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Abstract

Objective

Whether the cardiovascular (CV) outcomes of second-generation limus-eluting stents

(LESs) differ from those of paclitaxel-eluting stents (PESs) in patients with acute myocardial

infarction (AMI) complicated by cardiogenic shock (CS) is still unclear.

Methods

We used the Taiwan National Health Insurance Research Database to analyse data of 516

patients with AMI and CS diagnosed from January 2007 to December 2011. We used pro-

pensity score matching to adjust for the imbalance in covariate baseline values between

these two groups. We evaluated clinical outcomes by comparing 197 subjects who used

second-generation LESs to 319 matched subjects who used PESs.

Results

The risk of the primary composite outcomes (i.e., myocardial infarction, coronary revascu-

larisation or CV death) was significantly lower in the second-generation LES group than in

the PES group [37.3% vs. 51.8%; hazard ratio (HR), 0.73; 95% CI: 0.56–0.95] at the 12-

month follow-up. The patients who received second-generation LESs had a lower risk of

coronary revascularisation (HR 0.62; 95% CI: 0.41–0.93) than those who used PESs. How-

ever, the risks of myocardial infarction (HR 0.56; 95% CI: 0.26–1.24), ischemic stroke (HR

0.73; 95% CI: 0.23–2.35), or CV death (HR 0.90; 95% CI: 0.63–1.28) were not significantly

different between the two groups.
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Conclusions

Among patients with CS-complicating AMI, second-generation LES implantation signifi-

cantly reduced the risk of coronary revascularisation and composite CV events compared to

PES implantation at the 12-month follow-up.

Introduction

Cardiogenic shock (CS) is the leading cause of death associated with acute myocardial infarc-

tion (AMI), with an incidence of approximately 5%–15% [1]. Revascularisation strategies have

been recommended for patients with AMI with CS, hoping to improve the high morbidity and

mortality rates in this group of patients. Early revascularisation therapy (percutaneous coro-

nary intervention [PCI] or coronary artery bypass graft surgery), when compared with initial

medical stabilisation, has been shown to improve the long-term survival of the CS-AMI

patients [2]. However, the choice of an appropriate coronary stent during PCI for patients

with AMI and CS remains debatable [3]. Drug-eluting stents (DESs) have been reported to be

more efficient than bare-metal stents (BMSs) for reducing mortality or repeat revascularisation

rates among AMI patients and even in CS-AMI patients [4–7]. However, there is not enough

evidence to determine which type of DESs is associated with better clinical outcomes in

CS-AMI patients. Second-generation limus-eluting stent (LES) implantation has been

reported to have better outcomes than paclitaxel-eluting stent (PES) implantation in terms of

stent thrombosis rates, target lesion revascularisation or major adverse cardiac events [8–11].

However, most of these studies excluded patients with AMI and CS.

Owing to the limited data available regarding the cardiovascular (CV) outcomes of different

DES types in CS-AMI patients, we used data from the Taiwan National Health Insurance

Research Database (NHIRD) to conduct a nationwide cohort study on patients with AMI and

CS, comparing the clinical outcomes of second-generation LESs versus those of PESs as

reflected by the CV outcomes, including myocardial infarction (MI), ischemic stroke (IS), cor-

onary revascularisation and CV mortality.

Materials and methods

Data source

For this study, we analysed data from the NHIRD released by the Taiwan National Health

Research Institute. The NHIRD comprises healthcare data of 99.9% of the Taiwanese popula-

tion including data on date of birth, gender, diagnostic codes (International Classification of

Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes), surgical procedures, drug

prescriptions, hospitalisations and expenditure amounts. We made sure to de-identify the

information and records of patients prior to analysis to ensure patient anonymity. The Ethics

Institutional Review Board of Chang Gung Memorial Hospital approved this study.

