8%) <0.001
Aspiration alone, (%) 25 (5.0%) 9 (9.9%) 16 (3.9%) 0.035

Combined stent-retriever/aspiration **, (%) 90 (18.0%) 15 (16.5%) 75 (18.3%) 0.521
Number of stent-retriever passes, mean (SD) 2.1 ± 1.9 2.9 ± 2.8 2.0 ± 1.6 0.002

Onset to puncture, min, mean (SD) 354.6 ± 440.0 370.1 ± 293.5 351.1 ± 466.6 0.621
LNT-to-puncture time (within 6 h) 350 (69.9%) 60 (65.9%) 290 (70.7%) 0.438

Arterial occlusion site
Any ICA, (%) 94 (18.8%) 16 (17.6%) 78 (19.0%) 0.865

MCA, (%) 127 (25.4%) 18 (19.8%) 109 (26.6%) 0.224
ACA, (%) 7 (1.4%) 1 (1.1%) 6 (1.5%) >0.99
PCA, (%) 8 (1.6%) 1 (1.1%) 7 (1.7%) 0.259
V-B, (%) 40 (8.0%) 10 (11.0%) 30 (7.3%) 0.340

Tandem lesion 24 (4.8%) 5 (5.5%) 19 (4.6%) 0.939
Stroke etiology 0.380
Cardioembolic 270 (53.9%) 49 (53.9%) 221 (53.9%)

Large artery atherosclerosis 83 (16.6%) 19 (20.9%) 64 (15.6%)
Undetermined or others 148 (29.5%) 23 (25.3%) 125 (30.5%)

Laboratory results
Initial glucose †, mg/dL 145.3 ± 51.4 152.9 ± 54.3 140.2 ± 49.7 0.042

Fasting glucose ‡, mg/dL 135.5 ± 51.7 148.8 ± 52.9 128.9 ± 46.9 0.002
Pre-admission stroke risk score,

score, median (IQR)
CHADS2 score 2.1 ± 1.0 3 (2–3) 2 (1–3) <0.001

CHA2DS2VASc score 3.4 ± 1.6 4 (3–5) 3 (2–4) 0.002
ATRIA score 6.7 ± 3.6 9 (6–10) 7 (3–9) 0.002
Essen score 3.3 ± 1.4 4 (3–4) 3 (2–4) 0.034

mTICI, modified thrombolysis in cerebral infarction; SD, standard deviation; BMI, body mass index; eGFR,
estimated glomerular filtration rate; National Institutes of Health Stroke Scale, NIHSS; IQR, interquartile range;
tPA, tissue plasminogen activator; IA, int; IV, intravenous; LNT, last normal time; ICA, internal carotid artery;
MCA, middle cerebral artery; ACA, anterior cerebral artery; PCA, posterior cerebral artery; V-B, vertebro-basilar.
* administration of intravenous tissue plasminogen activator prior to endovascular thrombectomy; ** cases in
which stent-retriever and aspiration were performed simultaneously or sequentially. † The glucose level test was
performed at the time of the first admission to the emergency room. ‡ The glucose level test was performed after
8 h of fasting after admission.

In univariable logistic regression analysis, age, DM, coronary disease, initial NIHSS
score, combined IA/IV thrombolysis, stent-retriever alone, aspiration alone, number of
stent-retriever passes, and stroke risk scores were associated with unsuccessful recanaliza-
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tion, as shown in Table S1. In multivariable logistic regression analysis, all stroke risk scores
were predictive of unsuccessful recanalization along with BMI, onset to puncture time,
coronary disease, initial NIHSS score, combined IA/IV thrombolysis, stent-retriever alone,
aspiration alone, and the number of stent-retriever passes (CHADS2 score: OR 1.551, 95%
CI 1.198–2.009, p = 0.001; CHA2DS2VASc score: OR 1.269, 95% CI 1.080–1.492, p = 0.004;
ATRIA score: OR 1.089, 95% CI 1.011–1.174, p = 0.024; and Essen score: OR 1.469, 95% CI
1.167–1.849, p = 0.001) (Table 2).

Table 2. Multivariable analysis for stroke risk score associated with the unsuccessful recanalization
among 501 patients with endovascular thrombectomy.

