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Abstract

Background

Recent guidelines for ST-elevation myocardial infarction (STEMI) recommended the door-
to-balloon time (DTBT) <90 minutes. However, some patients could have poor clinical out-
comes in spite of DTBT <90 minutes, which suggest the importance of therapeutic targets
except DTBT. The purpose of this study was to find factors associated with poor clinical out-
comes in STEMI patients with DTBT <90 minutes.

Methods

This retrospective study included 383 STEMI patients with DTBT <90 minutes. The primary
endpoint was the major adverse cardiac events (MACE) defined as the composite of all-
cause death, acute myocardial infarction, and acute heart failure requiring hospitalization.

Result

The median follow-up duration was 281 days, and the cumulative incidence of MACE was
16.2%. In the multivariate Cox hazard model, low body mass index (< 20 kg/m?) (vs. >20 kg/
m?: HR 2.80, 95% Cl 1.39-5.64, p = 0.004), history of previous myocardial infarction (HR
2.39, 95% CI11.06-5.37, p = 0.04), and Killip class 3 or 4 (vs. Killip class 1 or 2: HR 2.39,
95% CI 1.30—4.40, p = 0.005) were significantly associated with MACE. In another multivari-
ate Cox hazard model, flow worsening during percutaneous coronary intervention (PCI) (HR
3.24,95% Cl 1.79-5.86, p<0.001) and use of mechanical support (HR 3.15, 95% CI 1.71—
5.79, p<0.001) were significantly associated with MACE, whereas radial approach (HR
0.54, 95% CIl 0.32-0.92, p = 0.02) was inversely associated with MACE.

Conclusion

Low body mass index, Killip class 3/4, history of previous myocardial infarction, use of
mechanical support, and flow worsening were significantly associated with MACE, whereas
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radial-access was inversely associated with MACE. It is important to avoid flow worsening
during primary PCI even when appropriate DTBT was achieved.

Introduction

Recently, primary percutaneous coronary interventions (PCI) have improved the morbidity
and mortality of patients with ST-segment elevation myocardial infarction (STEMI) [1, 2]. In
primary PCI, it is important to shorten door-to-balloon time (DTBT), because DTBT was sig-
nificantly associated with clinical outcomes in patients with STEMI [3-5]. Considering the
above clinical evidences, recent clinical guidelines emphasized the importance of short DTBT,
and recommended DTBT < 90 minutes as a therapeutic target [6, 7]. Therefore, in primary
PCI-capable facilities, all staffs including emergency physicians made a collective effort to
shorten DTBT, and the achievement rate of DTBT <90 minutes has been improved [8-10].
Nevertheless, some patients who underwent primary PCI could have poor clinical outcomes in
spite of DTBT < 90 minutes, which may suggest the importance of therapeutic targets except
DTBT. The purpose of this retrospective study was to find factors associated with poor clinical
outcomes in STEMI patients with DTBT <90 minutes.

Methods
Study patients

We identified acute myocardial infarction (AMI) patients from hospital records in our medical
center from January 2015 to August 2019. AMI was diagnosed according to the universal defi-
nition [11]. DTBT was defined as the time from the time of hospital arrival to the time of bal-
loon dilation or thrombus aspiration [12]. The exclusion criteria were (1) non ST-elevation
myocardial infarction (NSTEMI), (2) delayed admission (> 24 hours from the onset of AMI to
the hospital arrival), (3) unclear door time, typically nosocomial case, (4) patients without pri-
mary PCI or did not achieved DTBT < 90 minutes. The primary endpoint was the major
adverse cardiac events (MACE) defined as the composite of all cause death, AMI, and acute
heart failure requiring hospitalization. We acquired these clinical outcomes from hospital rec-
ords. The day of admission was defined as the index day (day 1). Patients were followed up
until meeting MACE or until the study end date (February 2020). This study was approved by
the institutional review board of Saitama Medical Center (S20-033), and written informed
consent was waived because of the retrospective study design.

Definition

Hypertension was defined as medical treatment for hypertension and/or a history of hyperten-
sion before admission [13]. Dyslipidemia was defined as total cholesterol level > 220 mg/dl or
low-density lipoprotein cholesterol level > 140 mg/dl or medical treatment for dyslipidemia or
a history of dyslipidemia [13]. Diabetes mellitus was defined as hemoglobin Alc level > 6.5%
(as NGSP value) or medical treatment for diabetes mellitus or a history of diabetes mellitus
[13]. History of heart failure was defined as a history of hospitalization due to heart failure.
Peripheral artery disease (PAD) was defined as a history of endovascular therapy and/or an
ankle brachial index <0.9 [14]. When patients without history of endovascular therapy did not
have ankle brachial index, we regarded their PAD as missing values. We also calculated esti-
mated glomerular rate (e€GFR) from the serum creatinine level, age, weight, and gender using
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the following formula; eGFR = 194xCr'**xage ***” (male), eGFR = 194xCr" **xage”
92870.739 (female) [15]. Shock was defined as systolic blood pressure < 90 mmHg or vaso-
pressors required to maintain blood pressure or an attempt of cardiopulmonary resuscitation
[16]. Left ventricular ejection fraction was measured by modified Simpson’s method or
Teichscholz method if modified Simpson’s method was not available. Access to our hospital
was classified as either direct admission by ambulance, transfer from local clinics, transfer
from local hospitals, or direct visit by walk. We defined onset-to-door time as from the time of
onset of STEMI to the time of balloon dilation or thrombus aspiration.

Our hospital has two catheter laboratories dedicated for the cardiology department, where
most of primary PCI were performed during the study period. Our hospital also has one catheter
laboratory dedicated for the radiology department, which could be used for primary PCI when
two catheter laboratories were not available. Patients with STEMI received 162 mg of aspirin at
emergency room (before catheter laboratories), and received 300 mg of clopidogrel or 20 mg of
prasugrel at catheter laboratories before coronary stenting (typically after coronary angiogra-
phy). Primary PCI was performed using standard techniques via radial artery, femoral artery, or
rarely brachial artery. First, we advanced a conventional guidewire across the lesion, and used a
small balloon or thrombus aspiration catheter (balloon time). The choice of devices was left to
the discretion of each interventional cardiologist. Patients received 3000 units of unfractionated
heparin intravenously just before coronary angiography, and received additional unfractionated
heparin intravenously just before PCI to achieve a total dose of unfractionated heparin until 100
units/kg. Activated coagulation time (ACT) was maintained > 250 seconds during PCI. Flow
worsening was defined as TIMI flow grade down from just previous angiography during PCI
(for example, TIMI-3 to TIMI-2, TIMI-2 to TIMI-0) irrespective of the final TIMI flow grade 3.