Study cohort identification

We identified patients with AMI (ICD-9-CM code 410) and CS who received DES implanta-

tions by PCIs during the period from January 2007 to December 2011. The patients who need

inotropic agents or intra-aortic pump (IABP) to keep stable hemodynamics are considered in

the status of CS.[6, 12] We define CS as: (1) the need for dopamine doses>1320 mg; (2) the

need for norepinephrine >132 mg; (3) the need of IABP; or (4) the need of epinephrine 1mg
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at least twice for resuscitation. In the study of Intra-aortic Balloon Support for Myocardial

Infarction with Cardiogenic Shock (IABP-SHOCK II), the median dosage of dopamine was

approximately 4.1–4.2 μg/kg per minute and 0.3–0.4 μg/kg per minute of norepinephrine[13].

According to recent American Heart Association guidelines, 5 μg/kg per minute of dopamine

or 0.5 μg/kg per minute of norepinephrine are the reasonable dosage of inotropic agents to sta-

bilize the hemodynamic status[14, 15]. The median duration of catecholamines in IABP--

SHOCK II study was 3 days [13]. Therefore, we defined the amount of catecholamine dose of

dopamine >1320 mg or norepinephrine >132 mg which are approximately 5 μg/kg per min-

ute for a 60 kg adult for 3 days (dopamine) and 0.5 μg/kg per minute for a 60 kg adult for 3

days (norepinephrine).

The data quality and major diseases such as AMI, ischemic stroke, diabetes or chronic kid-

ney disease (CKD) in the claims database had been validated [16–19]. We defined the index

date as the admission date for AMI, and we classified patients into second-generation LES or

PES groups according to the type of stent they received. We classified patients using everoli-

mus, zotarolimus or biolimus into the second-generation LES group, and those receiving pacli-

taxel stents as the PES group. S1 Fig shows the flowchart of the study cohort enrolment. We

analysed data from all patient follow-ups up until their date of death, withdrawal from the

NHI or December 31, 2011, whichever occurred first.

Comorbidity and study outcomes

We used the ICD-9-CM diagnostic codes (S1 Table) to define comorbidities. The primary out-

comes included the composite CV events of MI, coronary revascularisation and CV death. We

defined MIs as admissions with a diagnosis of acute MI validated in the previous NHIRD studies

[18]. We used the Taiwan’s NHI procedure codes to detect coronary revascularisation. We

defined CV deaths according to the criteria of the Standardised Definitions for End Point Events

in Cardiovascular Trials, published by the Food and Drug Administration [20]. The definition of

CV death has been published [5, 6]. Deaths were identified as NHI programme withdrawals [21].

The secondary outcomes of interest included death from any cause, admission due to heart failure

and stroke. The diagnostic codes of heart failure and stroke were also validated.

Statistical analysis

To compare the two study groups on clinical outcomes, we conducted a propensity score

matching (PSM) to balance the distribution of baseline characteristics between groups. We

matched each patient in the PES group with two patients (if possible) in the second-generation

LES group. The propensity score was the predicted probability of being in the PES group given

the covariate values. Selected covariates included demographics (gender and age), comorbidi-

ties at baseline, prior treatment (PCI or CABG), angiographic and procedural characteristics,

inotropic agent use, medications administered at discharge, intensive care unit (ICU) duration

as well as index and hospitalisation date admission durations (listed in Table 1). We processed

the matching using a greedy nearest neighbour algorithm with a calliper of 0.2 times of the

propensity score logit’s standard deviation. We assessed the quality of matching using the

standardised mean difference (SMD) between groups after matching, and we also considered

absolute values lower than 0.1 as having negligible differences. We compared risks of fatal out-

comes (i.e., primary composite events, CV death and all-cause death) during follow-ups

between the two groups using a Cox proportional hazard model, and we compared the risks of

other time-to-event outcomes between the two groups using a Fine and Gray’s sub-distribu-

tion hazard model considering all-cause deaths as a competing risk. The study group (second

LES vs. PES) was the only one explanatory variable in either the Cox or the Fine and Gray’s
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Table 1. Baseline characteristics of the patients.