CHADS2 CHA2DS2VASc ATRIA Essen

Variables OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

BMI,
per-1-kg/m2 increase

0.994
(0.936–1.055) 0.836 1.007

(0.947–1.071) 0.986 1.003
(0.943–1.066) 0.937 0.986

(0.928–1.047) 0.612

Coronary disease 0.372
(0.200–0.691) 0.002 0.383

(0.206–0.710) 0.002 0.380
(0.205–0.704) 0.002 0.251

(0.126–0.499) <0.001

Initial NIHSS score,
per 1-score increase

1.015
(0.977–1.055) 0.448 1.017

(0.979–1.057) 0.424 1.016
(0.978–1.056) 0.412 1.017

(0.978–1.056) 0.376

IV thrombolysis
IA thrombolysis without IV tPA Reference Reference Reference Reference

Combined IA/IV
thrombolysis *

0.647
(0.382–1.094) 0.104 0.654

(0.388–1.105) 0.113 0.674
(0.399–1.140) 0.142 0.625

(0.370–1.055) 0.079

EVT parameters

Stent-retriever alone 0.528
(0.302–0.924) 0.025 0.547

(0.313–0.957) 0.035 0.512
(0.294–0.892) 0.018 0.536

(0.307–0.939) 0.029

Aspiration alone 2.966
(1.048–8.394) 0.041 3.344

(1.183–9.453) 0.023 3.142
(1.122–8.880) 0.029 2.887

(1.024–8.140) 0.045

Number of
stent-retriever passes,
per-1-passes increase

1.267
(1.124–1.428) <0.001 1.274

(1.131–1.436) <0.001 1.275
(1.132–1.436) <0.001 1.267

(1.124–1.427) <0.001

Onset to puncture, per 1-min
increase

1.000
(0.999–1.001) 0.992 1.000

(1.000–1.001) 0.992 1.000
(1.000–1.001) 0.935 1.000

(1.000–1.001) 0.980

Risk scoring score

Per-1-point increase 1.551
(1.198–2.009) 0.001 1.269

(1.080–1.492) 0.004 1.105
(1.027–1.188) 0.007 1.469

(1.167–1.849) 0.001

OR, odds ratio; CI, confidence interval; BMI, body mass index; National Institutes of Health Stroke Scale,
NIHSS; IV, intravenous; IA, intra-arterial; tPA, tissue plasminogen activator; EVT, endovascular thrombectomy;
* administration of intravenous tissue plasminogen activator prior to endovascular thrombectomy.

In subgroup analysis, the association of unsuccessful recanalization was stratified by age,
sex, comorbidities, NIHSS score, treatment factor (LNT, combined IA/IV thrombolysis), and
stroke risk scores. A subgroup of patients with DM (p for interaction = 0.003), IA alone (p for
interaction = 0.023), CHA2DS2VASc score≥ 4 (p for interaction = 0.022), ATRIA score ≥ 8 (p for
interaction = 0.017), CHADS2 score ≥ 3 (p for interaction < 0.001), CHA2DS2VASc score ≥ 5
(p for interaction < 0.001), ATRIA score ≥ 9 (p for interaction = 0.001), and Essen score ≥ 4
(p for interaction = 0.009) were significantly associated with unsuccessful recanalization
(Figure 2).
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Figure 2. Forest plots of unadjusted odds ratios for unsuccessful recanalization (mTICI ≤ 2a) in
patients with endovascular thrombectomy. BMI, body mass index; NIHSS, National Institutes of
Health Stroke Scale; LNT, last normal time; IA, intra-arterial; IV, intra-venous; ORs, odds ratios;
mTICI, modified thrombolysis in cerebral infarction.

In the comparison with AF-related stroke, there were significantly fewer patients
with DM (72.1% vs. 53.6%, p = 0.042) and more patients with stent-retriever alone (51.2%
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vs. 80.1%, p < 0.001) in the successful recanalization group. Moreover, patients in the
successful recanalization group had lower initial NIHSS scores (median 15 (IQR 10–19)
vs. median 17 (IQR 12–20.5), p = 0.020) and the change in NIHSS scores after 24 h was
greater (Initial NIHSS score—NIHSS score at 24 h, median 5 (IQR 1–10) vs. median
0 (IQR −1–2), p < 0.001) than those in the unsuccessful recanalization group. An increase
in the number of stent-retriever passes was associated with unsuccessful recanalization
(3.3 ± 3.0 vs. 2.0 ± 1.5, p = 0.007). In laboratory tests, fasting glucose after admission
(146.24 ± 50.3 mg/dL vs. 128.4 ± 51.9 mg/dL, p = 0.044) were lower in the successful
recanalization group. The CHADS2, CHA2DS2VASc, ATRIA, and Essen scores were signifi-
cantly lower in the successful recanalization group (CHADS2 score; median 2 (IQR 2–3)
vs. 3 (IQR 2–3), p < 0.001) (CHA2DS2VASc score; median 4 (IQR 3–4] vs. 5 (IQR 4–5.5],
p = 0.003) (ATRIA score; median 8 (IQR 6–9) vs. 9 (IQR 7.5–10), p = 0.033) (Essen score;
median 4 (IQR 3–4) vs. 3 (IQR 3–4), p = 0.043). The above results are summarized in
Table S2. In multivariable logistic regression analysis, the CHADS2, CHA2DS2VASc, and
Essen scores were associated with unsuccessful recanalization along with BMI, coronary
disease, the initial NIHSS score, combined IA/IV thrombolysis, stent-retriever alone, as-
piration alone, and number of stent-retriever passes (CHADS2 score: OR 1.787, 95% CI
1.173–2.725, p = 0.007; CHA2DS2VASc score: OR 1.354, 95% CI 1.049–1.747, p = 0.020; and
Essen score: OR 1.635, 95% CI 1.093–2.448, p = 0.017) (Table S3).