Statistical analysis

Data are presented as numbers (percentage) for categorical variables and the mean + SD for
continuous variables. We performed a univariate Cox hazard analysis for MACE. Then, we
performed multivariate Cox hazard analysis to find significant factors associated with the
MACE. First, we separately performed multivariate Cox hazard analysis regarding the clinical
factors and regarding the angiographic/procedural factors. In the multivariate Cox hazard
analyses, independent variables were selected from variables that were significantly associated
with the MACE in the univariate Cox analyses (p <0.05). However, variables with substantial
missing values were not selected as independent variables. Moreover, when there are >2 simi-
lar variables, only one variable was entered into the multivariable Cox hazard model to avoid
multi-collinearity. Hazard ratios (HR) and the 95% confidence intervals (CI) were calculated.
Furthermore, two models of multivariate Cox hazard analysis regarding the angiographic/pro-
cedural characteristics were performed, because we aimed to investigate the difference between
the flow worsening and the final TIMI flow grade <2: The model 1 included the flow worsen-
ing as an independent variable, whereas the model 2 included the final TIMI flow grade <2 as
an independent variable. After we performed separate Cox hazard models, we made another
Cox hazard model to include both clinical and angiographic/procedural factors that were sig-
nificantly associated with MACE in separate models (p <0.05). P value < 0.05 was considered
statistically significant. All analysis was performed using statistical software, SPSS24.0/Win-
dows (SPSS, Chicago, IL).

Results

A total of 1293 AMI patients admitted to our hospital from January 2015 to August 2019.
From 1293 AMI patients, 910 patients (575 NSTEMI, 119 delayed admissions, 51 unclear door
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Patients with Acute myocardial infarction admitted to our hospital
January 2015 — August 2019
(n=1293)

—————> Non-ST elevation myocardial infarction (n=575)

—> Delayed admission (> 24 hours) (n=119)

——>| Unclear door time, typically nosocomial case (n=51)

—> Patients without primary PClI
or did not achieved DTBT < 90 min (n =165)

ST-elevation myocardial infarction within 24 hour
and underwent primary PCl within 90 min
(n=383)

Fig 1. Study flow chart. Abbreviations: PCI = percutaneous coronary intervention, DTBT = door-to-balloon time.

https://doi.org/10.1371/journal.pone.0241251.9001

time, and 165 patients without primary PCI or did not achieved DTBT < 90 minutes) were
excluded. Thus, our final study population consisted of 383 STEMI patients (Fig 1). The mean
DTBT was 60.3+15.7 minutes and onset-to balloon time was 322+327 minutes. The median
follow-up duration was 281 days (Inter-quartile range: 188-616 days). The cumulative inci-
dence of MACE was 16.2% (n = 62). The cumulative incidence of all-cause death, AMI, and
acute heart failure requiring hospitalization were 8.6%, 4.7%, and 4.2%, respectively.

Table 1 shows the patient clinical characteristics, and Table 2 shows the patient angio-
graphic and procedural characteristics. The mean age was 67.5+13.8 years old, and the preva-
lence of female sex was 19.3%. The prevalence of cardiac arrest at out of hospital was 6.8%. The
prevalence of triple vessels disease was 16.8%, and the prevalence of patients required mechan-
ical supports was 12.0% (Table 2).

Table 3 shows univariate and multivariate Cox hazard analysis regarding the patient charac-
teristics. In univariate Cox hazard analysis, age (> 65 years old), low body mass index (BMI)
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Table 1. Patient clinical characteristics.

All (n=383)

Age (years) 67.5+13.8 (n = 383)
Female sex, n (%) 74 (19.3)
Body mass index, n (%) 24.5+3.7 (n = 375)
Hypertension, n (%) 260 (69.0)
Diabetes mellitus, n (%) 132 (34.6)
Dyslipidemia, n (%) 174 (46.6)
Current smoker, n (%) 190 (51.5)
History of previous MI, n (%) 30(7.9)
History of previous PCI, n (%) 37(9.7)
History of previous CABG, n (%) 1(0.3)
Hemodialysis, n (%) 12 (3.1)
History of heart failure 4(1.0)
PAD 24 (7.1)
COPD 10 (2.6)
OSAS 3(0.8)
Cancer 31(8.1)
Access to our hospital

Direct admission by ambulance 227 (59.3)

Transfer from local clinics 60 (15.7)

Transfer from local hospitals 91 (23.8)

Direct visit by walk 5(1.3)
Cardiac arrest at out of hospital 26 (6.8)
Shock on admission 45 (11.7)
Killip class 3 or 4 65 (17.0)
Region of infarction

Anterior 197 (51.4)

Inferior 162 (42.3)

Posterior 24 (6.3)

Total cholesterol, mg/dL

181.5+42.1 (n = 370)

Triglyceride, mg/dL

127.9+111.9 (n = 377)

LDL-cholesterol, mg/dL

112.0+36.0 (n = 364)

HDL-cholesterol, mg/dL

44.1+12.4 (n = 363)

HbAlc, % 6.52+1.55 (n = 371)
eGFR, mL/min/1.73m? 70.0+27.7 (n = 382)
Peak CK 2857+2974 (n = 383)
Peak CK-MB 2594241 (n = 383)

Ejection fraction

53.7+11.8 (n = 361)

ACE/ARB 87 (23.6)
Beta-blocker 30 (8.1)
Diuretics 31(8.4)
Calcium channel blocker 112 (30.4)
Statin 79 (21.1)
Oral antidiabetic 74 (19.6)
Insulin 18 (4.8)

Abbreviations: MI = myocardial infarction, PCI = percutaneous coronary intervention, CABG = Coronary artery

bypass grafting, PAD = peripheral artery disease, COPD = chronic obstructive pulmonary disease,

OSAS = obstructive sleep apnea syndrome, eGFR = estimated glomerular filtration rate, CK = creatine kinase,

CK-MB = creatine kinase-myocardial band, ACE = angiotensin converting enzyme, ARB = angiotensin receptor

blocker.

https://doi.org/10.1371/journal.pone.0241251.t001
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Table 2. Angiographic/Procedural characteristics.

