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BACKGROUND: The previous large-scale randomized controlled trial showed that routine thrombus aspiration (TA) during per-
cutaneous coronary intervention (PCI) was associated with an increased risk of stroke. However, real-world clinical evidence
is still limited.

METHODS AND RESULTS: We investigated the association between manual TA and stroke risk during primary PCl in the OACIS
(Osaka Acute Coronary Insufficiency Study) database (N=12 093). The OACIS is a prospective, multicenter registry of myocar-
dial infarction. The primary end point of the present study is stroke at 7 days. A total of 9147 patients who underwent primary
PCI within 24 hours of hospitalization were finally analyzed (TA group, n=4448, versus non-TA group, n=4699 patients). TA was
independently associated with risk of stroke at 7 days (odds ratio [OR], 1.92 [95% CI, 1.19-3.12]; £=0.008) in the simple logis-
tic regression model, while the multilevel random effects logistic regression model with hospital treated as a random effect
showed that manual TA was not associated with incremental risk of stroke at 7 days (OR, 0.91 [95% ClI, 0.71-1.16]; P=0.435).
The 7-day stroke risk of manual TA was significantly heterogeneous in different institutions (P =0.007).
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CONCLUSIONS: Manual TA during primary PCI for patients with acute myocardial infarction was independently associated with
the overall increased risk of periprocedural stroke. However, this result was substantially skewed because of institution spe-
cific risk variation, suggesting that the periprocedural stroke may be preventable by prudent PCI procedure or appropriate
periprocedural management.
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(TA) during primary percutaneous coronary inter-
vention (PCI) in myocardial infarction have been
graded as class lll in the most recent clinical guide-
lines."~3 This is primarily based on the results from the 2

Reoommendations for routine thrombus aspiration

major randomized trials, TASTE (Thrombus Aspiration
in ST-Elevation Myocardial Infarction in Scandinavia)*®
and TOTAL (Trial of Routine Aspiration Thrombectomy
With PCI Versus PCI Alone in Patients With STEMI).57
These large-scale randomized trials failed to show the
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CLINICAL PERSPECTIVE

What Is New?

e The present study from the large-scale real-
world East Asian acute myocardial infarction
registry showed that manual thrombus aspi-
ration during primary percutaneous coronary
intervention for patients with acute myocardial
infarction was independently associated with
the overall increased risk of periprocedural
stroke.

e However, this result was substantially skewed
because of institution-specific risk variation.

e The multilevel random effects logistic regres-
sion model with hospital treated as a random
effect showed that manual thrombus aspira-
tion was not associated with incremental risk of
periprocedural stroke.

What Are the Clinical Implications?

e (Clinical practice standards at the institutions
participating in the registry, as well as the ex-
pertise of the interventional cardiologists who
performed the procedures, may presumably
differ by institutions.

e The skewness observed in the present study
may have a strong message that the peripro-
cedural stroke can be preventable by pru-
dent procedure or appropriate periprocedural
management.

e Further operator-oriented and patient-selective
clinical trials would be warranted to accurately
investigate the clinical efficacy of manual throm-
bus aspiration.

Nonstandard Abbreviations and Acronyms

TA thrombus aspiration

clinical benefits of routine TA during primary PClin myo-
cardial infarction. Moreover, the TOTAL study showed
that routine TA during PCI was even associated with
an increased risk of stroke.®” However, despite such
recommendations from the guidelines, not a small
number of interventional cardiologists think that man-
ual TA still remains a practically useful tool, presumably
because they can feel some benefits from their clinical
experiences or generally positive evidences of TA from
the previous relatively small studies.®""

The primary mechanism of stroke was thought to
be embolization of thrombus or air to the brain during
the procedure.” Therefore, potential mechanisms of
increased incidence of stroke associated with man-
ual TA are thought to be closely related to insufficient
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procedural handling.”'? Given these potential mecha-
nisms, stroke related to manual TA should occur during
periprocedural period if it occurs. Furthermore, it must
be preventable by prudent PCI procedure.

Several study-level and patient-level meta-analyses
concluded that manual TA was associated with an
increased incidence of stroke.®'®' However, the
findings were always strongly driven by the results of
TOTAL study that accounts for more than half of the
study population of the meta-analyses. Moreover,
these meta-analyses mainly focused on the random-
ized controlled trials rather than real-world data. Real-
world clinical data with a comparative sample size to
the TOTAL study (N=10 064) would be helpful for in-
vestigating whether the manual TA is truly related to the
increased risk of stroke. In the present study, we aimed
to investigate the association between manual TA and
stroke risk using a large-scale Japanese prospective
multicenter registry of acute myocardial infarction (AMI)
(N=12 093).

METHODS

Our study data will not be made available to other re-
searchers for purposes of reproducing the results be-
cause of institutional review board restrictions.

Study Population

We used the OACIS (Osaka Acute Coronary
Insufficiency Study) database (N=12 093) to investigate
the impact of manual TA on the risk of stroke in patients
with AMI. The OACIS is a prospective, multicenter ob-
servational study designed to collect and analyze de-
mographic, procedural, and outcome data in patients
with AMI at 25 collaborating hospitals with cardiac
emergency units (UMINOOO004575). Written informed
consent was obtained from each patient. AMI was
diagnosed based on the World Health Organization
criteria, which requires that at least 2 of the following
3 criteria be met: (1) clinical history of central chest
pressure, pain or tightness lasting >30 minutes; (2)
ST segment elevation >0.1 mV in at least 1 standard
lead; and (3) a rise in serum creatinine phosphokinase
concentration to more than twice the normal labora-
tory value. All collaborating hospitals were encouraged
to enroll consecutive patients with AMI. We prospec-
tively collected data obtained by research cardiologists
and trained research nurses using a specific report-
ing form. The OACIS enrolled patients from 1998 to
2014 and followed them up until 2019. The study is
registered with the UMIN-CTR (University Hospital
Medical Information Network Clinical Trials Registry)
in Japan (ID: UMINOOOO04575). The study protocol
complied with the Helsinki Declaration. The study was
approved by the institutional ethics committee of each



Sotomi et al

participating institution. Details of the study design
and data collection are described elsewhere."1817 |n
this post-hoc subanalysis of the OACIS registry, we
analyzed patients who underwent primary PCI within
24 hours of hospitalization. Patients who underwent
PCl >24 hours after hospitalization, who did not un-
dergo primary PCI, who underwent thrombolysis, or
who used percutaneous cardiopulmonary support
were excluded from the analysis.

PCI Procedure and Post-PCIl Medication

Manual TA and other treatment strategies including
predilatation, atherectomy, stenting, distal protection,
postdilatation, and use of intracoronary imaging were
performed at the operators’ discretion. Mechanical TA
catheter was not used in the present study. Post-PCI
medications were prescribed at the attending physi-
cians’ discretion. Physicians were encouraged to fol-
low the standard guideline for the treatment of AMI.®

Study End Points

The primary end point of the present study was stroke
at 7 days. Secondary end points were stroke from day
7 1o hospital discharge, in-hospital stroke, and stroke
after hospital discharge up to final follow-up.

Stroke was defined as a neurological deficit per-
sisting >24 hours attributed to an acute focal injury of
the central nervous system by a vascular cause, in-
cluding cerebral infarction, intracerebral hemorrhage,
and subarachnoid hemorrhage. It was diagnosed and
adjudicated by on-site investigators. Information on the
clinical event was collected by local investigators when
visiting outpatient clinics or through verbal or written
contact with patients or family members.

Statistical Analysis

All analyses were performed using SPSS 26.0 (IBM
Corporation, Armonk, NY) or R software (version
4.0.0; R Foundation for Statistical Computing, Vienna,
Austria). P value of <0.05 was considered statistically
significant.

