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Abstract: Background: Acute ischemic stroke (AIS) is a rare but critical complication following
ST-elevation myocardial infarction (STEMI). The risk of AIS or transient ischemic attack (TIA) may be
amplified by invasive procedures, including primary percutaneous coronary intervention (PCI). This
study aimed to investigate the factors associated with in-hospital AIS/TIA in patients with STEMI
who required primary PCI. Methods: We included 941 STEMI patients who underwent primary PCI
and divided them into an AIS/TIA group (n = 39) and a non-AIS/TIA group (n = 902), according
to new-onset AIS/TIA. The primary interest was to find the factors associated with AIS/TIA by
multivariate logistic regression analysis. We also compared clinical outcomes between the AIS/TIA
and non-AIS/TIA groups. Results: The incidence of in-hospital deaths was significantly higher in
the AIS/TIA group (46.2%) than in the non-AIS/TIA group (6.3%) (p < 0.001). Multivariate analysis
revealed that cardiogenic shock (OR 3.228, 95% CI 1.492–6.986, p = 0.003), new-onset atrial fibrillation
(AF) (OR 2.280, 95% CI 1.033–5.031, p = 0.041), trans-femoral approach (OR 2.336, 95% CI 1.093–4.992,
p = 0.029), use of ≥4 catheters (OR 3.715, 95% CI 1.831–7.537, p < 0.001), and bleeding academic
research consortium (BARC) type 3 or 5 bleeding (OR 2.932, 95% CI 1.256–6.846, p = 0.013) were
significantly associated with AIS/TIA. Conclusion: In STEMI patients with primary PCI, new-onset
AIS/TIA was significantly associated with cardiogenic shock, new-onset AF, trans-femoral approach,
the use of ≥4 catheters, and BARC type 3 or 5 bleeding. We should recognize these modifiable and
unmodifiable risk factors for AIS/TIA in the treatment of STEMI.

Keywords: primary percutaneous coronary intervention; acute ischemic stroke; coronary angiography;
transient ischemic attack

1. Introduction

Acute ischemic stroke (AIS) is a rare but critical complication following acute myocar-
dial infarction (AMI) [1–3]. Several clinical variables, including age, gender, ST-segment
elevation myocardial infarction (STEMI), atrial fibrillation (AF), and specific interventional
procedures have been reported as risk factors for acute stroke in AMI patients [1,4–7].
Among those factors, specific interventional procedures may be more important than un-
modifiable factors such as age or gender, because physicians may have an opportunity to
modify their interventional procedures to prevent AIS. Although earlier studies reported
that transfemoral intervention, thrombus aspiration, and mechanical support were associ-
ated with stroke in patients with percutaneous coronary intervention (PCI), interventional
procedures associated with AIS in patients with STEMI have not been fully discussed [7–9].
The incidence of AIS or transient ischemic attack (TIA) is greater in STEMI cases than in
non-ST segment elevation myocardial infarction (NSTEMI) cases [4,5]. Furthermore, emer-
gent coronary angiography (CAG) and primary PCI are definitely necessary for patients

J. Clin. Med. 2023, 12, 840. https://doi.org/10.3390/jcm12030840 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm12030840
https://doi.org/10.3390/jcm12030840
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-3566-0394
https://doi.org/10.3390/jcm12030840
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12030840?type=check_update&version=1


J. Clin. Med. 2023, 12, 840 2 of 13

with STEMI [10,11]. This study aimed to investigate the factors associated with new-onset
AIS/TIA in patients with STEMI who required primary PCI.

2. Materials and Methods

The present study is a retrospective, single-center study. We reviewed consecutive
AMI patients who were admitted to the Saitama Medical Center, Jichi Medical University,
from 1 January 2015 to 31 March 2022. The inclusion criterion was patients with STEMI.
The exclusion criteria were (1) patients who did not undergo primary PCI to the culprit
lesion within 24 h since arrival or in-hospital onset of STEMI, (2) patients who developed
STEMI after the diagnosis of AIS or acute hemorrhagic stroke, (3) patients who developed
STEMI because of acute type A aortic dissection, and (4) patients who developed STEMI
because of coronary artery dissection due to CAG [12].

The final study population was divided into an AIS/TIA group and a non-AIS/TIA
group, according to new-onset AIS/TIA during the index admission. The new-onset
AIS/TIA was confirmed by both clinical assessment and brain imaging studies [computed
tomography (CT) and/or magnetic resonance imaging (MRI)]. AIS was defined as sudden-
onset neurologic deficit with new-onset ischemic lesions detected by brain imaging, while
TIA was defined as transient neurologic deficit without new-onset ischemic lesions [13].
The day of the new-onset AIS/TIA was obtained from the hospital records. When the
onset-day was not clinically determined, the day of the brain imaging was substituted as
the onset-day. The primary interest was to find factors associated with new-onset AIS/TIA
during the index admission. The secondary interest was to compare the clinical outcomes
between the AIS/TIA and non-AIS/TIA groups. We acquired clinical information from
hospital records. All procedures were carried out in accordance with the Declaration
of Helsinki.