All (n = 383)

Infarct related artery

Left main 10 (2.6)

Left anterior descending artery 186 (48.6)

Left circumflex artery 33(8.6)

Right coronary artery 154 (40.2)
Number of narrowed coronary artery

Single vessel disease 204 (53.3)

Double vessel disease 115 (30.0)

Triple vessel disease 64 (16.7)
Complete revascularization during index hospitalization 249 (65.0)
Initial TIMI flow grade

0 234 (61.1)

1 41 (10.7)

2 59 (15.4)

3 49 (12.8)
Final TIMI flow grade

0 0 (0.0)

1 4 (1.0)

2 22 (5.7)

3 357 (93.2)

Door to balloon time

60.3+15.7 (n = 383)

Onset to balloon time

3224327 (n = 383)

Access site

Radial artery 271 (71.5)

Brachial artery 3(0.8)

Femoral artery 105 (27.7)
Pre-dilatation by small balloon 357 (93.2)
Thrombus aspiration 102 (26.7)
Bare metal stent 14 (3.7)
Drug-eluting stent 346 (90.3)
Drug coated balloon 5(1.3)
Rotational atherectomy 1(0.3)
Intra-aortic balloon pumping 34 (8.9)
Veno-arterial extracorporeal membrane oxygenation 14 (3.7)
Any mechanical supports 46 (12.0)
Temporary pacemaker 36 (9.4)
Initial access site

Radial artery 271 (71.5)

Brachial artery 3(0.8)

Femoral artery 105 (27.7)

Abbreviations: V-A ECMO = veno-arterial extracorporeal membrane oxygenation

https://doi.org/10.1371/journal.pone.0241251.t1002

(< 20 kg/m?), history of myocardial infarction and PCI, renal failure, cardiac arrest at out of
hospital, shock on admission, Killip class 3 or 4, total- and LDL- cholesterol, hemodialysis,
eGFR <60 mL/min/1.73m” and using beta-blocker and insulin were significantly associated
with MACE. In the multivariate Cox hazard analysis, low BMI (< 20 kg/m?) (vs. 20 kg/m* HR
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Table 3. Univariate and multivariate cox hazard analysis regarding the patient clinical characteristics.

HR 95%CI P value HR 95%CI P value
Patient characteristics
Old age (> 65 years old) 1.27 1.03-1.55 0.023 1.36 0.72-2.57 0.35
Female sex 1.50 0.84-2.68 0.18
Low BMI (<20 kg/m2) 2.98 1.54-5.77 0.001 2.80 1.39-5.64 0.004
Hypertension, n 0.84 0.49-1.43 0.52
Diabetes mellitus, n 1.27 0.75-2.14 0.37
Dyslipidemia 1.02 0.61-1.73 0.93
Current smoker 0.80 0.47-1.34 0.39
History of previous MI 3.46 1.79-6.67 < 0.001 2.39 1.06-5.37 0.04
History of previous PCI 2.54 1.35-4.78 0.004
History of previous CABG 0.05 0.00-3502680130 0.81
Hemodialysis 3.77 1.62-8.77 0.002
History of heart failure 7.72 1.87-31.9 0.005 1.37 0.17-10.8 0.77
PAD 3.03 1.49-6.16 0.002
COPD 0.65 0.09-4.70 0.67
OSAS 3.33 0.80-13.9 0.10
Cancer 0.94 0.37-2.36 0.89
Situation from onset to admission
Door-to-balloon time 1.01 1.00-1.03 0.13
Onset-to-balloon time 1.00 1.00 0.40
Cardiac arrest at out of hospital 3.98 2.01-7.87 < 0.001
Shock on admission 4.08 2.32-7.18 < 0.001
Killip class 3 or 4 3.76 2.24-6.30 < 0.001 2.39 1.30-4.40 0.005
Anterior (vs. others) 1.67 1.00-2.79 0.05
Ejection fraction < 40% 2.87 1.51-5.46 0.001
Laboratory findings
Total cholesterol 0.99 0.99-1.00 0.03
Triglyceride 1.00 1.00 0.74
LDL-cholesterol 0.99 0.98-1.00 0.017
HDL-cholesterol 1.00 0.98-1.02 0.97
HbAlc 1.03 0.86-1.23 0.77
eGFR<60 mL/min/1.73m? 2.87 1.74-4.75 <0.001 1.67 0.93-3.02 0.09
Medication before admission
ACE inhibitor or ARB 1.27 0.72-2.24 0.29
Beta-blocker 2.80 1.41-5.53 0.003 1.52 0.68-3.40 0.31
Diuretics 0.92 0.33-2.54 0.87
Calcium channel blocker 1.13 0.65-1.98 0.67
Statin 1.55 0.88-2.73 0.13
Oral antidiabetic 1.07 0.55-2.07 0.84
Insulin 2.49 1.07-5.79 0.035 1.76 0.68-4.55 0.24

Abbreviations: BMI = body mass index, MI = myocardial infarction, PCI = percutaneous coronary intervention, CABG = Coronary artery bypass grafting,
PAD = peripheral artery disease, COPD = chronic obstructive pulmonary disease, OSAS = obstructive sleep apnea syndrome, eGFR = estimated glomerular filtration
rate, ACE = angiotensin converting enzyme, ARB = angiotensin receptor blocker.

https://doi.org/10.1371/journal.pone.0241251.1003
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Table 4. Univariate and multivariate Cox hazard analysis regarding the angiographic/procedure characteristics.

HR (95%CI) | Pvalue | HR | Pvalue | HR | Pvalue
Angiographic lesion characteristics
Culprit vessel: LAD/LMT (vs. others) 1.68 (1.00-2.82) 0.048 1.34 (0.78-2.30) 0.29 1.41 (0.82-2.40) 0.21
Triple vessel disease (vs. others) 1.72 (0.97-3.04) 0.06
Initial TIMI flow 3 (vs. others) 0.85 (0.39-1.86) 0.68
Final TIMI flow grade <2 3.33(1.73-6.42) < 0.001 1.97 (0.96-4.09) 0.07
Flow worsening 3.61 (2.01-6.47) < 0.001 3.24 (1.79-5.86) < 0.001
Procedure characteristics
Radial access (vs. others) 0.42 (0.26-0.70) 0.001 0.54 (0.32-0.92) 0.02 0.54 (0.32-0.93) 0.03
Pre-dilatation by small balloon 1.89 (0.59-6.07) 0.28
Thrombus aspiration 0.82 (0.46-1.47) 0.51
Bare metal stent 0.92 (0.23-3.78) 0.91
Drug eluting stent 0.62 (0.30-1.21) 0.21
Use of mechanical supports 4.83(2.82-8.26) < 0.001 3.15(1.71-5.79) < 0.001 2.88 (1.50-5.50) 0.001
Temporary pacemaker 0.31 (0.08-1.28) 0.11

Abbreviations: LAD = left anterior descending artery, LMT = left main trunk.

https://doi.org/10.1371/journal.pone.0241251.t1004

3.14, 95% CI 1.53-6.46, P = 0.002) and Killip class 3 or 4 (vs. Killip class 1 or 2: HR 2.10, 95%
CI 1.10-3.99, P = 0.02) were significantly associated with MACE.