Eligible patients were divided into 2 groups: TA
group versus non-TA group. Data are presented with
listwise deletion. Categorical variables are expressed
as counts (percentages) and compared with the Chi-
squared test or Fisher exact test. Continuous variables
are expressed as mean (SD) or median (interquartile
range) and compared using Student t-test or the Mann—
Whitney U-test as appropriate. Because excluding
missing data cases can cause bias in this analysis and
loss of power for detecting a statistical difference, we
used the Multivariate Imputation by Chained Equations
(MICE) method. The MICE approach is an established
imputation method for creating multiple complete
data sets in which missing values are replaced with
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estimates from a specified regression model using the
observed data. We created 10 data sets with 20 iter-
ations using the MICE package in R and used 1 ran-
domly selected data set for the following analysis.

As to the in-hospital stroke events, crude inci-
dence during overall hospitalization was calculated.
Hospitalization period was further divided into first
7 days and from 7-day to hospital discharge. Odds
ratios (ORs) with 95% CI were estimated using a sim-
ple logistic regression model for these short-term end
points. TA was the variable of interest and the other co-
variates in the models were as follows: age, sex (men,
women), body mass index, comorbidities (hyperten-
sion, diabetes, dyslipidemia, chronic kidney disease),
history of myocardial infarction, history of cerebrovas-
cular disease, history of cancer, atrial fibrillation, ST
elevation and abnormal Q wave on ECG, Killip clas-
sification lll or IV, pre-PCI thrombolysis in myocardial
infarction grade, target vessel (right coronary artery
versus non- right coronary artery), distal protection
(yes, no), stenting (yes, no), use of intra-aortic balloon
pump, and echocardiographic findings (left ventricular
ejection fraction and left ventricular aneurysm). These
clinically relevant covariates were selected based on
the clinical consensus. Because potential mechanisms
of stroke associated with manual TA are thought to be
closely related to insufficient procedural handling,”? it
is plausible that risk of stroke is heterogeneous in dif-
ferent hospitals. Therefore, we used multilevel logistic
regression models, with hospital treated as a random
effect and the abovementioned variables as fixed ef-
fect, to consider a possible heterogeneity of stroke risk
by manual TA in different institutions. As a sensitivity
analysis, different models with a smaller number of
essential variables were created to confirm the con-
sistency of the impact of TA on short-term end points
with following variables: age, sex, comorbidities (hy-
pertension and diabetes), history of cerebrovascular
disease, history of cancer, atrial fibrillation, Killip clas-
sification Ill or IV, and use of intra-aortic balloon pump.
Subgroup analysis was done according to character-
istics of participating institutions (high volume center
[>1000 cases versus <1000 cases], TA performance
rate [>50% versus <50%], higher and lower stroke risk
[divided by median value of OR for the primary end
point]) using the simple logistic regression models. A
Forest plot is used to illustrate the treatment effect for
the primary end point in different subgroups with inter-
action. Bonferroni correction was used for the adjust-
ment of multiple comparisons. P value of <0.017 was
considered statistically significant.

As for the stroke events after hospital discharge up
to final follow-up, differences in survival curves between
TA groups versus non-TA group were estimated by the
Kaplan-Meier method and analyzed using the log-rank
test. Study follow-up started at the time of hospital
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discharge. Hazard ratios (HRs) with 95% CI were esti-
mated using the Cox proportional hazards model. TA
was the variable of interest and the other covariates in
the models were as follows: age, sex (men, women),
body mass index, comorbidities (hypertension, diabe-
tes, dyslipidemia, chronic kidney disease), history of
myocardial infarction, history of cerebrovascular dis-
ease, history of cancer, atrial fibrillation, ST elevation
and abnormal Q wave on ECG, Killip classification Ill or
IV, pre PCI thrombolysis in myocardial infarction grade,
target vessel (right coronary artery versus non-right
coronary artery), distal protection (yes, no), stenting
(yes, no), intra-aortic balloon pump use, echocardio-
graphic findings (left ventricular ejection fraction, left
ventricular thrombus, and left ventricular aneurysm)
and medications at hospital discharge (angiotensin-
converting enzyme inhibitor or angiotensin Il receptor
blocker, and beta blocker]. Anticoagulants and statins
were not included in the model because of strong cor-
relations with atrial fibrillation and dyslipidemia, respec-
tively. Since antiplatelet agents were used in most of
the cohort, we did not involve the factor in the model.
These clinically relevant covariates were selected
based on the clinical consensus. The proportional
hazards assumption of TA for stroke was confirmed
by Schoenfeld residuals (P=0.700). A sensitivity analy-
sis was performed with a Fine—Gray model to account
for the competing risk of all-cause death from stroke.'®
We calculated E-value to assess how robust associ-
ations are to potential unmeasured or uncontrolled
confounding.’® The E-value is defined as the minimum
strength of association on the risk ratio scale that an
unmeasured confounder would need to have with both
the treatment and the outcome to fully explain away
a specific treatment-outcome association, conditional
on the measured covariates.'

Thrombus Aspiration and Stroke

RESULTS

Patient Demographics

Among the 12 093 patients enrolled between 1998
and 2014, 9147 eligible patients were finally ana-
lyzed (Figure 1). The TA group and the non-TA group
consist of 4448 and 4699 patients, respectively.
Baseline demographics of patients in the TA and
non-TA groups in the original data set are tabulated
in Table 1. Pre-PCl thrombolysis in myocardial in-
farction flow grade was worse, stent implantation
was more frequently performed, and prescription
rates of beta blocker and statin were higher in the
TA group than in the non-TA group. TA performance
rate gradually increased in the study period (P for
trend <0.001; Cochran-Armitage trend test) (Figure
S1). Baseline demographics of patients analyzed
and those excluded from the analysis are presented
in Table S1.

Stroke

The median length of hospital stay was 18 [14, 25] ver-
sus 23 [15, 31] days in the TA group versus non-TA
group, respectively (P<0.001). A total of 86 patients ex-
perienced the primary end point of stroke during the
first 7 days. In this periprocedural period, incidence
of stroke was significantly higher in the TA group than
in the non-TA group [53/4448 (1.19%) versus 33/4699
(0.70%), P=0.015] (Figure 2). Annual incidence of the
primary end point increased as the TA performance
rate got higher (P for trend=0.031) (Figure S1). There
were no significant differences in the secondary end
points of stroke from day 7 to hospital discharge, in-
hospital stroke, and stroke after discharge up to final
5-year follow-up.

AMI patients in OACIS registry
from 1998 to 2014
N=12,093

Patients who underwent primary PCl > 24 hours

Patients who did not undergo primary PCl

after hospitalization
N =426

N=1,588

PCPS; N = 449

Thrombolysis; N = 483

TA group

Thrombus Aspiration performed
N = 4,448

Non-TA group
Thrombus Aspiration not performed
N = 4,699

Figure 1. Patient flowchart.

AMI indicates acute myocardial infarction; OACIS, Osaka Acute Coronary Insufficiency Study; PCI,
percutaneous coronary intervention; PCPS, percutaneous cardiopulmonary support; and TA, thrombus

aspiration.
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Table 1. Patient Characteristics