Before matching After matching

Characteristics PES 2nd LES SMD PES 2nd LES SMD†

Patient number 222 514 – 197 319 –

Age (year) 68.5±12.7 69.0±13.1 -0.04 68.6±12.5 68.7±13.4 -0.01

Gender

Male 158 (71.2) 375 (73.0) -0.04 141 (71.6) 232 (72.7) -0.02

Female 64 (28.8) 139 (27.0) 0.04 56 (28.4) 87 (27.3) 0.02

Prior myocardial infarction 40 (18.0) 60 (11.7) 0.18 32 (16.2) 45 (14.1) 0.06

Prior stroke 31 (14.0) 82 (16.0) -0.06 28 (14.2) 46 (14.4) -0.01

Peripheral arterial disease 19 (8.6) 35 (6.8) 0.07 15 (7.6) 23 (7.2) 0.02

Prior PCI 21 (9.5) 34 (6.6) 0.11 16 (8.1) 24 (7.5) 0.02

Prior CABG 11 (5.0) 17 (3.3) 0.09 10 (5.1) 13 (4.1) 0.05

Prior other Comorbidities

Hypertension 126 (56.8) 277 (53.9) 0.06 113 (57.4) 175 (54.9) 0.05

Diabetes mellitus 105 (47.3) 224 (43.6) 0.07 95 (48.2) 147 (46.1) 0.04

Dyslipidemia 134 (60.4) 359 (69.8) -0.20 124 (62.9) 212 (66.5) -0.08

Coronary artery disease 54 (24.3) 103 (20.0) 0.10 46 (23.4) 71 (22.3) 0.03

Heart failure 34 (15.3) 56 (10.9) 0.13 26 (13.2) 42 (13.2) <0.01

Chronic kidney disease 22 (9.9) 47 (9.1) 0.03 18 (9.1) 34 (10.7) -0.05

Dialysis 11 (5.0) 28 (5.4) -0.02 11 (5.6) 20 (6.3) -0.03

Atrial fibrillation 11 (5.0) 38 (7.4) -0.10 11 (5.6) 23 (7.2) -0.07

Gout 14 (6.3) 34 (6.6) -0.01 13 (6.6) 19 (6.0) 0.02

Chronic obstructive pulmonary disease 22 (9.9) 51 (9.9) <0.01 19 (9.6) 33 (10.3) -0.02

Malignancy 16 (7.2) 31 (6.0) 0.05 14 (7.1) 23 (7.2) <0.01

Angiographic and Procedural

No. of intervened disease vessels

1 148 (66.7) 337 (65.6) 0.02 132 (67.0) 218 (68.3) -0.03

2 57 (25.7) 150 (29.2) -0.08 52 (26.4) 86 (27.0) -0.01

3 17 (7.7) 27 (5.3) 0.10 13 (6.6) 15 (4.7) 0.08

No. of stents implanted per patient

1 145 (65.3) 343 (66.7) -0.03 131 (66.5) 219 (68.7) -0.05

2 51 (23.0) 113 (22.0) 0.02 44 (22.3) 65 (20.4) 0.05

3 22 (9.9) 36 (7.0) 0.10 19 (9.6) 30 (9.4) 0.01

4 or more 4 (1.8) 22 (4.3) -0.15 3 (1.5) 5 (1.6) -0.01

Aspiration catheter used 25 (11.3) 133 (25.9) -0.38 25 (12.7) 52 (16.3) -0.09

IABP use 116 (52.3) 313 (60.9) -0.17 104 (52.8) 174 (54.5) -0.03

Intubation 85 (38.3) 193 (37.5) 0.02 75 (38.1) 114 (35.7) 0.05

ECMO use 4 (1.8) 41 (8.0) -0.29 4 (2.0) 7 (2.2) -0.01

Stay of intensive care unit (days) 9.1±11.1 9.3±10.6 -0.02 9.2±11.5 9.4±11.1 -0.02

Dosage of inotropic medication

Dopamine (mg×103) 2.2±2.8 2.3±2.9 -0.04 2.0±2.8 2.1±2.9 -0.04

Norepinephrine (mg) 8.6±22.6 13.6±27.9 -0.20 8.3±21.8 9.0±23.2 -0.03

Epinephrine (mg) 5.4±9.3 5.9±9.9 -0.05 5.5±9.4 4.7±8.7 0.09

Medication during index admission

Aspirin 208 (93.7) 486 (94.6) -0.04 186 (94.4) 300 (94.0) 0.02

Clopidogrel 218 (98.2) 507 (98.6) -0.03 193 (98.0) 314 (98.4) -0.03

Dual antiplatelet 207 (93.2) 484 (94.2) -0.04 185 (93.9) 299 (93.7) 0.01

B-blocker 136 (61.3) 323 (62.8) -0.03 125 (63.5) 198 (62.1) 0.03

(Continued)
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models. We performed a pre-specified subgroup analysis on primary composite events to