Table 4 shows univariate and multivariate Cox hazard analysis regarding the angiographic/
procedural characteristics. In univariate Cox hazard analysis, LAD/LMT, final TIMI flow
grade <2, flow worsening, trans radial approach and use of mechanical supports were signifi-
cantly associated with MACE. In the multivariate Cox hazard model including flow worsening,
flow worsening (HR 3.24, 95% CI 1.79-5.86, P < 0.001), radial approach (HR 0.54, 95% CI
0.32-0.92, P = 0. 02) and use of mechanical supports (HR 3.15,95% CI 1.71-5.79, P < 0.001)
were significantly associated with MACE. On the other hand, in the multivariate Cox hazard
model including final TIMI flow grade <2, the final TIMI flow grade <2 was not significantly
associated with MACE.

We made another Cox hazard model as Table 5 to include both clinical and angiographic/
procedural factors that were significantly associated with MACE in Tables 3 and 4.

Discussion

We included 383 STEMI patients with DTBT <90 minutes to investigate the risk factors for
MACE. The multivariate Cox hazard analysis for clinical characteristics showed that low BMI
(< 20 kg/m?), history of previous myocardial infarction, and Killip class 3 or 4 were signifi-
cantly associated with MACE. The multivariate Cox hazard analyses for angiographic and pro-
cedural characteristics showed that trans-radial access and use of mechanical support were
significantly associated with the MACE. Interestingly, the flow worsening during PCI was sig-
nificantly associated with the MACE, while the final TIMI flow grade <2 was not.

BMI is known to be associated with the mortality of AMI [17, 18]. Our results showed that
underweight was associated with MACE in STEMI patients. Although underweight generally
reflects frailty or low-nutrition status, Bucholz et al. reported that low BMI was associated with
the AMI mortality independent of these factors [19]. We may pay special attention to patients
with low BMI as a high risk group. Our results also showed the strong association between
Killip class 3/4 and MACE. It is well known that Killip class 3/4 was associated with higher
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Table 5. Multivariate Cox hazard analysis regarding the clinical, angiographic, and procedure characteristics.

HR P value HR P value

Low BMI (<20 kg/m?) 2.58 0.01 3.09 0.001
(1.29-5.17) (1.58-6.06)

Killip class 3 or 4 1.71 0.12 1.65 0.14
(0.89-3.30) (0.84-3.22)

History of myocardial infarction 3.28 0.001 3.19 0.001
(1.62-6.63) (1.58-6.43)

Radial access (vs. others) 0.66 0.15 0.72 0.25
(0.38-1.16) (0.41-1.26)

Use of mechanical supports 2.72 0.005 2.77 0.006
(1.35-5.50) (1.34-5.75)

Final TIMI flow grade <2 1.68 0.18

(0.79-3.54)

Flow worsening 3.03 0.001

(1.60-5.73)

In this model, flow worsening was significantly associated with MACE (HR 3.03, 95% CI 1.60-5.73, P = 0.001),
whereas final TIMI flow grade <2 was not (HR 1.68, 95% CI 0.79-3.54, P = 0.18).

https://doi.org/10.1371/journal.pone.0241251.t1005

mortality [20-22] as compared to Killip class 1/2. Appropriate DTBT (<90 min) might not be
sufficient to improve the clinical outcomes of STEMI patients with Killip class 3/4, because
Killip class 3/4 would be a too strong prognostic factor in patients with STEMI. Moreover, his-
tory of previous myocardial infarction was associated with MACE. History of previous myo-
cardial infarction might be associated with impaired left ventricular cardiac function before
admission [23].

Flow worsening was significantly associated with MACE, while final TIMI flow grade <2
was not significant in the present study. First, we should clarify the difference between flow
worsening and final TIMI flow grade <2. Flow worsening included transient slow flow as well
as permanent slow flow, whereas final TIMI flow grade <2 included permanent slow flow, but
did not include transient slow flow. On the other hand, some final TIMI flow grade <2 was
not included in flow worsening as long as the TIMI flow grade improved during procedures
(i.e. from TIMI flow grade 0 to TIMI flow grade 2). Flow worsening is known to be associated
with the distal embolization following ballooning/stenting to the culprit lesion of STEMI [24].
Distal embolization would result in additional myocardial injury and subsequent left ventricu-
lar dysfunction [25]. Therefore, patients with flow worsening would have the higher risks of
death and heart failure. Although the incidence of flow worsening is known to be approxi-
mately 10-25% of AMI patients [26, 27], the reliable prevention for flow worsening has not
been established. If flow worsening occurs, vasodilator drugs, thrombus aspiration or IABP are
recommended [28].

It is well known that final TIMI flow grade <2 is a poor prognostic factor in STEMI, and
various efforts have been made to achieve a final TIMI 3 in primary PCI [29-31]. However,
the final TIMI flow grade <2 was not significantly associated with MACE after controlling
confounding factors in the present study. Early studies suggest that even if slow flow could
eventually be improved, a transit slow-flow phenomenon would affect the prognosis of STEMI
patients [27]. In other words, we might use intracoronary vasodilators such as nitroprusside to
achieve final TIMI-3 flow grade in patients with a transient slow flow. Such vasodilators could
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improve the final TIMI flow, but could not diminish myocardial damage caused by a transient
slow flow, which resulted in poor outcomes. The parameter of final TIMI flow grade <2 could
not discriminate those patients, whereas the parameter of flow worsening could. Our results
may suggest the importance of avoiding transient slow-flow as well as permanent slow flow.

In the present study, trans-radial access and the use of mechanical support were signifi-
cantly associated with MACE. Previous studies showed that trans-radial primary PCI was asso-
ciated with less bleeding and long-term clinical outcomes [32-34]. However, we should
mention the presence of selection bias regarding the access site. The femoral artery access
tended to be selected for more clinically complex characteristics such as hemodialysis or more
severe status such as shock or cardiopulmonary arrest. Furthermore, there was a significant
selection bias regarding the use of mechanical support. Although the use of mechanical sup-
port have been reported to be associated with poor clinical outcomes [35-38], the use of
mechanical support would not be a cause of poor clinical outcomes, but be an effect of poor
clinical status such as cardiogenic shock.