Thrombus Aspiration and Stroke

TA group non-TA group P value Missing (%)
Patients, n 4448 4699
Age, y 66.0 (58.0-75.0) 67.0 (58.0-75.0) 0.005 0
Male sex 3458 (77.8) 3522 (75.0) 0.002 0
Diabetes 1361 (31.4) 1662 (36.4) <0.001 2.7
Hypertension 2719 (62.9) 2767 (60.8) 0.040 3
Dyslipidemia 1938 (45.3) 1976 (44.1) 0.242 4.2
Smoking 2842 (65.2) 2887 (63.2) 0.052 2.4
Chronic kidney disease 286 (6.6) 342 (7.6) 0.056 3.4
Atrial fibrillation 299 (6.8) 236 (5.2) 0.001 2
Prior myocardial infarction 425 (9.7) 610 (13.4) <0.001 2.3
History of cerebrovascular 376 (8.6) 432 (9.6) 0.108 3.4
disease
History of cancer 281 (6.4) 236 (5.3) 0.020 3.4
Systolic blood pressure on 136.0 (116.0-155.0) 138.0 (117.0-158.0) 0.019 29.3
admission, mm Hg
Diastolic blood pressure on 80.0 (68.0-92.0) 80.0 (68.0-92.0) 0.349 30.8
admission, mm Hg
Heart rate on admission, bpm 77.0 (64.0<90.0) 79.0 (65.50-94.0) <0.001 29.5
Low-density lipoprotein 121.0 (98.0-147.0) 119.0 (94.0-145.0) 0.087 60.3
cholesterol, mg/dL
HbATc, % 5.60 (5.20-6.40) 5.60 (5.10-6.70) 0.995 24.2
Killip class Il or IV 315 (7.1) 455 (9.7) <0.001 0
ST elevation on ECG 3944 (89.6) 3921 (84.9) <0.001 1.4
Abnormal Q wave on ECG 1907 (44.7) 2153 (47.2) 0.020 3.5
Time from symptom onset to 3.50 (2.0-8.60) 5.0 (2.50-14.0) <0.001 13.6
primary PCI, hour
Culprit vessel
Right coronary artery 1772 (40.4) 1440 (32.5) <0.001 3.6
Left main trunk or left anterior 2061 (46.9) 2317 (62.3) <0.001 3.6
descending artery
Left circumflex artery 630 (14.4) 727 (16.4) 0.008 3.6
TIMI grade pre PCI <0.001 16.8
TIMI O 1979 (58.6) 2260 (52.2)
TIMI 1 422 (12.5) 443 (10.2)
TIMI 2 631 (18.7) 857 (19.8)
TIMI 3 343 (10.2) 771 (17.8)
Collateral blood flow (+) 1456 (33.6) 1520 (33.0) 0.537 2.2
Distal protection performed 563 (12.7) 138 (2.9) <0.001 0
Stenting performed 3847 (86.5) 2499 (53.2) <0.001
Post-PCl laboratory data
Peak CK, IU/L 2275.0 (1115.0-4083.0) 1769.50 (828.0-3437.25) <0.001 42
Peak CK-MB, IU/L 211.0 (104.0-380.0) 152.0 (68.0-287.50) <0.001 108
Medication at discharge
ACEi or ARB 3489 (81.3) 3219 (73.7) <0.001 5.3
Beta blocker 2834 (66.1) 2091 (47.9) <0.001 5.3
Statin 2623 (61.1) 1866 (42.7) <0.001 5.3
Antiplatelets 4218 (98.3) 4292 (98.3) 0.890 5.3
Anticoagulants 597 (13.9) 772 (17.7) <0.001 5.3
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Table 1. Continued
TA group non-TA group P value Missing (%)
LVEF 53.55 [45.12, 60.35] 54.61 [45.32, 61.65] 0.008 27.9
LV thrombus 36 (1.1) 43 (1.3) 0.540 28.6
LV aneurysm 47 (1.5) 84 (2.6) 0.003 29.5
Length of hospitalization, d 18.0 [14.0, 25.0] 23.0 [15.0, 31.0] <0.001 0
Enroliment period, y <0.001 0
1998-2003 758 (17.0) 2859 (60.8)
2004-2009 2175 (48.9) 1302 (27.7)
2010-2014 1515 (34.1) 538 (11.4)

Data are expressed as median [interquartile range] or number (percentage). ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin Il
receptor blocker; CAG, coronary angiography; CK, creatine kinase; CK-MB, creatine kinase myocardial band; PCI, percutaneous coronary intervention; TA,

thrombus aspiration; and TIMI, thrombolysis in myocardial infarction.

TA was independently associated with risk of stroke at
7 days (OR, 1.92 [95% CI, 1.19-3.12]; P=0.008) in the
simple logistic regression model, whereas it was not
in the multilevel model (OR, 0.91 [95% ClI, 0.71-1.16];
P=0.435) (Table 2). The E-value to assess the potential
effect of unmeasured confounding on the risk assess-
ment for the primary end point was 3.26. TA was not
associated with stroke from day 7 to hospital discharge
or in-hospital stroke in both models (Table S2 and S3).
These findings were consistent with those presented by
different models as a sensitivity analysis (Table S4, S5,
and S6). Figure S2 and S3 show scatter plots of 7-day
stroke incidences by institutions. No significant relation-
ship was found between TA performance rate, case
numbers enrolled, and incidence of 7-day stroke. The
treatment effect for the primary outcome in several hos-
pital subgroups is shown in Figure 3. It was consistent
irrespective of procedural volume and TA performance

rate of institutions. However, some specific institutions
had substantially high risk of 7-day stroke (3 institutions
showed OR >10). In the low-risk institutions (divided by
the median OR), the incremental risk was not statisti-
cally significant (OR, 0.83 [95% CI, 0.40-1.74]; P=0.628),
whereas in the high-risk institutions, manual TA was in-
dependently associated with periprocedural stroke (OR,
4.02 [95% Cl, 1.85-8.74]; P<0.001) (P 1o/ interaction=0-007).
Patient characteristics in the low-risk and high-risk insti-
tutions are summarized in Table S7.

After discharge, stroke occurred in 78 patients
(1.75%) in the TA group versus 107 patients (2.28%)
in the non-TA group, respectively (P=0.075). The me-
dian follow-up duration was 1805 days (interquartile
range, 748-1832). Kaplan—Meier analysis showed
that there was no significant difference in the rate
of stroke between both groups (Log rank, P=0.133)
(Figure 4). Multivariable Cox proportional hazard model

(%) Incidence of Stroke
3.00 P =0.075
2.50 2.28
P=0.180 2.02
2.00 P=0.015 . 1.75
_
1.50 1.37
1.19 P =0.855
1.00 0.94
0.70
0.490.470.48
I i
0.00
Admission to 7-day 7-day to discharge in-hospital After discharge
up to 5 years
W TA group non-TA group M Overall cohort
Figure 2. Incidence of the primary and secondary end points.

TA indicates thrombus aspiration.
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Table 2. Impact of Thrombus Aspiration on the Primary End Point

Thrombus aspiration 1.92 (119-3.12) 0.008 0.91 (0.71-1.16) 0.435
Male sex 1.12 (0.68-1.86) 0.655 0.98 (0.74-1.30) 0.904
Age,y 1.04 (1.01-1.06) 0.002 1,00 (0.98-1.01) 0.384
Body mass index, kg/m? 0.99 (0.92-1.06) 0.694 1.00 (0.97-1.04) 0.849
Hypertension 1.08 (0.66-1.76) 0.761 1.00 (0.78-1.27) 0.976
Prior myocardial infarction 0.82 (0.40-1.69) 0.587 1.04 (0.72-1.50) 0.856
History of cerebrovascular disease 1.94 (1.11-3.40) 0.020 0.84 (0.58-1.22) 0.357
Diabstes 1.55 (0.97-2.45) 0.065 0.94 (0.74-1.20) 0631
Dyslipidemia 0.75 (0.46-1.22) 0.245 1.03 (0.81-1.31) 0.816
Chronic kidney disease 1.09 (0.51-2.33) 0.832 0.96 (0.62-1.49) 0.860
History of cancer 1.06 (0.48-2.35) 0.879 0.99 (0.61-1.60) 0.966
ST elevation on ECG 0.98 (0.51-1.91) 0.957 0.99 (0.70-1.41) 0.968
Abnormal Q wave on ECG 1.09 (0.70-1.71) 0.700 0.99 (0.78-1.25) 0.925
Right coronary artery 0.81 (0.51-1.30) 0.390 1.04 (0.82-1.32) 0.762
Atrial fibrillation 1.68 (0.88-3.20) 0116 0.86 (0.55-1.35) 0.517
Killip class Il or IV 1.42 (0.74-2.70) 0.290 0.91 (0.60-1.38) 0.645
Stenting performed 0.86 (0.51-1.44) 0.556 1.03 (0.78-1.35) 0.848
TIMI grade pre-PCl 1.02 (0.83-1.25) 0.852 0.99 (0.90-1.10) 0.905
LVEF 1.01 (0.99-1.03) 0.382 1.00 (0.99-1.01) 0.648
LV aneurysm 2.79 (0.93-8.37) 0.072 0.87 (0.42-1.81) 0.715
IABP 1.68 (1.00-2.82) 0.051 0.90 (0.66-1.23) 0.512
Distal protection 1.41 (0.68-2.91) 0.356 0.94 (0.61-1.45) 0.789