explore whether the beneficial effect of second-generation LESs was inconsistent across differ-

ent subgroup levels. For patients receiving second-generation LESs before the PSM, we used

pairwise log-rank tests to compare the risks of primary composite events among different

stents. Finally, we compared the clinical characteristics between the older patients (�65 years)

and younger ones (<65 years) within the PSM cohort, using the t- or χ2-tests. A P-value<0.05

was considered statistically significant. We made no multiple testing (multiplicity) adjustments

in this study. We performed all statistical analyses using a commercial software (SAS 9.4, SAS

Institute, Cary, NC), including procedures of psmatch for PSM and phreg for survival analyses.

Results

Patient characteristics

We identified 736 patients with AMI and CS eligible from databases spanning a period from Janu-

ary 2007 to December 2011 for this study. Of those, 222 patients (30.2%) received PES implanta-

tion and 514 (69.8%) received second-generation LES implantation. After PSM, 122 patients in

the PES group had two counterparts and 75 patients in the PES group had only one counterpart,

resulting in a total of 319 patients in the second-generation LES group and 197 patients in the PES

group. The average age of the post-matching cohort was 68.6 years (SD = 13.3 years).

Before the PSM, the patients treated with second-generation LESs had a greater proportion

of dyslipidaemia, use of aspiration catheter, Intra-aortic balloon pump (IABP), extracorporeal

membrane oxygenation (ECMO), statins and a higher norepinephrine dose (absolute SMD

>0.1). After the PSM, we found no substantial differences in terms of demographics, comor-

bidities, angiographic and procedure characteristics, or inotropic agent and medications dos-

ages at discharge between the study groups (absolute SMD <0.1; Table 1). The duration of

ICU stay (9.2 days vs. 9.4 days) and the index admission stay (17.5 days vs. 17.8 days) was also

similar between the PES and the second-generation LES groups.

Clinical outcomes

The in-hospital mortality rate was 23.4% (46/197) and 21.9% (70/319) in the PESs and second-

generation LES groups, respectively. It’s noted that the in-hospital mortality rate did not signif-

icantly differ between the two groups (P = 0.710). The proportion of the primary composite

Table 1. (Continued)

Before matching After matching

Characteristics PES 2nd LES SMD PES 2nd LES SMD†

ACEI/ARB 161 (72.5) 355 (69.1) 0.07 145 (73.6) 228 (71.5) 0.05

Statin 117 (52.7) 333 (64.8) -0.25 110 (55.8) 195 (61.1) -0.10

PPI 60 (27.0) 162 (31.5) -0.10 55 (27.9) 92 (28.8) -0.02

Calcium channel blocker 67 (30.2) 150 (29.2) 0.02 57 (28.9) 88 (27.6) 0.03

GP IIb/IIIa 6 (2.7) 15 (2.9) -0.01 6 (3.0) 9 (2.8) 0.01

Index admission duration (day) 17.6±20.8 17.3±19.2 0.01 17.5±20.9 17.8±19.8 -0.01

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; ECMO, extracorporeal membrane

oxygenation; GP: glycoprotein; IABP, intra-aortic balloon pump; LES, limus-eluting stent; PES, paclitaxel-eluting stent; PPI, proton-pump inhibitor; PCI, percutaneous

coronary intervention; SMD, standardized mean difference.

Data were presented as frequency and percentage or mean ± standard deviation.

†An absolute SMD of� 0.1 indicates a negligible difference.

https://doi.org/10.1371/journal.pone.0214417.t001
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outcomes at 6 months was 44.7 and 32.9% in the PES and second-generation LES groups,

respectively (Table 2). This difference increased by the 12-month follow-ups (51.8% vs. 37.3%)

(Fig 1A). The second-generation LES group was associated with a significantly lower risk of

the primary composite outcome at both the 6-month (HR 0.73; 95% CI: 0.55–0.97) and the

12-month follow-ups (HR 0.73; 95% CI: 0.56–0.95).