Clinical implications of the present study should be noted. Our study suggests the impor-
tance of avoiding flow worsening in primary PCI with appropriate DTBT. The strategy to
avoid transient slow flow as well as permanent slow flow should be considered. The utility of
thrombectomy for the prevention of flow worsening was controversial for better long-term
outcomes [39-41]. Although early randomized control trials denied the utility of distal protec-
tion devices [42, 43], distal filter protection improved the clinical outcomes of acute coronary
syndrome with attenuated plaques [44]. Recently, Carrick, D et al reported a new strategy of
deferred stenting to prevent slow flow in STEMI [45], which may potentially avoid flow wors-
ening. Comprehensive discussion including distal filter protection and deferred stenting are
warranted for better clinical outcomes of STEMI patients with appropriate DTBT. Despite the
early reperfusions, the patients with low BMI and higher Killip class had a poor prognosis.
Careful follow-up may be necessary for these patients even after the success of primary PCI.
Although the selection bias existed, trans-radial access would be considered to be a first choice,
because of its potential role to improve prognosis.

Study limitation

The present study has the following limitations. First, since this study was a single-center retro-
spective observational study, there is a risk of institutional and patient selection bias. Since our
hospital was a tertiary university hospital, more severe patients were transferred to our hospital
according to the judgement of local emergency medical service. Although we conducted the
multivariate logistic regression analysis to control confounding factors, the retrospective
nature of this study made it difficult to control all potential confounding factors. Since the
study population was relatively small, the statistical analysis has an inherent risk of beta error
[46]. There were some variables with missing values. Specific variables with substantial missing
values such as ejection fraction or PAD could not be incorporated into the multivariate analy-
sis, even if those variables showed significant association in the univariate analysis. Finally,
although we discussed the importance of flow worsening in primary PCI, we retrospectively
judged flow worsening. We might miss mild flow worsening if operators did not store suffi-
cient images during primary PCI.

Conclusion

In STEMI patients with DTBT <90 minutes, low BMI, Killip class 3/4, radial-access, use of
mechanical support, and flow worsening were significantly associated with MACE. Of note,
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flow worsening was a modifiable factor in primary PCI. It might be important to avoid flow
worsening during primary PCI even when appropriate DTBT was achieved.

Supporting information

S1 Dataset.
(XLSX)

Acknowledgments

The authors acknowledge all staff in the catheter laboratory in Saitama Medical Center, Jichi
Medical University for their technical support in this study.

Author Contributions

Conceptualization: Takunori Tsukui, Kenichi Sakakura.
Data curation: Takunori Tsukui.

Formal analysis: Takunori Tsukui.

Investigation: Takunori Tsukui, Kenichi Sakakura, Yousuke Taniguchi, Kei Yamamoto,
Masaru Seguchi, Hiroyuki Jinnouchi, Hiroshi Wada.

Supervision: Kenichi Sakakura, Hideo Fujita.
Visualization: Takunori Tsukui.
Writing - original draft: Takunori Tsukui, Kenichi Sakakura.

Writing - review & editing: Kenichi Sakakura, Hideo Fujita.

References

1. Lambert L, Brown K, Segal E, Brophy J, Rodes-Cabau J, Bogaty P. Association between timeliness of
reperfusion therapy and clinical outcomes in ST-elevation myocardial infarction. Jama. 2010; 303
(21):2148-55. https://doi.org/10.1001/jama.2010.712 PMID: 20516415

2. Deluca G, Suryapranata H, Ottervanger JP, Antman EM. Time delay to treatment and mortality in pri-
mary angioplasty for acute myocardial infarction: every minute of delay counts. Circulation. 2004; 109
(10):1223-5. https://doi.org/10.1161/01.CIR.0000121424.76486.20 PMID: 15007008

3. Nallamothu BK, Normand S-LT, Wang Y, Hofer TP, Brush JE, Messenger JC, et al. Relation between
door-to-balloon times and mortality after primary percutaneous coronary intervention over time: a retro-
spective study. The Lancet. 2015; 385(9973):1114-22.

4. ShiomiH, Nakagawa Y, Morimoto T, Furukawa Y, Nakano A, Shirai S, et al. Association of onset to bal-
loon and door to balloon time with long term clinical outcome in patients with ST elevation acute myocar-
dial infarction having primary percutaneous coronary intervention: observational study. BMJ (Clinical
research ed). 2012; 344:e3257.

5. McNamara RL, Wang Y, Herrin J, Curtis JP, Bradley EH, Magid DJ, et al. Effect of door-to-balloon time
on mortality in patients with ST-segment elevation myocardial infarction. J Am Coll Cardiol. 2006; 47
(11):2180-6. https://doi.org/10.1016/j.jacc.2005.12.072 PMID: 16750682

6. GaraPT, Kushner FG, Ascheim DD, Casey DE, Chung MK, de Lemos JA, et al. 2013 ACCF/AHA
Guideline for the Management of ST-Elevation Myocardial Infarction. Journal of the American College
of Cardiology. 2013; 61(4):e78. https://doi.org/10.1016/j.jacc.2012.11.019 PMID: 23256914

7. KimuraK, Kimura T, Ishihara M, Nakagawa Y, Nakao K, Miyauchi K, et al. JCS 2018 Guideline on Diag-
nosis and Treatment of Acute Coronary Syndrome. Circulation Journal. 2019; 83(5):1085—196. https://
doi.org/10.1253/circj.CJ-19-0133 PMID: 30930428

8. Parikh R, Faillace R, Hamdan A, Adinaro D, Pruden J, DeBari V, et al. An emergency physician acti-
vated protocol, ‘Code STEMI’ reduces door-to-balloon time and length of stay of patients presenting
with ST-segment elevation myocardial infarction. Int J Clin Pract. 2009; 63(3):398—406. PMID:
19222625

PLOS ONE | https://doi.org/10.1371/journal.pone.0241251 October 22, 2020 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241251.s001
https://doi.org/10.1001/jama.2010.712
http://www.ncbi.nlm.nih.gov/pubmed/20516415
https://doi.org/10.1161/01.CIR.0000121424.76486.20
http://www.ncbi.nlm.nih.gov/pubmed/15007008
https://doi.org/10.1016/j.jacc.2005.12.072
http://www.ncbi.nlm.nih.gov/pubmed/16750682
https://doi.org/10.1016/j.jacc.2012.11.019
http://www.ncbi.nlm.nih.gov/pubmed/23256914
https://doi.org/10.1253/circj.CJ-19-0133
https://doi.org/10.1253/circj.CJ-19-0133
http://www.ncbi.nlm.nih.gov/pubmed/30930428
http://www.ncbi.nlm.nih.gov/pubmed/19222625
https://doi.org/10.1371/journal.pone.0241251