Data are expressed as odds ratio with 95% ClI. In the multilevel logistic regression model, each hospital was treated as a random effect. Results of
the multivariable adjusted models are tabulated. IABP indicates intra-aortic balloon pump; LV, left ventricular; LVEF, left ventricular ejection fraction; PCI,
percutaneous coronary intervention; and TIMI, thrombolysis in myocardial infarction.

presented no significant impact of TA on stroke inci-
dence after discharge (HR, 0.80 [95% CI, 0.58-1.11],
P=0.182) (Table S8). The sensitivity analysis with Fine
and Gray model also consistently showed the limited
impact of TA on stroke events (HR, 0.83 [95% Cl, 0.59—
1.15], P=0.260). The E-value to assess the potential ef-
fect of unmeasured confounding was 1.79.

DISCUSSION

The key findings of the present study are as follows:
(1) manual TA during primary PCI for patients with AMI
was independently associated with the increased risk
of 7-day stroke in the overall cohort; (2) this finding
was consistently observed irrespective of high volume
center or TA performance rate; (3) however, the ob-
served incremental stroke risk was substantially driven

J Am Heart Assoc. 2021;10:e022258. DOI: 10.1161/JAHA.121.022258

by the results of some specific institutions; and (4) the
multilevel random effects logistic regression models
with hospital treated as a random effect presented the
non-incremental risk of 7-day stroke by manual TA.
Not a small number of interventional cardiologists
still perform TA, which may be because they feel some
benefits from their clinical experiences. Previous small
studies showed possible beneficial effects of TA: im-
proved thrombolysis in myocardial infarction flow
grade after PCI,8'° prevention of microvascular ob-
struction,'® an efficient procedure with a reduced num-
ber of stents, short stent length and large stent size.®
These surrogate end points showed positive effects of
manual TA in general. However, despite these support-
ive reports, the large landmark randomized trials failed
to show the possible benefits of manual TA in terms
of a composite end point of cardiovascular death,
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TA group non-TA group

High volume center
<1000 cases enrolled 14/1286 (1.1%) 17/1886 (0.9%)
> 1000 cases enrolled 39/3162 (1.2%) 16/2813 (0.6%)
High TA performance rate
Institutions (TA < 50% cases) 18/1781 (1.0%) 17/2910 (0.6%)
Institutions (TA > 50% cases) 35/2667 (1.3%) 16/1789 (0.9%)
Stroke risk (divided by median)
Higher risk (6 institutions) 36/2719 (1.3%) 10/2339 (0.4%)

Lower risk (19 institutions) 17/1729 (1.0%) 23/2360 (1.0%)

OR (95% Cl) P value ::1 :’:::;If:;
0.152
BN 1.49 (0.65, 3.40) 0.341
[ — 2.24(1.19, 4.22) 0.013
0.323
— 2.30(1.09, 4.83) 0.028
—4—— 1.59 (0.83, 3.05) 0.159
0.007
——@——  4.02(1.85,8.74) <0.001
—— 0.83(0.40, 1.74) 0.628
1 10
Odds ratio ———
TA better TA worse

Figure 3. Subgroup analysis.

A Forest plot is used to illustrate the primary end point stroke (at 7 days) in different subgroups with interaction for treatment effect
assessed. Bonferroni correction was used for the adjustment of multiple comparisons. P value of <0.017 was considered statistically

significant. OR indicates odds ratio; and TA, thrombus aspiration.

recurrent myocardial infarction, cardiogenic shock,
or New York Heart Association class IV heart failure;
or rather showed the increased risk of stroke in the
TOTAL study.*"'3 Based on these evidences, the cur-
rent clinical guidelines grade routine TA during primary
PCI as class IIl.'=® The primary mechanism of stroke
was thought to be embolization of thrombus or air to
the brain during the procedure.” Therefore, stroke as-
sociated with manual TA are thought to be closely re-
lated to insufficient procedural handling.’® A thrombus
that cannot be fully aspirated is at risk of fracturing and
shedding fragments into the systemic vasculature, par-
ticularly if fragments are sheared off as it is withdrawn
into the guide catheter. A thrombus that cannot be fully
aspirated through the catheter is at risk of exiting the
aspiration catheter intact and entering the systemic
vasculature, particularly if suction is not maintained on
the aspiration catheter as it is withdrawn. In both cases,
the risk may be increased if the guide catheter is not
engaged in the artery when the aspiration catheter is
withdrawn. Given these mechanisms, the excess risk
of stroke should be observed in the periprocedural pe-
riod. In this real-world East Asian AMI registry, we de-
tected a significant difference in the primary end point
(stroke at 7 days) between the TA- and non-TA groups.
In the detailed analysis of stroke in the TOTAL studly,?°
the difference in stroke rates was apparent within
48 hours of primary PCI (15 [0.3%] versus 5 [0.1%], HR
3.00 [95% Cl, 1.09-8.25]) but not at 12 hours after pri-
mary PCI (7 [0.14%] versus 4 [0.08%)], HR 1.75 [95% ClI,
0.51-5.98], P=0.37). Although we could not assess the
incidences of 12 hours or 48 hours because of lack of
data, our finding was consistent with that from TOTAL
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trial. Several meta-analyses consistently reported the
significant risk of stroke. Nevertheless, it was always
driven by the results of the TOTAL study.®'3-'® The other
large-scale trials, TASTE and TAPAS (The Thrombus
Aspiration during Percutaneous Coronary Intervention
in Acute Myocardial Infarction Study), did not show the
excess of stroke events.#518:21

In comparison with the findings from the simple
logistic regression models, the random-effects logis-
tic regression models did not show the incremental
periprocedural stroke risk of manual TA in this study.
The harmful impact of manual TA was totally cancelled
when considering hospitals treated as a random effect
(Figure 5). Furthermore, our subgroup analysis showed
the incremental risk of periprocedural stroke observed
in the overall cohort was substantially driven by some
specific institutions, which is however unexpectedly ir-
respective of high-volume center or TA performance
rate (Figure 3). This implies that the incremental risk
of stroke was some specific operators-dependent,
which could not be assessed by the abovementioned
parameters like TA performance rate and case number
enrolled. Wide variety of medical standards in partici-
pating hospitals would also contribute to this finding.
The periprocedural management in cath laboratories
or cardiac care units is of paramount importance. It
would be plausible that this might happen also in
TOTAL study. High risk institutions and low risk insti-
tutions possibly coexisted also in TOTAL study. The
overall finding may be driven by some specific high-
risk institutions. This would explain the inconsistent re-
sults in large-scale trials including, TASTE, TAPAS, and
TOTAL studigs.4"13:20.22
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Cumulative incidence of stroke (%)
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Number at risk
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Days of Follow-up

TA group 4,448 3,574 2,992
Non-TA group 4,699 3,719 3,332

1085 1460 1825

2,541 2,031 542
2,949 2,430 400

Figure 4. Kaplan-Meier estimates for stroke after discharge.

Shown are the cumulative incidence of stroke after hospital discharge in the thrombus aspiration group
(red line) and the non-thrombus aspiration group (black dotted line) up to 5 years. The median follow-up
duration was 1805 days (interquartile range, 748-1832). The inset shows a more detailed view of the same
data up to a probability of 5.0%. Kaplan-Meier analysis showed that there was no significant difference
in the rate of stroke between both groups (Log rank, P =0.133). Main reason of the gradual decrease of

number at risk was lost to follow-up.