Since our institution is a teaching university hospital, most PCIs except complex ones
are performed by senior residents with the supervision of staff interventional cardiolo-
gists [14]. We routinely use the 5 Fr Judkins right (JR) catheter and Judkins left (JL) catheter
for CAG. In primary PCI, we routinely use Amplatz left (AL) or JR guiding catheters for
the right coronary artery (RCA) and contralateral left support (CLS) or JL guiding catheters
for the left coronary artery (LCA). As a result, the most typical number of catheters used in
primary PCI was three (two diagnostic catheters and one guiding catheter). The choice of
devices is at the discretion of the staff interventional cardiologist.

In the present study, AMI was defined according to the universal definition [15].
Diagnostic ST-segment elevation was defined as new ST elevation at the J point in at least
two contiguous leads ≥2 mm (0.2 mV) in leads V2–V3 or ≥1 mm (0.1 mV) in all the rest of
the leads, whereas all others were defined as not having ST-segment elevation [16,17]. The
definition of hypertension, dyslipidemia, and diabetes mellitus were described in previous
literature [16]. New-onset AF was defined as AF without a clinical history of AF prior to
admission. Cardiogenic shock was defined as systolic blood pressure of <90 mmHg or the
need for vasopressors to maintain blood pressure [18]. Hemorrhagic complications were
defined by the bleeding academic research consortium (BARC) definition [19]. According
to the BARC bleeding criteria, type 3 or 5 bleeding was classified as a major hemorrhagic
complication [20]. Quantitative coronary angiography (QCA) parameters were measured
using a cardiovascular angiography analysis system (QAngio XA 7.3, MEDIS Imaging
Systems, Leiden, The Netherlands) [16,21,22]. All study lesions were classified into type
A, B1, B2, or C, according to the ACC/AHA lesion-classification system [23]. Anomalous
origin of coronaries was confirmed based on angiographic findings in CAG, which included
RCA from the ascending aorta, RCA from the left sinus of Valsalva, LCA from the right
sinus of Valsalva, separate origin of the left anterior descending artery (LAD) and the left
circumflex artery (LCX), and LCA from the ascending aorta [24].
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3. Statistical Analysis

Data are presented as a percentage for categorical variables, a mean ± standard devia-
tion for normally distributed continuous variables, or a median and inter-quartile range
for non-normally distributed continuous variables. Categorical variables were compared
by Fischer’s exact test. The Wilk–Shapiro test was performed to determine whether the
continuous variables were normally distributed. Normally distributed continuous variables
were compared by the unpaired Student’s t-test. Otherwise, continuous variables were
compared by the Mann–Whitney U test. First, we compared the clinical and procedural
characteristics between the AIS/TIA and non-AIS/TIA groups to identify the profiles of
patients at increased risk of developing in-hospital AIS/TIA. Then, to investigate which
variables were independently associated with new-onset AIS/TIA, multivariate logistic
regression analysis with likelihood ratio statistical criteria using a backward elimination
method was performed. We selected independent variables that showed a significant
difference (p < 0.05) between the AIS/TIA and non-AIS/TIA groups. When there were ≥2
similar variables, only one variable was entered into the model, to avoid multi-collinearity.
Regarding cardiogenic shock and out-of-hospital cardiac arrest (OHCA), we developed two
models of multivariate analysis to investigate the independent factors for AIS/TIA. Model 1
included cardiogenic shock as the independent variable, whereas Model 2 included OHCA
as the independent variable. A p value < 0.05 was considered statistically significant. We
analyzed all data by SPSS ver. 28 for Windows (SPSS, Inc., Chicago, IL, USA).

4. Results

From January 2015 to March 2022, there were 1068 STEMI cases. We excluded 127 cases
according to the exclusion criteria, in which there were 10 AISs and four acute hemorrhagic
strokes. Accordingly, we included 941 cases as the final study population. Thirty-nine
patients (4.1%) developed new-onset AIS/TIA during the index admission. We divided
the final study population into an AIS/TIA group (n = 39) and a non-AIS/TIA group
(n = 902). Of the 39 cases in the AIS/TIA group, 34 cases were AIS, two cases were AIS
with hemorrhagic transformation, and three cases were TIA. No patients developed acute
hemorrhagic stroke during the study period. The study flowchart is shown in Figure 1.
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The comparisons of clinical, lesion, and procedural characteristics between the AIS/TIA
and non-AIS/TIA groups are shown in Tables 1 and 2. The prevalence of cardiogenic shock,
OHCA, and the incidence of new-onset AF were higher in the AIS/TIA group than in the
non-AIS/TIA group. The use of ≥4 catheters was more frequently observed in the AIS/TIA
group than in the non-AIS/TIA group. Triple vessels disease, final TIMI flow grade ≤2,
trans-femoral approach, size of guiding catheter ≥7 Fr, V-A ECMO during primary PCI,
Impella during primary PCI, and BARC type 3 or 5 bleeding were more frequently observed
in the AIS/TIA group than in the non-AIS/TIA group.