3.3. Comparison of Stroke Risk Scores for Unsuccessful Recanalization

Figure 3 shows the ROC curves of all stroke risk scores for unsuccessful recanaliza-
tion. The AUC, optimal cutoff value, sensitivity, specificity, positive predictive value, and
negative predictive value of each stroke risk score are presented in Table 3.
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Figure 3. Receiver operating characteristic curve analyses of unsuccessful recanalization based on
stroke risk scores. (A) Univariable ROC analysis (B) Multivariable ROC analysis. ROC, receiver
operating characteristic.

Among stroke risk scores, the CHADS2 score had the highest AUC value. However,
in pairwise comparisons of the AUC, only the CHADS2 and Essen scores were significantly
different (AUC of CHADS2 score; 0.618, 95% CI 0.554–0.681 vs. AUC of Essen score; 0.569,
95% CI 0.506–0.632, p = 0.002) (Table S4). Similarly, even when ROC curve analysis was
performed on AF-related stroke only, the CHADS2 score had the highest AUC value, and
only the CHADS2 and Essen scores were significantly different (AUC of CHADS2 score;
0.666, 95% CI 0.570–0.761 vs. AUC of Essen score; 0.595, 95% CI 0.502–0.687, p = 0.006)
(Table S5).
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Table 3. Receiver operating characteristic (ROC) curve analysis of risk scores for the probability of an
unsuccessful recanalization.

AUC Optimal
Cutoff

Diagnostic
Sensitivity

Diagnostic
Specificity PPV NPV

CHADS2 score 0.618 2.5 0.560 0.690 0.287 0.876

CHA2DS2VASc score 0.602 4.5 0.374 0.807 0.301 0.853

ATRIA score 0.605 8.5 0.528 0.656 0.254 0.862

Essen score 0.569 3.5 0.549 0.604 0.862 0.229
AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value.

The continuous-based NRI was significantly improved after the addition of each
stroke risk score (CHADS2 score: p = 0.010, CHA2DS2VASc score: p = 0.023, ATRIA score:
p = 0.035, Essen score: p = 0.005). The IDI also showed improved risk classification after the
addition of the CHADS2 score (p = 0.014) or the ATRIA score (p = 0.015). Overall, the best
model for prediction of unsuccessful recanalization after EVT was the CHADS2 score, with
the addition of the multivariable model (Table S6).

4. Discussion

The key finding of this study was that the pre-admission CHADS2, CHA2DS2VASc,
ATRIA, and Essen scores were associated with unsuccessful recanalization after EVT. The
probability of unsuccessful recanalization increased as the stroke risk scores increased. The
CHADS2 score had the highest AUC among all stroke risk scores, although the CHADS2
score differed significantly only from the Essen score.

Previous studies have proven the relationship between stroke risk scores and the
clinical outcome of stroke. CHADS2, CHA2DS2-VASc, and ATRIA scores are simple to
obtain and are useful tools for estimating the thromboembolic risk and clinical outcomes
in patients with AF [15–18]. The Essen score is a simple clinical score that was derived
to predict the 1-year risk of recurrent ischemic stroke after ischemic stroke based on the
presence of prior vascular comorbidities [13,19]. Unlike the purpose for which the stroke
risk scores were developed, the stroke risk scores have been used as a predictor of various
outcomes in various patient groups [15,20,21]. Our results are meaningful in that they
provide additional information that CHADS2, CHA2DS2-VASc, ATRIA, and Essen scores
were correlated with unsuccessful recanalization in patients undergoing EVT, as well as
thromboembolic risk and clinical outcome. All stroke risk scores were associated with
unsuccessful recanalization even in AF-related stroke patients.