On the contrary to the findings of TOTAL study, con-
tinuous effect of TA on long-term stroke rates was not
observed in the present study. Although unknown po-
tential mechanisms influencing on the continuous risk
of stroke could exist,? it would be presumably a play of
chance, given therelatively smallnumber of eventsin the
TOTAL study. Nonetheless, our findings should also be
interpreted with caution because of the observational
study design and long-term enrollment period (1998-
2014). We focused on stroke rather than the other ef-
ficacy outcomes in the present study. This is because
it seems challenging to perform a scientifically sound
analysis because of numerous confounders such as
un-prespecified PCl and medication strategy and
very long enrolliment period (1998-2014). During this
long enrollment period, optimal medical therapy with
angiotensin-converting enzyme inhibitor/angiotensin ||
receptor blocker, beta blocker, and statin has been es-
tablished; PCI with drug-eluting stents rather than bare
metal stents has become the main strategy for primary
PCl.?* These drastic changes strongly affect the clini-
cal outcomes including stroke at long-term, myocardial
infarction, revascularization, heart failure readmission,
all-cause death, and the composite end point of these
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outcomes. On the other hand, stroke, especially in the
periprocedural period, should not be affected by these
confounders. When assessing the impact of manual
TA on 7-day stroke, the impact of the confounders may
be limited. Important differences in thrombogenicity
and propensity for bleeding complications also exist
between White and East Asian patients.?>26 East Asian
patients, in general, have a higher bleeding risk and
a lower thrombogenic risk than White patients, which
might have influenced on the long-term results of this
study. Generalizability of the current findings should be
further tested in other populations.

Clinical Implications

This study demonstrated that in the real-world East
Asian clinical practice, manual TA was not associated
with the incremental risk of stroke. However, there
was the significant heterogeneity of stroke risk by
manual TA in participating hospitals (Figure 5). Clinical
practice standards at the institutions participating in
this registry, as well as the expertise of the interven-
tional cardiologists who performed the procedures,
may presumably differ by institutions. This point may
have a strong message that the periprocedural stroke



Sotomi et al

Thrombus Aspiration and Stroke

Heterogeneity of periprocedural stroke risk of
manual thrombus aspiration by institutions

//ﬂjw risk institutioD Ggh risk institutim
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BBED
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P =0.008%
OR0.83(0.40,1.74)  OR4.02 (1.85, 8.74)
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Multilevel logistic regression model with institutions treated as a random effect
OR 0.91 (0.71, 1.16), P = 0.4357

Figure 5. Heterogeneity of periprocedural stroke risk of manual thrombus aspiration by
institutions.

Manual TA during primary percutaneous coronary intervention for patients with acute myocardial
infarction was independently associated with the overall increased risk of periprocedural stroke in the
simple logistic regression model (odds ratio [OR], 1.92 [95% ClI, 1.19-3.12]; P=0.0088). However, this result
was substantially skewed because of institution specific risk variation. In the low-risk institutions, the
incremental risk was not statistically significant (OR, 0.83 (95% CI, 0.40-1.74), P=0.628"), whereas in the
high-risk institutions, manual TA was independently associated with periprocedural stroke (OR, 4.02 [95%
Cl, 1.85-8.74]; P<0.001") (P o, interaction=0-007%). The multilevel random effects logistic regression model
with hospital treated as a random effect showed that manual TA was not associated with incremental risk
of stroke at 7 days (OR, 0.91 [95% CI, 0.71-1.16]; P=0.435"). OR indicates odds ratio; and TA, thrombus

aspiration.

can be preventable by prudent procedure or appro-
priate periprocedural management. Even though the
routine performance of manual TA does not provide
beneficial clinical impact regarding cardiovascular
death, recurrent myocardial infarction, and heart fail-
ure in the overall patients, efficient procedure with
TA would be beneficial for physicians and patients in
some cases.® In order to prove the possible clinical
efficacy suggested by the abovementioned positive
results in surrogates, further operator-oriented and
patient-selective large-scale long-term study would
be warranted.

Study Limitations

Several limitations should be acknowledged. First,
we used an observational study design, rather than
a randomized design, which would limit our findings
hypothesis-generating. As the impact of unmeasured
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confounding factors was presented by E-value of 3.26,
the robustness of the current findings may be partly
confirmed. Second, the registry was performed in
Japan, which might impair the generalizability of the
results to the other countries and populations because
of the racial differences and disparity of the clinical
practice. Third, although it is unlikely that there was an
underreporting of stroke events because independent
clinical research coordinator systematically monitored
clinical data of overall patients, event adjudication
performed by on-site investigators rather than an in-
dependent event adjudication committee might have
resulted in underestimation or overestimation of the
clinical events. Also, the definition of stroke might be
outdated as compared with the most updated defi-
nition.2” Detailed classification of stroke (ischemic or
hemorrhagic) was not available either. Fourth, PCI op-
erators’ data was not available in our dataset, which
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does not allow us to investigate the relationship be-
tween physicians’ experience and periprocedural
stroke risk. Finally, medical therapy might have influ-
enced long-term stroke rates. Although we statistically
adjusted these confounders, unknown and unmeas-
ured confounders cannot be adjusted enough, which
is the inevitable limitation of the observational study.
However, the impact of these potential confounders on
“periprocedural” stroke events should be very limited
as mentioned above.

CONCLUSIONS

The present study from the large-scale real-world East
Asian AMI registry showed that manual TA during pri-
mary PClI for patients with AMI was independently asso-
ciated with the overall increased risk of periprocedural
stroke. However, this result was substantially skewed
because of institution specific risk variation, suggesting
that the periprocedural stroke may be preventable by
prudent PCI procedure or appropriate periprocedural
management. Further operator-oriented and patient-
selective clinical trials would be warranted to accurately
investigate the clinical efficacy of manual TA.
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Figure S1. Serial change of TA performance rate.

Patients were enrolled from 1998 to 2014. Serial change of TA performance rate and
incidence of periprocedural stroke (at 7 days) are illustrated as line charts. Bar charts indicate
annual number of patient enrollment. TA performance rate and periprocedural stroke
incidence gradually increased in the study period (P for wend < 0.001, P for trenda = 0.031,

respectively; Cochran-Armitage trend test). Abbreviations: TA, thrombus aspiration.
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Figure S2. Scatter plots of 7-day stroke incidence and thrombus aspiration performance
rate by institutions.

Shown are scatter plots of 7-day stroke incidence by institutions. Each plot shows each
institution. Horizontal axis indicates the performance rate of thrombus aspiration. Vertical
axis shows the incidence of the primary endpoint (stroke at 7 days). No significant

relationship was found between thrombus aspiration performance rate and incidence of stroke

at 7 days.
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Figure S3. Scatter plots of 7-day stroke incidence and procedural volume by

institutions.