PLOS ONE

STEMI with DTBT <90 minutes

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

Noguchi M, Ako J, Morimoto T, Homma Y, Shiga T, Obunai K, et al. Modifiable factors associated with

prolonged door to balloon time in patients with ST-segment elevation myocardial infarction undergoing
primary percutaneous coronary intervention. Heart and vessels. 2018; 33(10):1139-48. https://doi.org/
10.1007/s00380-018-1164-y PMID: 29736558

Bradley EH, Herrin J, Wang Y, Barton BA, Webster TR, Mattera JA, et al. Strategies for reducing the
door-to-balloon time in acute myocardial infarction. The New England journal of medicine. 2006; 355
(22):2308—20. https://doi.org/10.1056/NEJMsa063117 PMID: 17101617

Sandoval Y, Thygesen K, Jaffe AS. The Universal Definition of Myocardial Infarction: Present and
Future. Circulation. 2020; 141(18):1434-6. https://doi.org/10.1161/CIRCULATIONAHA.120.045708
PMID: 32364775

Tsukui T, Sakakura K, Taniguchi Y, Yamamoto K, Wada H, Momomura S-1, et al. Determinants of short
and long door-to-balloon time in current primary percutaneous coronary interventions. Heart and ves-
sels. 2018; 33(5):498-506. https://doi.org/10.1007/s00380-017-1089-x PMID: 29159569

Watanabe Y, Sakakura K, Taniguchi Y, Adachi Y, Noguchi M, Akashi N, et al. Determinants of In-Hospi-
tal Death in Acute Myocardial Infarction With Triple Vessel Disease. International heart journal. 2016;
57(6):697—704. https://doi.org/10.1536/ihj.16-170 PMID: 27829643

Aboyans V, Criqui MH, Abraham P, Allison MA, Creager MA, Diehm C, et al. Measurement and Inter-
pretation of the Ankle-Brachial Index. Circulation. 2012; 126(24):2890-909. https://doi.org/10.1161/
CIR.0b013e318276fbcb PMID: 23159553

Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations for estimated GFR
from serum creatinine in Japan. American journal of kidney diseases: the official journal of the National
Kidney Foundation. 2009; 53(6):982-92.

Hoebers LP, Vis MM, Claessen BE, van der Schaaf RJ, Kikkert WJ, Baan J Jr., et al. The impact of mul-
tivessel disease with and without a co-existing chronic total occlusion on short- and long-term mortality
in ST-elevation myocardial infarction patients with and without cardiogenic shock. European journal of
heart failure. 2013; 15(4):425-32. PMID: 23148116

Angeras O, Albertsson P, Karason K, Ramunddal T, Matejka G, James S, et al. Evidence for obesity
paradox in patients with acute coronary syndromes: a report from the Swedish Coronary Angiography
and Angioplasty Registry. European heart journal. 2013; 34(5):345-53. https://doi.org/10.1093/
eurheartj/ehs217 PMID: 22947610

Aronson D, Nassar M, Goldberg T, Kapeliovich M, Hammerman H, Azzam ZS. The impact of body
mass index on clinical outcomes after acute myocardial infarction. International journal of cardiology.
2010; 145(3):476-80. https://doi.org/10.1016/j.ijcard.2009.12.029 PMID: 20096942

Bucholz EM, Krumholz HA, Krumholz HM. Underweight, Markers of Cachexia, and Mortality in Acute
Myocardial Infarction: A Prospective Cohort Study of Elderly Medicare Beneficiaries. PLOS Medicine.
2016; 13(4):e1001998. https://doi.org/10.1371/journal.pmed.1001998 PMID: 27093615

Miyachi H, Takagi A, Miyauchi K, Yamasaki M, Tanaka H, Yoshikawa M, et al. Current characteristics
and management of ST elevation and non-ST elevation myocardial infarction in the Tokyo metropolitan
area: from the Tokyo CCU network registered cohort. Heart and vessels. 2016; 31(11):1740-51. https:/
doi.org/10.1007/s00380-015-0791-9 PMID: 26758733

DeGeare VS, Boura JA, Grines LL, O’Neill WW, Grines CL. Predictive value of the Killip classification in
patients undergoing primary percutaneous coronary intervention for acute myocardial infarction. The
American journal of cardiology. 2001; 87(9):1035-8. https://doi.org/10.1016/s0002-9149(01)01457-6
PMID: 11348598

Santoro GM, Carrabba N, Migliorini A, Parodi G, Valenti R. Acute heart failure in patients with acute
myocardial infarction treated with primary percutaneous coronary intervention+. European journal of
heart failure. 2008; 10(8):780-5. PMID: 18599344

Vanhaverbeke M, Veltman D, Pattyn N, De Crem N, Gillijns H, Cornelissen V, et al. C-reactive protein
during and after myocardial infarction in relation to cardiac injury and left ventricular function at follow-
up. Clin Cardiol. 2018; 41(9):1201-6. PMID: 29952015

Gupta S, Gupta MM. No reflow phenomenon in percutaneous coronary interventions in ST-segment
elevation myocardial infarction. Indian Heart Journal. 2016; 68(4):539-51. https://doi.org/10.1016/j.ihj.
2016.04.006 PMID: 27543480

Ndrepepa G, Tiroch K, Fusaro M, Keta D, Seyfarth M, Byrne RA, et al. 5-Year Prognostic Value of No-
Reflow Phenomenon After Percutaneous Coronary Intervention in Patients With Acute Myocardial
Infarction. Journal of the American College of Cardiology. 2010; 55(21):2383-9. https://doi.org/10.
1016/j.jacc.2009.12.054 PMID: 20488311

Antoniucci D, Valenti R, Migliorini A, Moschi G, Bolognese L, Cerisano G, et al. Direct infarct artery
stenting without predilation and no-reflow in patients with acute myocardial infarction. Am Heart J. 2001;
142(4):684-90. https://doi.org/10.1067/mhj.2001.117778 PMID: 11579360