Table 1. Comparison of clinical characteristics between the AIS/TIA group and the non-AIS/TIA group.

All (n = 941) AIS/TIA Group
(n = 39)

Non-AIS/TIA Group
(n = 902) p-Value

Age, year 71 (61–79) 74 (68–77) 71 (61–79) 0.494
Male, n (%) 736 (78.2) 33 (84.6) 703 (77.9) 0.428
Body mass index >25 (kg/m2) 319 (33.9) 9 (23.1) 310 (34.4) 0.169
Underlying disease

Hypertension, n (%) 712 (75.7) 30 (76.9) 682 (75.6) 1.000
Diabetes mellitus, n (%) 391 (41.6) 20 (51.3) 371 (41.1) 0.246
Dyslipidemia, n (%) 491 (52.2) 18 (46.2) 473 (52.4) 0.513
Hemodialysis, n (%) 44 (4.7) 1 (2.6) 43 (4.8) 1.000
Previous atrial fibrillation, n (%) 40 (4.3) 1 (2.6) 39 (4.3) 1.000
History of ischemic stroke or TIA, n (%) 88 (9.4) 7 (17.9) 81 (9) 0.083
History of peripheral artery disease, n (%) 31 (3.3) 2 (5.1) 29 (3.2) 0.371
History of previous PCI, n (%) 120 (12.8) 5 (12.8) 115 (12.7) 1.000
History of previous CABG, n (%) 13 (1.4) 0 (0) 13 (1.4) 1.000
History of previous MI, n (%) 95 (10.1) 5 (12.8) 90 (10) 0.583

Medication before admission
Aspirin, n (%) 156/925 (16.9) 5/34 (14.7) 151/891 (16.9) 1.000
Thienopyridine, n (%) 80/924 (8.7) 3/34 (8.8) 77/890 (8.7) 1.000
Beta-blocker, n (%) 130/910 (14.3) 4/32 (12.5) 126/878 (14.4) 1.000
ACE-inhibitor, ARB, n (%) 291/910 (32) 9/32 (28.1) 282/878 (32.1) 0.704
Statin, n (%) 229/915 (25) 6/33 (18.2) 223/882 (25.3) 0.419
Hypoglycemic agents, n (%) 221/915 (24.2) 9/32 (28.1) 212/883 (24) 0.674
Insulin, n (%) 42/919 (4.6) 3/34 (8.8) 39/885 (4.4) 0.200
Warfarin, n (%) 12/926 (1.3) 1/34 (2.9) 11/892 (1.2) 0.363
DOAC, n (%) 20/926 (2.2) 1/34 (2.9) 19/892 (2.1) 0.531

Killip class <0.001
1, n (%) 656 (69.7) 11 (28.2) 645 (71.5)
2, n (%) 65 (6.9) 2 (5.1) 63 (7)
3, n (%) 70 (7.4) 5 (12.8) 65 (7.2)
4, n (%) 150 (15.9) 21 (53.8) 129 (14.3)

Cardiogenic shock, n (%) 150 (15.9) 21 (53.8) 129 (14.3) <0.001
OHCA, n (%) 62 (6.6) 13 (33.3) 49 (5.4) <0.001
Laboratory data at arrival

Estimated GFR (mL/min/1.73 m2) 65.1 (48.0–81.5) 47.6 (36.6–63.4) 65.9 (49.1–81.9) <0.001
Hemoglobin (g/dL) 13.7 (12.2–15.0) 13.9 (12.2–15.2) 13.7 (12.2–15.0) 0.726

BNP (pg/mL) 103.2 (30.4–352.4)
(n = 902)

177.9 (53.6–508.4)
(n = 34)

101.9 (30.0–346.1)
(n = 868) 0.095

New-onset AF during admission, n (%) 120 (12.8) 11 (28.2) 109 (12.1) 0.011
Left ventricular thrombus during
admission, n (%) 27 (2.9) 2 (5.1) 25 (2.8) 0.309

Data are expressed as median and inter-quartile range, the mean ± standard deviation or number (percent-
age). Normally distributed continuous variables were compared by the Student’s t-test. Otherwise, continuous
variables were compared by the Mann–Whitney U test. The Fischer exact test was used for categorical vari-
ables. Abbreviations: ACE = angiotensin converting enzyme, AF = atrial fibrillation, ARB = angiotensin II
receptor blocker, AIS = acute ischemic stroke, BNP = brain natriuretic peptide, CABG = coronary artery by-
pass grafting, DOAC = direct oral anticoagulant, GFR = glomerular filtration rate, MI = myocardial infarction,
OHCA = out-of-hospital cardiac arrest, PCI = percutaneous coronary intervention, TIA = transient ischemic attack.
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Table 2. Comparison of lesion and procedural characteristics of primary PCI between the AIS/TIA
group and the non-AIS/TIA group.