Shown are scatter plots of 7-day stroke incidence by institutions. Each plot shows each
institution. Horizontal axis indicates sample size in each institution. Vertical axis shows
the incidence of the primary endpoint (stroke at 7 days). No significant relationship was

found between procedural volume and incidence of stroke at 7 days.
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Table S1. Patient characteristics (included vs. excluded from the analysis)

Missing
Patients excluded Patients analysed P value

(%0)
Patients, n 2946 9147
Age, years 68.0[59.0, 77.0] 66.0 [58.0, 75.0] <0.001 0
Male sex 2116 (71.8) 6980 (76.3) <0.001 0
Diabetes mellitus 986 (35.3) 3023 (34.0) 0.191 33
Hypertension 1656 (59.9) 5486 (61.8) 0.079 3.7
Dyslipidaemia 1103 (40.5) 3914 (44.7) <0.001 5.1
Smoking 1643 (59.3) 5729 (64.2) <0.001 33
Chronic kidney disease 278 (9.9) 628 (7.1) <0.001 3.6
Atrial fibrillation 247 (8.8) 535 (6.0) <0.001 2.7
Prior myocardial infarction 365 (12.9) 1035 (11.6) 0.056 2.8
History of cerebrovascular disease 332 (11.8) 808 (9.1) <0.001 3.6

History of cancer 180 (6.4) 517 (5.8) 0.305 3.6



Systolic blood pressure on admission, mmHg
Diastolic blood pressure on admission, mmHg
Heart rate on admission, bpm
Low density lipoprotein cholesterol, mg/dL
HbAlc, %
Killip class III or IV
ST elevation on ECG
Abnormal Q wave on ECG
Time from symptom onset to primary PCI, hour
Culprit vessel
Right coronary artery
Left main trunk or left anterior descending artery
Left circumflex artery

TIMI grade pre PCI

Patients excluded

130.0 [109.0, 152.0]
78.0 [64.0, 90.0]

80.0 [67.0, 97.0]

107.60 [83.0, 136.40]

5.60 [5.10, 6.50]
646 (21.9)
2185 (77.6)
1374 (49.4)

5.0 [2.50, 15.50]

692 (31.5)
1152 (52.4)

377 (17.1)

Patients analysed

136.0 [117.0, 156.0]
80.0 [68.0, 92.0]
78.0 [65.0, 91.0]

121.0 [97.0, 146.0]
5.60 [5.20, 6.50]

770 (8.4)
7865 (87.2)
4060 (46.0)

4.0 [2.0, 11.0]

3212 (36.4)
4378 (49.7)

1357 (15.4)

P value

<0.001

<0.001

<0.001

<0.001

0.048

<0.001

<0.001

0.002

<0.001

<0.001

0.023

0.047

<0.001

Missing
(%)
33
34.7
33
63.9

27.2

2.1

19.7

8.9

8.9

8.9

20.9



TIMI 0
TIMI 1
TIMI 2
TIMI 3
Collateral blood flow (+)
Stenting performed
Post PCI laboratory data
Peak CK, IU/L
Peak CK-MB, IU/L
Medication at discharge
ACEi or ARB
Beta blocker
Statin

Antiplatelets

Patients excluded

834 (44.7)
193 (10.4)
306 (16.4)
531 (28.5)
650 (29.9)

868 (29.5)

1642.50 [744.25, 3888.25]

141.70 [63.0, 339.0]

1474 (65.3)
991 (43.9)
847 (37.5)

2142 (94.8)

Patients analysed

4239 (55.0)
865 (11.2)
1488 (19.3)
1114 (14.5)
2976 (33.3)

6346 (69.4)

2025.0 [956.0, 3800.0]

178.0 [85.0, 339.0]

6708 (77.5)
4925 (56.9)
4489 (51.8)

8510 (98.3)

P value

0.003

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Missing

(%)

8.1

14

9.7
9.7
9.7

9.7



Missing

Patients excluded Patients analysed P value
(%)
Anticoagulants 567 (25.1) 1369 (15.8) <0.001 9.7
LVEF 50.86 [40.47, 60.07] 53.85[45.21, 61.03] <0.001 31.7
LV thrombus 28 (1.6) 79 (1.2) 0.217 31.8
LV aneurysm 45 (2.6) 131 (2.0) 0.158 32.5
Length of hospitalization, days 22.0[12.0, 34.0] 20.0 [14.0, 29.0] 0.028 0
Enrolment period (year) <0.001 0
1998-2003 1607 (54.5) 3617 (39.5)
2004-2009 837 (28.4) 3477 (38.0)
20102014 502 (17.0) 2053 (22.4)

Data are expressed as median [interquartile range] or number (percentage). Abbreviations: TA, thrombus aspiration; ECG, electrocardiogram;
CAG, coronary angiography; TIMI, thrombolysis in myocardial infarction; PCI, percutaneous coronary intervention; CK, creatine kinase; CK-
MB, creatine kinase myocardial band; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker, LVEF, left

ventricular ejection fraction; LV, left ventricular.



Table S2. Impact of thrombus aspiration on the secondary endpoint of stroke from day 7 to hospital discharge.

Thrombus aspiration

Male sex

Age, year

Body mass index, kg/m2
Hypertension

Prior myocardial infarction
History of cerebrovascular disease
Diabetes mellitus

Dyslipidemia

Chronic kidney disease

History of cancer

Simple logistic regression model

Stroke from day 7 to hospital discharge

OR (95%CI)
1.27 (0.66, 2.44)
1.20 (0.59, 2.44)
1.03 (1.00, 1.07)
1.00 (0.92, 1.09)
1.88 (0.90, 3.90)
0.86 (0.35, 2.13)
1.25 (0.54, 2.88)
0.75 (0.38, 1.48)
0.89 (0.46, 1.70)
1.34 (051, 3.51)

1.31 (0.46, 3.74)

P value

0.468

0.609

0.038

0.987

0.092

0.746

0.604

0.404

0.724

0.558

0.621

Multilevel logistic regression model

Stroke from day 7 to hospital discharge

OR (95%CI)
0.98 (0.76, 1.27)
0.99 (0.74, 1.32)
1.00 (0.99, 1.01)
1.00 (0.97, 1.04)
0.96 (0.74, 1.24)
1.02 (0.70, 1.49)
0.97 (0.64, 1.46)
1.03 (0.80, 1.33)
1.01 (0.79, 1.29)
0.97 (0.61, 1.54)

0.97 (0.59, 1.61)

P value

0.876

0.920

0.683

0.974

0.731

0914

0.889

0.831

0.934

0.901

0.917




ST elevation on ECG 1.06 (0.43, 2.65) 0.899 1.00 (0.70, 1.43) 0.987
Abnormal Q wave on ECG 0.60 (0.32, 1.15) 0.123 1.04 (0.82, 1.33) 0.746
Right coronary artery 1.02 (0.54, 1.95) 0.944 1.00 (0.78, 1.28) 0.994
Atrial fibrillation 2.02 (0.89, 4.58) 0.093 0.88 (0.55, 1.42) 0.608
Killip class III or IV 2.02 (0.91, 4.49) 0.084 0.89 (0.58, 1.38) 0.603
Stenting performed 0.59 (0.30, 1.13) 0.111 1.05 (0.79, 1.38) 0.745
TIMI grade pre PCI 0.90 (0.67, 1.21) 0.476 1.01 (0.91, 1.12) 0.835
LVEF 0.99 (0.96, 1.01) 0.276 1.00 (0.99, 1.01) 0.775
LV aneurysm 1.91 (0.44, 8.35) 0.392 0.95 (0.43, 2.08) 0.893
IABP 1.75 (0.87, 3.52) 0.115 0.94 (0.68, 1.30) 0.712
Distal protection 0.69 (0.16, 2.95) 0.614 1.02 (0.64, 1.62) 0.933

Data are expressed odds ratio (OR) with 95% confidence interval (CI). In the multilevel logistic regression model, each hospital was treated as a
random effect. Results of the multivariable adjusted models are tabulated. Abbreviations: ECG, electrocardiogram; TIMI, thrombolysis in

myocardial infarction; IABP, intra-aortic balloon pump; LVEF, left ventricular ejection fraction; LV, left ventricular.



Table S3. Impact of thrombus aspiration on the secondary endpoint of in-hospital stroke.