PLOS ONE | https://doi.org/10.1371/journal.pone.0241251 October 22, 2020 12/14


https://doi.org/10.1007/s00380-018-1164-y
https://doi.org/10.1007/s00380-018-1164-y
http://www.ncbi.nlm.nih.gov/pubmed/29736558
https://doi.org/10.1056/NEJMsa063117
http://www.ncbi.nlm.nih.gov/pubmed/17101617
https://doi.org/10.1161/CIRCULATIONAHA.120.045708
http://www.ncbi.nlm.nih.gov/pubmed/32364775
https://doi.org/10.1007/s00380-017-1089-x
http://www.ncbi.nlm.nih.gov/pubmed/29159569
https://doi.org/10.1536/ihj.16-170
http://www.ncbi.nlm.nih.gov/pubmed/27829643
https://doi.org/10.1161/CIR.0b013e318276fbcb
https://doi.org/10.1161/CIR.0b013e318276fbcb
http://www.ncbi.nlm.nih.gov/pubmed/23159553
http://www.ncbi.nlm.nih.gov/pubmed/23148116
https://doi.org/10.1093/eurheartj/ehs217
https://doi.org/10.1093/eurheartj/ehs217
http://www.ncbi.nlm.nih.gov/pubmed/22947610
https://doi.org/10.1016/j.ijcard.2009.12.029
http://www.ncbi.nlm.nih.gov/pubmed/20096942
https://doi.org/10.1371/journal.pmed.1001998
http://www.ncbi.nlm.nih.gov/pubmed/27093615
https://doi.org/10.1007/s00380-015-0791-9
https://doi.org/10.1007/s00380-015-0791-9
http://www.ncbi.nlm.nih.gov/pubmed/26758733
https://doi.org/10.1016/s0002-9149(01)01457-6
http://www.ncbi.nlm.nih.gov/pubmed/11348598
http://www.ncbi.nlm.nih.gov/pubmed/18599344
http://www.ncbi.nlm.nih.gov/pubmed/29952015
https://doi.org/10.1016/j.ihj.2016.04.006
https://doi.org/10.1016/j.ihj.2016.04.006
http://www.ncbi.nlm.nih.gov/pubmed/27543480
https://doi.org/10.1016/j.jacc.2009.12.054
https://doi.org/10.1016/j.jacc.2009.12.054
http://www.ncbi.nlm.nih.gov/pubmed/20488311
https://doi.org/10.1067/mhj.2001.117778
http://www.ncbi.nlm.nih.gov/pubmed/11579360
https://doi.org/10.1371/journal.pone.0241251

PLOS ONE

STEMI with DTBT <90 minutes

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

Morishima I, Sone T, Okumura K, Tsuboi H, Kondo J, Mukawa H, et al. Angiographic no-reflow phenom-
enon as a predictor of adverse long-term outcome in patients treated with percutaneous transluminal
coronary angioplasty for first acute myocardial infarction. Journal of the American College of Cardiology.
2000; 36(4):1202-9. https://doi.org/10.1016/s0735-1097(00)00865-2 PMID: 11028471

Carrick D, Oldroyd KG, McEntegart M, Haig C, Petrie MC, Eteiba H, et al. A Randomized Trial of
Deferred Stenting Versus Immediate Stenting to Prevent No- or Slow-Reflow in Acute ST-Segment Ele-
vation Myocardial Infarction (DEFER-STEMI). Journal of the American College of Cardiology. 2014; 63
(20):2088-98. https://doi.org/10.1016/j.jacc.2014.02.530 PMID: 24583294

Anderson JL, Karagounis LA, Becker LC, Sorensen SG, Menlove RL. TIMI perfusion grade 3 but not
grade 2 results in improved outcome after thrombolysis for myocardial infarction. Ventriculographic,
enzymatic, and electrocardiographic evidence from the TEAM-3 Study. Circulation. 1993; 87(6):1829—
39. https://doi.org/10.1161/01.cir.87.6.1829 PMID: 8504495

Cura FA, L'Allier PL, Kapadia SR, Houghtaling PL, Dipaola LM, Ellis SG, et al. Predictors and prognosis
of suboptimal coronary blood flow after primary coronary angioplasty in patients with acute myocardial
infarction. The American journal of cardiology. 2001; 88(2):124-8. https://doi.org/10.1016/s0002-9149
(01)01605-8 PMID: 11448407

Kim DW, Her SH, Park MW, Cho JS, Kim TS, Kang H, et al. Impact of Postprocedural TIMI Flow on
Long-Term Clinical Outcomes in Patients with Acute Myocardial Infarction. International heart journal.
2017; 58(5):674-85. https://doi.org/10.1536/ihj.16-448 PMID: 28966314

Osman M, Saleem M, Osman K, Kheiri B, Regner S, Radaideh Q, et al. Radial versus femoral access
for percutaneous coronary intervention in patients with ST-segment elevation myocardial infarction:
Trial sequential analysis. Am Heart J. 2020; 224:98—104. https://doi.org/10.1016/j.2hj.2020.03.014
PMID: 32361279

Zafirovska B, Antov S, Kostov J, Spiroski |, Vasilev |, Jovkovski A, et al. Benefit of routine preprocedural
radial artery angiography in STEMI patients. Catheterization and cardiovascular interventions: official
journal of the Society for Cardiac Angiography & Interventions. 2019; 93(1):25-31.

Mehta SR, Jolly SS, Cairns J, Niemela K, Rao SV, Cheema AN, et al. Effects of radial versus femoral
artery access in patients with acute coronary syndromes with or without ST-segment elevation. J Am
Coll Cardiol. 2012; 60(24):2490-9. https://doi.org/10.1016/j.jacc.2012.07.050 PMID: 23103036

Halkin A, Singh M, Nikolsky E, Grines CL, Tcheng JE, Garcia E, et al. Prediction of mortality after pri-
mary percutaneous coronary intervention for acute myocardial infarction: the CADILLAC risk score. J
Am Coll Cardiol. 2005; 45(9):1397—405. https://doi.org/10.1016/j.jacc.2005.01.041 PMID: 15862409

Akgun T, Oduncu V, Bitigen A, Karabay CY, Erkol A, Kocabay G, et al. Baseline SYNTAX score and
long-term outcome in patients with ST-segment elevation myocardial infarction undergoing primary per-
cutaneous coronary intervention. Clinical and applied thrombosis/hemostasis: official journal of the
International Academy of Clinical and Applied Thrombosis/Hemostasis. 2015; 21(8):712-9.