All (n = 941) AIS/TIA Group
(n = 39)

Non-AIS/TIA Group
(n = 902) p-Value

Culprit lesion 0.152
LM-LAD, n (%) 488 (51.9) 20 (51.3) 468 (51.9)
RCA, n (%) 361 (38.4) 13 (33.3) 348 (38.6)
LCX, n (%) 89 (9.5) 5 (12.8) 84 (9.3)
Graft, n (%) 3 (0.3) 1 (2.6) 2 (0.2)

Triple vessels disease, n (%) 198 (21) 16 (41) 182 (20.2) 0.004
Anomalous origin of coronary artery, n (%) 24 (2.6) 1 (2.6) 23 (2.5) 1.000
Initial TIMI flow grade of culprit ≤2, n (%) 785 (83.4) 33 (84.6) 752 (83.4) 1.000
Final TIMI flow grade of culprit ≤2, n (%) 65 (6.9) 6 (15.4) 59 (6.5) 0.046
Lesion length (mm) 13.6 (9.4–19.8) 14.1 (7.1–21.8) 13.6 (9.5–19.6) 0.651
Reference diameter (mm) 2.4 (2.0–2.9) 2.4 (1.9–2.7) 2.4 (2.0–2.9) 0.540
Eccentricity, n (%) 267 (28.4) 5 (12.8) 262 (29) 0.029
Moderately–extremely angulated lesion, n (%) 92 (9.8) 7 (17.9) 85 (9.4) 0.094
Irregular contour, n (%) 586 (62.3) 23 (59) 563 (62.4) 0.736
Ostial lesion, n (%) 20 (2.1) 1 (2.6) 19 (2.1) 0.575
Bifurcation lesion, n (%) 182 (19.3) 4 (10.3) 178 (19.7) 0.211
Excessive tortuosity, n (%) 115 (12.2) 7 (17.9) 108 (12) 0.312
Moderate-severe calcification, n (%) 160 (17) 8 (20.5) 152 (16.9) 0.517
Thrombus (TIMI Thrombus grade ≥3), n (%) 414 (44) 15 (38.5) 399 (44.2) 0.514
ACC/AHA classification: type B2/C, n (%) 794 (84.4) 29 (74.4) 765 (84.8) 0.110
Approach site 0.001

Trans-radial approach, n (%) 637 (67.7) 14 (35.9) 623 (69.1)
Trans-femoral approach, n (%) 292 (31) 25 (64.1) 267 (29.6)
Trans-brachial approach, n (%) 12 (1.3) 0 (0) 12 (1.3)

Number of used catheters 3 (3–3) 3 (3–4) 3 (3–3) <0.001
Diagnostic catheters 2 (2–2) 2 (2–3) 2 (2–2) 0.001
Guiding catheters 1 (1–1) 1 (1–1) 1 (1–1) 0.001
Use of ≥4 catheters, n (%) 174 (18.5) 17 (43.6) 157 (17.4) <0.001
Size of guiding catheter 0.001

6 Fr, n (%) 697 (74.1) 19 (48.7) 678 (75.2)
7 Fr, n (%) 239 (25.4) 19 (48.7) 220 (24.4)
8 Fr, n (%) 5 (0.5) 1 (0.6) 4 (0.4)

Multivessel PCI at the time of primary PCI 19 (2) 5 (12.8) 14 (1.6) 0.001
Final PCI procedure 0.756

POBA only, n (%) 46 (4.9) 1 (2.6) 45 (5)
Thrombus aspiration only, n (%) 11 (1.2) 1 (2.6) 10 (1.1)
Thrombus aspiration and POBA, n (%) 11 (1.2) 0 (0) 11 (1.2)
Bare metal stent, n (%) 17 (1.8) 0 (0) 17 (1.9)
Drug-eluting stent, n (%) 831 (88.4) 37 (94.9) 794 (88.1)
Drug-coated balloon, n (%) 24 (2.6) 0 (0) 24 (2.7)
Bougie with micro-catheter, n (%) 1 (0.1) 0 (0) 1 (0.1)