Thrombus aspiration

Male sex

Age, year

Body mass index, kg/m2
Hypertension

Prior myocardial infarction
History of cerebrovascular disease
Diabetes mellitus

Dyslipidemia

Chronic kidney disease

History of cancer

Simple logistic regression model
in-hospital stroke
OR (95%CI)
1.46 (0.96, 2.21)
1.03 (0.66, 1.59)
1.03 (1.01, 1.05)
0.98 (0.92, 1.04)
1.39(0.89, 2.16)
0.82(0.45,1.51)
1.74 (1.06, 2.87)
1.25(0.83, 1.89)
0.76 (0.50, 1.18)
1.01 (0.51, 1.98)

0.96 (0.46, 2.00)

P value

0.075

0.912

0.002

0.512

0.149

0.527

0.030

0.280

0.221

0.984

0.902

Multilevel logistic regression model

in-hospital stroke

OR (95%CI)
0.93 (0.73, 1.19)
1.00 (0.76, 1.31)
1.00 (0.98, 1.01)
1.01 (0.97, 1.04)
0.95 (0.74, 1.21)
1.05 (0.73, 1.50)
0.83 (0.58, 1.20)
0.97 (0.76, 1.23)
1.04 (0.82, 1.31)
0.98 (0.64, 1.50)

1.02 (0.63, 1.63)

P value

0.561

0.994

0.335

0.780

0.663

0.793

0.320

0.780

0.751

0.924

0.943




ST elevation on ECG 0.92 (0.52, 1.62) 0.772 1.01 (0.72, 1.42) 0.954
Abnormal Q wave on ECG 0.87(0.59, 1.30) 0.499 1.03 (0.82, 1.29) 0.803
Right coronary artery 0.84 (0.55, 1.27) 0.402 1.04 (0.82, 1.32) 0.740
Atrial fibrillation 1.70 (0.97, 2.99) 0.065 0.83 (0.54, 1.27) 0.386
Killip class III or IV 1.80 (1.05, 3.06) 0.031 0.81 (0.55, 1.20) 0.286
Stenting performed 0.83 (0.53,1.29) 0.410 1.04 (0.80, 1.35) 0.784
TIMI grade pre PCI 1.00 (0.83, 1.20) 0.978 1.00 (0.91, 1.10) 0.989
LVEF 1.00 (0.98, 1.02) 0.710 1.00 (0.99, 1.01) 0.956
LV aneurysm 2.09 (0.72, 6.07) 0.181 0.94 (0.46, 1.95) 0.871
IABP 1.54 (0.98, 2.44) 0.063 0.89 (0.66, 1.21) 0.463
Distal protection 1.30 (0.66, 2.58) 0.451 0.95 (0.62, 1.45) 0.807

Data are expressed odds ratio (OR) with 95% confidence interval (CI). In the multilevel logistic regression model, each hospital was treated as a
random effect. Results of the multivariable adjusted models are tabulated. Abbreviations: ECG, electrocardiogram; TIMI, thrombolysis in

myocardial infarction; IABP, intra-aortic balloon pump; LVEF, left ventricular ejection fraction; LV, left ventricular.



Table S4. Impact of thrombus aspiration on the primary endpoint (Minimum model)

Thrombus aspiration

Male sex

Age, year

Hypertension

History of cerebrovascular disease
Diabetes mellitus

History of cancer

Atrial fibrillation

IABP

Killip class III or IV

Simple logistic regression model

Stroke at 7 days
OR (95%CI)
1.81 (1.17, 2.82)
1.12 (0.68, 1.85)
1.04 (1.02, 1.06)
0.99 (0.62, 1.58)
2.04 (1.19, 3.50)
1.43(0.92,2.21)
1.08 (0.49, 2.38)
1.74 (0.92, 3.29)
1.65 (1.00, 2.73)

1.38 (0.74, 2.58)

P value

0.008

0.661

0.000

0.968

0.010

0.113

0.846

0.086

0.052

0.309

Multilevel logistic regression model

Stroke at 7 days
OR (95%CI)
0.91 (0.73, 1.15)
0.99 (0.75, 1.30)
1.00 (0.98, 1.01)
1.00 (0.79, 1.28)
0.84 (0.58, 1.22)
0.95 (0.75, 1.21)
0.99 (0.61, 1.59)
0.86 (0.55, 1.34)
0.91 (0.67, 1.23)

0.92 (0.61, 1.38)

P value

0.434

0.921

0.335

0.975

0.359

0.674

0.949

0.507

0.538

0.676

Data are expressed odds ratio (OR) with 95% confidence interval (CI). In the multilevel logistic regression model, each hospital was treated as a
random effect. Results of the multivariable adjusted models are tabulated. Abbreviations: IABP, intra-aortic balloon pump.



Table SS5. Impact of thrombus aspiration on the secondary endpoint of stroke from day 7 to hospital discharge (Minimum model)

Simple logistic regression model Multilevel logistic regression model
Stroke from day 7 to hospital discharge Stroke from day 7 to hospital discharge

OR (95%CI) P value OR (95%CI) P value
Thrombus aspiration 1.07 (0.59, 1.95) 0.819 0.99 (0.79, 1.26) 0.964
Male sex 1.20 (0.60, 2.42) 0.606 0.99 (0.74, 1.32) 0.926
Age, year 1.04 (1.01, 1.07) 0.024 1.00 (0.99, 1.01) 0.662
Hypertension 1.79 (0.87, 3.68) 0.112 0.96 (0.75, 1.23) 0.753
History of cerebrovascular disease 1.27 (0.56, 2.92) 0.569 0.97 (0.64, 1.46) 0.882
Diabetes mellitus 0.73 (0.38, 1.42) 0.354 1.03 (0.80, 1.32) 0.828
History of cancer 1.27 (0.45, 3.62) 0.652 0.97 (0.59, 1.61) 0.919
Atrial fibrillation 2.24 (1.01, 4.99) 0.048 0.87 (0.55, 1.40) 0.569
IABP 1.94 (0.98, 3.83) 0.056 0.93 (0.68, 1.28) 0.664
Killip class III or IV 2.09 (0.96, 4.54) 0.063 0.89 (0.58, 1.36) 0.583

Data are expressed odds ratio (OR) with 95% confidence interval (CI). In the multilevel logistic regression model, each hospital was treated as a
random effect. Results of the multivariable adjusted models are tabulated. Abbreviations: IABP, intra-aortic balloon pump.



Table S6. Impact of thrombus aspiration on the secondary endpoint of in-hospital stroke (Minimum model)

Simple logistic regression model Multilevel logistic regression model

in-hospital stroke in-hospital stroke

OR (95%CI) P value OR (95%CI) P value
Thrombus aspiration 1.37 (0.94, 2.01) 0.103 0.94 (0.75, 1.18) 0.588
Male sex 1.04 (0.67, 1.60) 0.872 1.00 (0.76, 1.31) 0.998
Age, year 1.04 (1.02, 1.06) 0.000 0.99 (0.98, 1.00) 0.263
Hypertension 1.27 (0.83, 1.95) 0.266 0.96 (0.76, 1.22) 0.741
History of cerebrovascular disease 1.81 (1.11, 2.95) 0.017 0.83 (0.58, 1.20) 0.321
Diabetes mellitus 1.17 (0.79, 1.73) 0.433 0.98 (0.77, 1.23) 0.831
History of cancer 0.97 (0.47,2.02) 0.938 1.01 (0.63, 1.62) 0.967
Atrial fibrillation 1.77 (1.02, 3.09) 0.043 0.82 (0.54, 1.26) 0.361
IABP 1.61 (1.03,2.51) 0.036 0.89 (0.66, 1.20) 0.446
Killip class III or IV 1.86 (1.11, 3.12) 0.018 0.81 (0.55, 1.18) 0.272

Data are expressed odds ratio (OR) with 95% confidence interval (CI). In the multilevel logistic regression model, each hospital was treated as a
random effect. Results of the multivariable adjusted models are indicated. Abbreviations: IABP, intra-aortic balloon pump.