Garg S, Sarno G, Serruys PW, Rodriguez AE, Bolognese L, Anselmi M, et al. Prediction of 1-year clini-
cal outcomes using the SYNTAX score in patients with acute ST-segment elevation myocardial infarc-
tion undergoing primary percutaneous coronary intervention: a substudy of the STRATEGY (Single
High-Dose Bolus Tirofiban and Sirolimus-Eluting Stent Versus Abciximab and Bare-Metal Stent in
Acute Myocardial Infarction) and MULTISTRATEGY (Multicenter Evaluation of Single High-Dose Bolus
Tirofiban Versus Abciximab With Sirolimus-Eluting Stent or Bare-Metal Stent in Acute Myocardial
Infarction Study) trials. JACC Cardiovascular interventions. 2011; 4(1):66—75. https://doi.org/10.1016/.
jcin.2010.09.017 PMID: 21251631

Thiele H, Zeymer U, Neumann FJ, Ferenc M, Olbrich HG, Hausleiter J, et al. Intraaortic balloon support
for myocardial infarction with cardiogenic shock. The New England journal of medicine. 2012; 367
(14):1287-96. https://doi.org/10.1056/NEJMoa1208410 PMID: 22920912

Burzotta F, Trani C, Romagnoli E, Mazzari MA, Rebuzzi AG, De Vita M, et al. Manual Thrombus-Aspira-
tion Improves Myocardial Reperfusion: The Randomized Evaluation of the Effect of Mechanical Reduc-
tion of Distal Embolization by Thrombus-Aspiration in Primary and Rescue Angioplasty (REMEDIA)
Trial. Journal of the American College of Cardiology. 2005; 46(2):371-6. https://doi.org/10.1016/j.jacc.
2005.04.057 PMID: 16022970

Frobert O, Lagerqvist B, Olivecrona GK, Omerovic E, Gudnason T, Maeng M, et al. Thrombus aspira-
tion during ST-segment elevation myocardial infarction. The New England journal of medicine. 2013;
369(17):1587-97. https://doi.org/10.1056/NEJMoa1308789 PMID: 23991656

Jolly SS, Cairns JA, Yusuf S, Meeks B, Pogue J, Rokoss MJ, et al. Randomized Trial of Primary PCI
with or without Routine Manual Thrombectomy. New England Journal of Medicine. 2015; 372
(15):1389-98. https://doi.org/10.1056/NEJMoa1415098 PMID: 25853743

Kaltoft A, Kelbaek H, Klgvgaard L, Terkelsen CJ, Clemmensen P, Helqvist S, et al. Increased rate of
stent thrombosis and target lesion revascularization after filter protection in primary percutaneous coro-
nary intervention for ST-segment elevation myocardial infarction: 15-month follow-up of the

PLOS ONE | https://doi.org/10.1371/journal.pone.0241251 October 22, 2020 13/14


https://doi.org/10.1016/s0735-1097(00)00865-2
http://www.ncbi.nlm.nih.gov/pubmed/11028471
https://doi.org/10.1016/j.jacc.2014.02.530
http://www.ncbi.nlm.nih.gov/pubmed/24583294
https://doi.org/10.1161/01.cir.87.6.1829
http://www.ncbi.nlm.nih.gov/pubmed/8504495
https://doi.org/10.1016/s0002-9149(01)01605-8
https://doi.org/10.1016/s0002-9149(01)01605-8
http://www.ncbi.nlm.nih.gov/pubmed/11448407
https://doi.org/10.1536/ihj.16-448
http://www.ncbi.nlm.nih.gov/pubmed/28966314
https://doi.org/10.1016/j.ahj.2020.03.014
http://www.ncbi.nlm.nih.gov/pubmed/32361279
https://doi.org/10.1016/j.jacc.2012.07.050
http://www.ncbi.nlm.nih.gov/pubmed/23103036
https://doi.org/10.1016/j.jacc.2005.01.041
http://www.ncbi.nlm.nih.gov/pubmed/15862409
https://doi.org/10.1016/j.jcin.2010.09.017
https://doi.org/10.1016/j.jcin.2010.09.017
http://www.ncbi.nlm.nih.gov/pubmed/21251631
https://doi.org/10.1056/NEJMoa1208410
http://www.ncbi.nlm.nih.gov/pubmed/22920912
https://doi.org/10.1016/j.jacc.2005.04.057
https://doi.org/10.1016/j.jacc.2005.04.057
http://www.ncbi.nlm.nih.gov/pubmed/16022970
https://doi.org/10.1056/NEJMoa1308789
http://www.ncbi.nlm.nih.gov/pubmed/23991656
https://doi.org/10.1056/NEJMoa1415098
http://www.ncbi.nlm.nih.gov/pubmed/25853743
https://doi.org/10.1371/journal.pone.0241251

PLOS ONE

STEMI with DTBT <90 minutes

43.

44.

45.

46.

DEDICATION (Drug Elution and Distal Protection in ST Elevation Myocardial Infarction) trial. J Am Coll
Cardiol. 2010; 55(9):867—71. https://doi.org/10.1016/j.jacc.2009.09.052 PMID: 20185036

Stone GW, Webb J, Cox DA, Brodie BR, Qureshi M, Kalynych A, et al. Distal microcirculatory protection
during percutaneous coronary intervention in acute ST-segment elevation myocardial infarction: a ran-
domized controlled trial. Jama. 2005; 293(9):1063-72. https://doi.org/10.1001/jama.293.9.1063 PMID:
15741528

Hibi K, Kozuma K, Sonoda S, Endo T, Tanaka H, Kyono H, et al. A Randomized Study of Distal Filter
Protection Versus Conventional Treatment During Percutaneous Coronary Intervention in Patients
With Attenuated Plaque Identified by Intravascular Ultrasound. JACC Cardiovascular interventions.
2018; 11(16):1545-55. https://doi.org/10.1016/j.jcin.2018.03.021 PMID: 30077678

Carrick D, Oldroyd KG, McEntegart M, Haig C, Petrie MC, Eteiba H, et al. A randomized trial of deferred
stenting versus immediate stenting to prevent no- or slow-reflow in acute ST-segment elevation myo-
cardial infarction (DEFER-STEMI). J Am Coll Cardiol. 2014; 63(20):2088—-98. https://doi.org/10.1016/j.
jacc.2014.02.530 PMID: 24583294

Brown CG, Kelen GD, Ashton JJ, Werman HA. The beta error and sample size determination in clinical
trials in emergency medicine. Annals of emergency medicine. 1987; 16(2):183-7. https://doi.org/10.
1016/s0196-0644(87)80013-6 PMID: 3800094

PLOS ONE | https://doi.org/10.1371/journal.pone.0241251 October 22, 2020 14/14


https://doi.org/10.1016/j.jacc.2009.09.052
http://www.ncbi.nlm.nih.gov/pubmed/20185036
https://doi.org/10.1001/jama.293.9.1063
http://www.ncbi.nlm.nih.gov/pubmed/15741528
https://doi.org/10.1016/j.jcin.2018.03.021
http://www.ncbi.nlm.nih.gov/pubmed/30077678
https://doi.org/10.1016/j.jacc.2014.02.530
https://doi.org/10.1016/j.jacc.2014.02.530
http://www.ncbi.nlm.nih.gov/pubmed/24583294
https://doi.org/10.1016/s0196-0644(87)80013-6
https://doi.org/10.1016/s0196-0644(87)80013-6
http://www.ncbi.nlm.nih.gov/pubmed/3800094
https://doi.org/10.1371/journal.pone.0241251