Thrombus aspiration procedure, n (%) 206 (21.9) 9 (23.1) 197 (21.8) 0.844
Use of guide extension catheters, n (%) 92 (9.8) 6 (15.4) 86 (9.5) 0.263
IABP, n (%) 96 (10.2) 7 (17.9) 89 (9.9) 0.106
V-A ECMO, n (%) 57 (6.1) 17 (43.6) 40 (4.4) <0.001
Impella (Abiomed), n (%) 3 (0.3) 2 (5.1) 1 (0.1) 0.005
Door-to-balloon time (minutes) 72 (56–106) 97 (68–137) 71 (56–104) 0.006
Procedure time (minutes) 52 (40–73) 63 (49–96) 51 (40–72) 0.005
BARC type 3 or 5 bleeding, n (%) 69 (7.3) 12 (30.8) 57 (6.3) <0.001
Discontinuation of anti-thrombotic therapy, n (%) 13 (1.4) 3 (7.7) 10 (1.1) 0.014

Data are expressed as median and inter-quartile range, the mean ± standard deviation or number (percentage).
Normally distributed continuous variables were compared by the Student’s t-test. Otherwise, continuous vari-
ables were compared by the Mann–Whitney U test. The Fischer exact test was used for categorical variables.
Abbreviations: ACC = American college of cardiology, AHA = American heart association, AIS = acute ischemic
stroke, BARC= bleeding academic research consortium, IABP = intra-aortic balloon pumping, LCX = left cir-
cumflex artery, LM-LAD = left main-left anterior descending artery, PCI = percutaneous coronary intervention,
POBA = percutaneous old balloon angioplasty, RCA = right coronary artery, TIA = transient ischemic attack,
TIMI = Thrombolysis in myocardial infarction, V-A ECMO= veno-arterial extracorporeal membrane oxygenation.
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The distribution of the onset-day of AIS/TIA is shown in Figure 2. Of 39 AIS/TIA
cases, 30 AIS/TIA (76.9%) occurred within 7 days of admission. Notably, the peak period of
new-onset AIS/TIA was within 24 h of admission. The characteristics of 39 AIS/TIA cases
are described in Supplementary Table S1. Of the 39 AIS/TIA cases, 19 (48.7%) patients
developed multiple cerebral infarctions. The comparison of clinical outcomes between
the AIS/TIA and non-AIS/TIA groups is shown in Table 3. The incidence of in-hospital
death was greater in the AIS/TIA group (46.2%) than in the non-AIS/TIA group (6.3%)
(p < 0.001) The association between AIS/TIA and high mortality was significant both in
patients with and without cardiogenic shock. In addition, we divided the AIS/TIA cases
into the two groups according to the onset time: an early-onset group (AIS/TIA within
72 h) and a late-onset group (AIS/TIA beyond 72 h). We performed additional analysis
to compare the clinical characteristics and outcomes between the early-onset AIS/TIA
group and the late-onset AIS/TIA group to further understand the mechanism of AIS/TIA
(Supplementary Table S2). The number of used catheters in primary PCI was significantly
greater in the early-onset AIS/TIA group [4 (3–4)] than in the late-onset AIS/TIA group [3 (3–4)]
(p = 0.048).
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Figure 2. The distribution of the onset-day of AIS/TIA. The peak period of the occurrence of
AIS/TIA was within 24 h of admission. Abbreviations: AIS = acute ischemic stroke, TIA = transient
ischemic attack.

The multivariate stepwise logistic regression analysis is shown in Table 4. An initial
Model 1 included cardiogenic shock, new-onset AF, lesion eccentricity, trans-femoral
approach, use of ≥4 catheters, BARC type 3 or 5 bleeding, estimated GFR, triple vessels
dis-ease, final TIMI flow grade ≤2, size of guiding catheters ≥7 Fr, and multivessel PCI
at the time of primary PCI as independent variables. An initial Model 2 included OHCA
instead of cardiogenic shock and the remaining independent variables were same as those
in Model 1. In Model 1, cardiogenic shock (OR 3.228, 95% CI 1.492–6.986, p = 0.003), new-
onset AF (OR 2.280, 95% CI 1.033–5.031, p = 0.041), trans-femoral approach (OR 2.336, 95%
CI 1.093–4.992, p = 0.029), use of ≥4 catheters (OR 3.715, 95% CI 1.831–7.537, p < 0.001),
and BARC type 3 or 5 bleeding (OR 2.932, 95% CI 1.256–6.846, p = 0.013) were significantly
associated with new-onset AIS/TIA, after controlling for confounding factors. In Model 2,
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OHCA was significantly associated with AIS/TIA and the remaining independent factors
were same as those in Model 1.

Table 3. Comparison of outcomes and clinical course between the AIS/TIA group and the non-
AIS/TIA group.