Table S7. Patient characteristics (high- vs. low-risk institutions)

Patients, n

Age, years

Male sex

Diabetes mellitus
Hypertension
Dyslipidaemia

Smoking

Chronic kidney disease
Atrial fibrillation

Prior myocardial infarction
History of cerebrovascular disease

History of cancer

Institutions with high
periprocedural stroke risk
5058
66.0 [58.0, 74.0]
3875 (76.6)
1699 (34.3)
3085 (62.7)
2218 (45.6)
3096 (62.8)
310 (6.3)
300 (6.0)
632 (12.9)
428 (8.7)

267 (5.4)

Institutions with low

P value
periprocedural stroke risk
4089
67.0 [59.0, 75.0] 0.003
3105 (75.9) 0.454
1324 (33.5) 0.403
2401 (60.7) 0.064
1696 (43.5) 0.048
2633 (65.8) 0.003
318 (8.1) 0.001
235(5.9) 0.758
403 (10.0) <0.001
380 (9.7) 0.121

250 (6.4) 0.068

Missing (%)

2.7

4.2
2.4

34

2.3
34

34



Systolic blood pressure on admission, mmHg
Diastolic blood pressure on admission, mmHg
Heart rate on admission, bpm
Low density lipoprotein cholesterol, mg/dL
HbAlc, %
Killip class III or IV
ST elevation on ECG
Abnormal Q wave on ECG
Time from symptom onset to primary PCI, hour
Culprit vessel

Right coronary artery

Left main trunk or left anterior descending artery

Left circumflex artery
TIMI grade pre PCI

TIMI 0

TIMI 1

136.0 [117.0, 156.0]
80.0 [69.0, 91.0]
78.0 [64.0, 90.0]

121.90 [98.0, 148.0]
5.60 [5.20, 6.50]

387 (7.7)
4306 (86.6)
1924 (40.1)

4.00 [2.30, 11.40]

1793 (36.7)
2421 (49.5)

791 (16.2)

2408 (55.2)

526 (12.1)

137.0 [116.0, 156.0]
80.0 [68.0, 94.0]
78.0 [65.0, 92.0]

120.0 [96.0, 144.0]
5.60 [5.20, 6.50]

383 (9.4)
3559 (87.9)
2136 (53.0)

4.00 [2.00, 10.50]

1419 (36.2)
1957 (49.9)

566 (14.4)

1831 (54.8)

339 (10.1)

0.606

0.236

0.614

0.093

0.158

0.004

0.074

<0.001

0.002

0.644

0.745

0.026

0.004

293

30.8

29.5

60.3

24.2

3.5

13.6

3.6

3.6

3.6

15.8



TIMI 2

TIMI 3

Collateral blood flow (+)

Stenting performed

Post PCI laboratory data

Peak CK, IU/L

Peak CK-MB, IU/L

Medication at discharge

ACEi or ARB
Beta blocker
Statin
Antiplatelets
Anticoagulants
LVEF
LV thrombus

LV aneurysm

845 (19.4)
586 (13.4)
1905 (38.6)

3580 (70.8)

2018.0 [927.0, 3712.0]

175.0 [83.0, 333.08]

3765 (78.2)
2783 (57.8)
2279 (47.3)
4740 (98.5)

683 (14.2)

53.60 [44.74, 60.56]

44 (1.2)

73 (2.0)

643 (19.2)
528 (15.8)
1071 (26.7)

2766 (67.6)

2039.0 [995.0, 3881.75]

183.0 [88.0, 348.28]

2943 (76.6)
2142 (55.7)
2210 (57.5)
3770 (98.1)

686 (17.8)

54.74 [45.66, 61.65]

35(1.2)

58 (2.1)

<0.001

0.001

0.087

0.008

0.072

0.054

<0.001

0.194

<0.001

<0.001

>(0.999

0.902

2.2

4.2

10.8

53

53

53

53

53

27.9

28.6

29.5



Length of hospitalization, days 21.0[14.0, 28.0] 19.0 [14.0, 29.0] 0.409 0

Enrolment period (year) <0.001 0
1998-2003 2052 (40.6) 1565 (38.3)
2004-2009 2020 (39.9) 1457 (35.6)
20102014 986 (19.5) 1067 (26.1)

Data are expressed as median [interquartile range] or number (percentage). Abbreviations: TA, thrombus aspiration; ECG, electrocardiogram;
CAG, coronary angiography; TIMI, thrombolysis in myocardial infarction; PCI, percutaneous coronary intervention; CK, creatine kinase; CK-
MB, creatine kinase myocardial band; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker, LVEF, left

ventricular ejection fraction; LV, left ventricular.



Table S8. Impact of thrombus aspiration on long-term stroke event

Thrombus aspiration

Male sex

Age, year

Body mass index, kg/m?
Hypertension

Prior myocardial infarction
History of cerebrovascular disease
Diabetes mellitus
Dyslipidemia

Chronic kidney disease
History of cancer

ST elevation on ECG

HR (95% CI)
0.80 (0.58, 1.11)
0.96 (0.68, 1.36)
1.02 (1.01, 1.04)
0.98 (0.94, 1.02)
1.81 (1.27, 2.59)
1.48 (0.99, 2.21)
1.93 (1.31, 2.86)
1.40 (1.04, 1.89)
0.71 (0.52, 0.97)
1.29 (0.77, 2.15)
1.97 (1.24, 3.13)

0.78 (0.52, 1.16)

Cox proportional hazard model

P value

0.182

0.805

0.004

0.373

0.001

0.054

0.001

0.029

0.031

0.339

0.004

0.210

Fine and Gray model

Subdistributional HR (95% CI)
0.83 (0.59, 1.15)
0.97 (0.69, 1.38)
1.02 (1.00, 1.03)
0.99 (0.95, 1.03)
1.80 (1.26, 2.57)
1.48 (0.98, 2.22)
1.84 (1.23,2.75)
1.37 (1.01, 1.86)
0.74 (0.54, 1.02)
1.13 (0.66, 1.94)
1.85 (1.16, 2.94)

0.77 (0.51, 1.15)

P value

0.260

0.880

0.016

0.520

0.001

0.064

0.003

0.042

0.066

0.650

0.010

0.190



Abnormal Q wave on ECG

Right coronary artery

Atrial fibrillation

Killip class III or IV
Stenting performed

TIMI grade pre PCI

LVEF

LV aneurysm
LV thrombus
IABP

Distal protection
ACEi or ARB

Beta blocker

HR (95% CI)
1.21 (0.90, 1.62)
1.20 (0.89, 1.63)
2.17 (1.40, 3.37)
0.98 (0.57, 1.70)
0.73 (0.53, 1.02)
1.11 (0.98, 1.26)
1.00 (0.99, 1.02)
0.85(0.31, 2.33)
1.38 (0.43, 4.41)
1.60 (1.10, 2.30)
1.49 (0.88, 2.54)
1.20 (0.83, 1.74)

1.48 (1.07, 2.03)

Cox proportional hazard model

P value

0.215

0.239

0.001

0.941

0.064

0.098

0.539

0.749

0.583

0.013

0.140

0.336

0.016

Fine and Gray model

Subdistributional HR (95% CI)

1.20 (0.90, 1.60)
1.20 (0.89, 1.63)
2.08 (1.31, 3.30)
0.69 (0.40, 1.19)
0.74 (0.53, 1.02)
1.11 (0.99, 1.26)
1.01 (1.00, 1.02)
0.81(0.28, 2.36)
1.32 (0.41, 4.30)
1.42 (0.99, 2.03)
1.55 (0.91, 2.64)
1.16 (0.80, 1.69)

1.60 (1.17,2.18)

P value

0.220

0.230

0.002

0.180

0.064

0.081

0.190

0.700

0.640

0.054

0.110

0.430

0.003




Data are expressed hazard ratio (HR) with 95% confidence interval (CI). We performed the main analysis with Cox proportional hazard model
and the sensitivity analysis with a Fine—Gray model to account for the competing risk of all-cause death from stroke. Results of the multivariable
adjusted models are indicated. Abbreviations: ECG, electrocardiogram; TIMI, thrombolysis in myocardial infarction; PCI, percutaneous coronary
intervention; LVEF, left ventricular ejection fraction; LV, left ventricular; IABP, intra-aortic balloon pump; ACEi, angiotensin converting enzyme

inhibitor; ARB, angiotensin II receptor blocker.