Hypertension and DM have a common weighting factor for all stroke risk scores, and
DM, in particular, is known to affect recanalization after IV thrombolysis [22,23]. Although
DM and fasting hyperglycemia are also known to affect clinical outcomes after EVT [24,25],
there is still insufficient evidence that DM and initial and fasting hyperglycemia influence
recanalization after EVT [26,27]. Our results showed that DM, initial, and fasting glucose
levels were associated with unsuccessful recanalization. Factors other than hypertension
and DM were weighted differently for each stroke risk score. Compared with the CHADS2
score, the CHA2DS2-VASc score has a higher weighting for age and includes the compo-
nents of sex and vascular diseases; the ATRIA score has a higher weighting for age and
includes the components of sex and chronic renal disease, while the Essen score also has a
higher weighting for age and sex, similarly to the other scores, along with weighting for
vascular disease and current smoking. Each additional component of these scores has been
reported as a predictor of stroke severity or outcome [28]. The ATRIA and CHA2DS2-VASc
scores were reported to outperform the CHADS2 score in predicting stroke outcome in pa-
tients with AF [17,28]. However, unlike previous studies that investigated the relationship
between the stroke risk scores and stroke outcome, we found that the CHADS2 score shows
better performance in predicting recanalization than the CHA2DS2-VASc and ATRIA scores
in EVT patients. This may be because sex, chronic kidney disease, and vascular disease
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weighted by the CHA2DS2-VASc and ATRIA scores did not differ with recanalization, and
there were more patients with coronary disease in the successful recanalization group in our
dataset. As the Essen score is a risk-scoring tool for the prediction of recurrent stroke and
combined cerebrovascular events in patients with non-AF, there have been a few studies
comparing the performance of the Essen score with that of the CHADS2 score [13]. A recent
observational study of the prediction for vascular outcome in stroke patients with AF found
no significant difference in the performance between the CHADS2 and Essen scores [21]. In
contrast, the CHADS2 score showed significantly better performance than the Essen score
in our study. Even when only AF-related stroke patients were analyzed, the Essen score
could significantly predict unsuccessful recanalization, although its performance was worse
than that of the CHADS2 score. Presumably, as in the case of CHA2DS2-VASc and ATRIA
scores, this could be attributed to the observation that peripheral artery disease and current
smoking weighted by the Essen score did not differ according to recanalization, and there
were more patients with coronary disease in the recanalization group in our dataset. There-
fore, unlike previous studies on patients with AF stroke, the ATRIA and CHA2DS2-VASc
scores likely did not outperform and the Essen score likely underperformed compared to
the CHADS2 score. The significance of this result suggests that most of the factors related
to unsuccessful recanalization in EVT patients overlap with most factors related to the
occurrence of stroke in AF patients. Therefore, these different factors should be taken into
account when creating a new scoring system that predicts recanalization after EVT. An
existing pre-admission stroke risk score or suitable new scoring system can be used in
addition to the current image-based patient’s selection system, which can contribute to
lower recanalization failure rates by appropriately selecting patients.

Limitations

First, although some of the patients included in our study were prospectively included
and the registry itself consecutively included stroke patients who received reperfusion
therapy, we performed a retrospective evaluation. Therefore, there may be selection bias,
l and the possibility of a causal relationship cannot be concluded. Second, this registry
is a nationwide observational registry that reflects real-world evidence; however, there
may be a selection bias because it is not a randomized controlled study. To reduce the
selection bias, we consecutively included patients eligible for EVT according to the valid
guidelines [1,29,30]. Third, because our registry enrolled only the Korean population, it is
difficult to generalize our findings to all races.

5. Conclusions

The pre-admission CHADS2, CHA2DS2VASc, ATRIA, and Essen scores were associ-
ated with unsuccessful recanalization after EVT. Therefore, these results suggest that stroke
risk scores, especially the CHADS2 score, could predict recanalization in stroke patients
undergoing EVT.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11010274/s1, Table S1: Univariate logistic regression analysis
of the risk of an unsuccessful recanalization; Table S2: Clinical and imaging characteristics according
to the degree of recanalization (Only atrial fibrillation-related stroke); Table S3: Multivariate analysis
for stroke risk score associated with the unsuccessful recanalization among atrial fibrillation-related
stroke with endovascular thrombectomy; Table S4: Comparison of the area under curve (AUC)
of each stroke risk score by two. (Univariate ROC analysis); Table S5: Comparison of area under
the curve (AUC) of each stroke risk score by two in AF-related stroke. (Univariate ROC analysis);
Table S6: Receiver-operating characteristics curve analysis (area under curve), net reclassification
improvement, and integrated discrimination improvement of predictive models for unsuccessful
recanalization in endovascular thrombectomy patients.
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