All (n = 941) AIS/TIA Group
(n = 39)

Non-AIS/TIA Group
(n = 902) p-Value

In-hospital death, n (%) 75 (8) 18 (46.2) 57 (6.3) <0.001
Among patients without cardiogenic shock (n = 791) 20/791 (2.5) 5/18 (27.8) 15/773 (1.9) <0.001
Among patients with cardiogenic shock (n = 150) 55/150 (36.7) 13/21 (61.9) 42/129 (32.6) 0.014

Favorable neurological function (CPC 1 or 2) at discharge, n (%) 835 (88.7) 14 (35.9) 821 (91) <0.001
Tracheostomy, n (%) 11 (1.2) 3 (7.7) 8 (0.9) 0.009
Mechanical ventilation (including NPPV), n (%) 223 (23.7) 30 (76.9) 193 (21.4) <0.001

Ejection fraction at discharge (%) 52.2 (41.8–60.6)
(n = 877)

42.5 (26.6–58.4)
(n = 24)

52.5 (42.0–60.7)
(n = 853) 0.021

Number of cardiac catheterizations during admission 1 (1–2) 1 (1–1) 1 (1–2) 0.298

Data are expressed as median and inter-quartile range, the mean ± standard deviation or number (percentage).
Normally distributed continuous variables were compared by the Student’s t-test. Otherwise, continuous
variables were compared by the Mann–Whitney U test. The Fischer exact test was used for categorical variables.
Abbreviations: AIS = acute ischemic stroke, CPC = cerebral performance category, NPPV = non-invasive positive
pressure ventilation, TIA = transient ischemic attack.

Table 4. Multivariate stepwise logistic regression models to investigate the factors associated with
AIS/TIA.

Independent Variables

Dependent Variable: AIS/TIA

Model 1 Model 2

Odds Ratio 95% CI p-Value Odds Ratio 95% CI p-Value

OHCA 5.126 2.169–12.113 <0.001
Cardiogenic shock 3.228 1.492–6.986 0.003
New-onset AF 2.280 1.033–5.031 0.041 2.914 1.296–6.551 0.010
Lesion eccentricity 0.446 0.167–1.196 0.109 0.406 0.148–1.113 0.080
Final TIMI flow grade ≤2 2.490 0.911–6.811 0.075
Triple vessels disease 2.036 0.976–4.248 0.058
Trans-femoral approach 2.336 1.093–4.992 0.029 2.502 1.186–5.277 0.016
Use of ≥4 catheters 3.715 1.831–7.537 <0.001 3.460 1.660–7.212 0.001
BARC type 3 or 5 bleeding 2.932 1.256–6.846 0.013 2.958 1.254–6.975 0.013

In this stepwise model, 11 independent variables that showed significant difference (p < 0.05) between the AIS/TIA
group and the non-AIS/TIA group in Tables 1 and 2 were included. Model 1 included cardiogenic shock instead
of OHCA and Model 2 included OHCA instead of cardiogenic shock. Likelihood ratio statistical criteria using the
backward elimination method was performed. Abbreviations: AF = atrial fibrillation, AIS = acute ischemic stroke,
BARC= bleeding academic research consortium, CI = confidence interval, OHCA = out-of-hospital cardiac arrest,
TIA = transient ischemic attack, TIMI = Thrombolysis in myocardial infarction.

5. Discussion

Of the 941 patients with STEMI who underwent primary PCI, 39 (4.1%) patients
developed new-onset AIS/TIA during the index admission. Of the 39 new-onset AIS/TIA
patients, 76.9% of the cases occurred within 7 days; notably, the first 24 h was the peak
period. New-onset AIS/TIA was associated with poor clinical outcomes. The multivariate
logistic analysis revealed that cardiogenic shock, OHCA, new-onset AF, trans-femoral
approach, use of ≥4 catheters, and BARC type 3 or 5 bleeding were significantly associated
with new-onset AIS/TIA.

The incidence of new-onset AIS/TIA tended to be higher in our study (4.1%) than
in earlier studies, partly because the median age of patients with STEMI was older in our
study (71 years) than in earlier studies [3,7,25]. In addition, the prevalence of cardiogenic
shock was higher in our study (15.9%) than in earlier studies (2–10%) [3,7,25]. Accod-
ing to the Japanese multi-center registry, the prevalence of cardiogenic shock following
STEMI was 16%, increasing with the times [26]. Higher age and higher prevalence of
cardiogenic shock can be causes of the higher incidence of AIS/TIA in our study. Because
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we did not perform brain imaging for patients who were asymptomatic, we might have
missed asymptomatic acute AIS/TIA, as was the case in earlier studies [7,25]. Interestingly,
Murai et al. conducted routine head MRIs for 75 patients with ACS and revealed that 34.7%
of patients with PCI developed asymptomatic AIS [27], suggesting that asymptomatic AIS
was missed in both our cohort and earlier cohorts [7,25]. Primary PCI has the potential to
induce ischemic stroke, whether symptomatic or not.

Along with trans-femoral approach and use of ≥4 catheters, triple vessel disease,
multivessel PCI, size of guiding catheters ≥7 Fr, and V-A ECMO were more frequently
observed in the AIS/TIA group than in the non-AIS/TIA group. These results suggest
that procedural complexity might be associated with the occurrence of AIS/TIA. We also
revealed that some angiographic features, including lesion eccentricity and final TIMI
flow grade ≤2, were more frequently observed in the AIS/TIA group than in the non-
AIS/TIA group. In addition, the prevalence of cardiogenic shock, OHCA, new-onset AF,
and BARC type 3 or 5 bleeding was higher in the AIS/TIA group than in the non-AIS/TIA
group. After subjecting these confounding factors to multivariate analysis, we determined
five independent risk factors, including cardiogenic shock, new-onset AF, trans-femoral
approach, use of ≥4 catheters, and BARC type 3 or 5 bleeding.

Earlier studies reported that triple vessel disease and intracoronary thrombus were
the risk factors for the development of stroke [28]. However, in the present study, the
association between angiographic features and AIS/TIA was not statistically significant
from our multivariate analysis, partly because of the small number of AIS/TIA events. Of
note, the use of many catheters (≥4 catheters) and trans-femoral approach in primary PCI
would be associated with procedural complexity. If procedural complexity is associated
with neurologic events, it would be reasonable to select simple procedures in primary PCI
to prevent neurologic events.

Earlier studies reported that most periprocedural strokes occurred within 48 h of
PCI [29,30]. Our results also showed that the first 24 h was the most vulnerable period for
new-onset AIS/TIA, which suggests that catheter procedures would be an important cause
of new-onset AIS/TIA in patients with STEMI. In addition, we revealed that the number of
catheters used in primary PCI was greater in the early-onset AIS/TIA group than in the
late-onset AIS/TIA group, suggesting that procedures of primary PCI might be one of the
causes of early-onset AIS/TIA [29]. Thus, the number of catheters used may be a strong
risk factor for AIS/TIA in patients with STEMI who undergo primary PCI. Hoffman et al.
suggested that the use of many catheters was associated with PCI-related ischemic stroke
in both emergent and elective PCI [31]. Although their study population was substantially
different from our study population, our results were consistent with their findings.

Although the mechanisms of stroke were not elucidated in our study, atherosclerotic le-
sions of thoracic aorta might be a potential etiology of ischemic stroke [32,33]. A retrograde
aortic flow, as well as an antegrade aortic flow, might cause ischemic stroke by disseminat-
ing dislodged aortic plaque. A study using time-resolved contrast-enhanced 3-dimensional
MR angiography revealed that aortic plaque located at the upper thoracic aorta below the
aortic arch had opportunities to reach all supra-aortic arteries retrogradely [33]. In addition,
the insertion of catheters, especially large-lumen catheters, can scrape the aortic plaque
by the gap between the guide catheter lumen and leading 0.035-inch guidewire [34,35].
Moreover, aortic plaque might become more vulnerable in patients with STEMI, compared
with patients with stable angina or non-ST-segment elevation myocardial infarction [36].
The more catheters were used in primary PCI, the more frequently the aortic plaque was
scraped by the gap between the guide catheter lumen and guidewire, which might result
in disseminating embolic debris both anterogradely and retrogradely.

We showed the significant association between trans-femoral approach and AIS/TIA
in the present study. However, the association between trans-femoral approach and
AIS/TIA was not proven in the randomized trial, partly because of the small number
of stroke cases [37]. Meanwhile, Shoji et al. showed that trans-femoral approach was
significantly associated with periprocedural stroke after controlling for confounding fac-



J. Clin. Med. 2023, 12, 840 9 of 13

tors [8]. Although their study included both acute coronary syndrome and chronic coronary
syndrome, our results were consistent with their study. Compared to the ascending aorta,
greater plaque is observed in the aortic arch and the descending aorta [38,39]. Kojima et al.
showed that in patients with coronary artery disease, vulnerable plaque was frequently
observed from the aortic arch to the common iliac artery by aortic angioscopy [40]. Com-
pared to trans-radial approach, catheters from femoral artery can damage the greater aortic
plaque from the iliac artery to the ascending aorta by the gap between the guide catheter
lumen and guidewire in inserting or exchanging catheters, which may result in subsequent
embolization.We revealed that 48.7% of AIS/TIA cases showed multiple cerebral infarctions
by cerebral imaging studies, which is probably explained by embolization.

Some patient factors, such as cardiogenic shock, new-onset AF, and BARC type 3 or 5
bleeding. can be classified as unmodifiable risk factors for new-onset AIS/TIA. In earlier
studies, cardiogenic shock and new-onset AF concomitant with acute myocardial infarction
were associated with stroke [3,41]. Our findings were consistent with these earlier studies.
In cases with cardiogenic shock, cerebral hypoperfusion would result in the occurrence of
AIS/TIA. When new-onset AF was observed during hospitalization, patients with STEMI
who already had dual-antiplatelet therapy might not receive additional anticoagulation
therapy. The association between BARC type 3 or 5 bleeding and AIS/TIA may be partly
explained by the discontinuation of antithrombotic therapy. In Table 2, we show that the
prevalence of discontinuation of antithrombotic therapy was higher in the AIS/TIA group
than in the non-AIS/TIA group. Furthermore, patients with high bleeding risk tend to have
a greater risk of thrombotic events [42]. In the present study, patients with major bleeding
might have both high bleeding risk and high ischemic risk.

Clinical implications in the present study should be noted. Since patients with cardio-
genic shock are obviously sick, those patients are usually followed up carefully in intensive
care units or coronary care units. New-onset AF should be recognized as a high-risk feature
for AIS/TIA, and the introduction of anticoagulant therapy followed by the cessation of
aspirin, with appropriate timing, should be considered once new-onset AF is detected.
However, the use of many catheters (≥4 catheters), trans-femoral approach, and major
bleeding have not been recognized as high-risk features for new-onset AIS/TIA in pa-
tients with STEMI. It may be useful to share this information with physicians and other
medical staff, because early detection of AIS is closely associated with good neurological
outcomes [43].

Furthermore, to reduce the risk of developing AIS/TIA, we should pay attention
to the total number of catheters in primary PCI. Lee et al. demonstrated the usefulness
of a single-catheter PCI strategy by using a universal catheter (Ikari left) in primary PCI
for STEMI [44]. A single-catheter PCI strategy, if possible, may be reasonable to reduce
new-onset AIS in primary PCI. In addition, if we perform diagnostic coronary angiography
to the non-culprit artery first, followed by diagnostic coronary angiography to the culprit
artery using a guiding catheter, we can reduce the average number of catheters used from
three to two [45]. Regarding trans-femoral approach, which was another modifiable factor,
we should consider using trans-radial approach first, even if patients are in cardiogenic
shock. In comparison with trans-femoral approach, trans-radial approach in cardiogenic
shock is related to lower incidences of in-hospital death and access-site bleeding [46].
Ultrasound guidance would be useful when radial artery puncture is difficult [47]. We
showed that cardiogenic shock and BARC type 3 or 5 bleeding were associated with
AIS/TIA. Avoiding trans-femoral approach may result in the reduced incidence of AIS/TIA
thorough direct effect (less damage to aortic plaque and subsequent dissemination) and
indirect effect (reduction of bleeding complication). When trans-femoral approach is
selected, it would be better to use small lumen catheters, because the gap between the large
catheter’s lumen and the guidewire may scrape the vulnerable plaque from the aortic arch
and the descending aorta.
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The present study has the following limitations. First, we might have missed poten-
tial AIS/TIA cases when brain imaging was not available. We might also have missed
asymptomatic ischemic stroke because we defined the AIS/TIA as symptomatic cases with
a diagnostic finding of head imaging. Although we tried to consult with neurologists for
the diagnosis of AIS/TIA, not all of the AIS/TIA cases underwent clinical evaluation by
neurologists. Second, we could not determine the AIS/TIA subtypes, such as thrombosis,
embolism, and hypoperfusion. Third, since this study was a retrospective single-center
study, there was a selection bias. Fourth, since the number of AIS/TIA was small, the mul-
tivariate logistic regression analysis could not include sufficient numbers of variables in the
final model. Fifth, compared with IABP and V-A ECMO, the number of Impella was small
in our institution, and this has been reported to be associated with several complications,
including stroke [48]. Sixth, we counted the cases with transition from radial access to
femoral access as trans-femoral approach, which might have resulted in a greater incidence
of AIS/TIA in trans-femoral approach than trans-radial approach. Finally, our definition
of cardiogenic shock did not include the biomarker evidence of hypoperfusion, such as
high serum lactate, which may be a cause of the relatively higher prevalence of cardiogenic
shock in our cohort. However, in the setting of STEMI with low blood pressure, immediate
invasive procedures, including insertion of mechanica support, are sometimes inevitable to
rescue otherwise fatal cases.

6. Conclusions

In patients with STEMI who underwent primary PCI, new-onset AIS/TIA was sig-
nificantly associated with cardiogenic shock, new-onset AF, trans-femoral approach, the
use of ≥4 catheters in primary PCI, and BARC type 3 or 5 bleeding. We should recognize
these modifiable and unmodifiable risk factors for new-onset AIS/TIA for better clinical
outcomes in patients with STEMI.
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//www.mdpi.com/article/10.3390/jcm12030840/s1, Table S1: Characteristics of 39 AIS/TIA patients,
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