In terms of the primary outcome components, the patients receiving second-generation

LESs had a lower risk of coronary revascularisation compared with those receiving PESs at

either the 6-month (HR 0.55; 95% CI: 0.34–0.88) or the 12-month follow-ups (HR 0.62; 95%

CI: 0.41–0.93) (Table 2; Fig 1B). We found no group differences regarding other components,

including myocardial infarction or CV death.

Regarding secondary outcomes, we found no significant differences in the risks of stroke

(HR 0.81; 95% CI: 0.28–2.36), heart failure admission (HR 1.50; 95% CI: 0.68–3.31) or all-

cause mortality (HR 1.03; 95% CI: 0.76–1.41) between the second-generation LES and the PES

groups (Table 2).

Subgroup analysis

Among the 514 patients receiving second-generation LESs before the PSM as samples, 140

patients (27.2%) received everolimus-eluting stents (EESs), 316 (61.5%) received zotarolimus-

Table 2. Clinical outcome at various follow-up times.

Follow up / Outcome Number of event (%) 2nd LES vs. PES

HR (95% CI) †

P

PES

(n = 197)

2nd LES

(n = 319)

6-month follow up

Primary composite events 88 (44.7) 105 (32.9) 0.73 (0.55, 0.97) 0.029

Myocardial infarction 13 (6.6) 11 (3.4) 0.48 (0.21, 1.09) 0.078

Revascularization 39 (19.8) 34 (10.7) 0.55 (0.34, 0.88) 0.012

PCI 33 (16.8) 28 (8.8) 0.55 (0.33, 0.92) 0.022

CABG 7 (3.6) 8 (2.5) 0.67 (0.23, 1.96) 0.469

Cardiovascular death 49 (24.9) 71 (22.3) 0.91 (0.63, 1.31) 0.612

12-month follow up

Primary composite events 102 (51.8) 119 (37.3) 0.73 (0.56, 0.95) 0.021

Myocardial infarction 14 (7.1) 13 (4.1) 0.56 (0.26, 1.24) 0.151

Revascularization 49 (24.9) 47 (14.7) 0.62 (0.41, 0.93) 0.021

PCI 43 (21.8) 41 (12.9) 0.63 (0.41, 0.98) 0.039

CABG 7 (3.6) 8 (2.5) 0.67 (0.23, 1.96) 0.469

Cardiovascular death 52 (26.4) 73 (22.9) 0.90 (0.63, 1.28) 0.540

All cause death 67 (34.0) 106 (33.2) 1.03 (0.76, 1.41) 0.828

Heart failure admission 10 (5.1) 21 (6.6) 1.50 (0.68, 3.31) 0.319

Any CVA 6 (3.0) 8 (2.5) 0.81 (0.28, 2.36) 0.703

Ischemic stroke 5 (2.5) 6 (1.9) 0.73 (0.23, 2.35) 0.596

Hemorrhagic stroke 1 (0.5) 2 (0.6) 1.11 (0.10, 12.93) 0.934

Unspecified stroke 1 (0.5) 1 (0.3) 0.80 (0.04, 14.34) 0.877

HR, hazard ratio; CI, confidence interval; LES, limus-eluting stent; PES, paclitaxel-eluting stent; PCI, percutaneous coronary intervention; CABG, coronary artery

bypass graft; CVA, cerebral vascular accident.

† Except for cardiovascular death, all cause death and primary composite events, other outcomes were estimated using Fine and Gray’s subdistribution hazard model

which considered all cause death as a competing risk

https://doi.org/10.1371/journal.pone.0214417.t002
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Fig 1. Cumulative event rates of (A) primary composite outcomes and (B) revascularisation during the 6-month and 12-month

follow-ups. The primary outcome was a composite of myocardial infarction, coronary revascularisation and cardiovascular death.

https://doi.org/10.1371/journal.pone.0214417.g001
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eluting stents (ZESs), 45 (8.8%) received biolimus-eluting stents (BESs) and 13 (2.5%) received

mixed types of second-generation LESs. We found no significant differences in the primary

composite outcomes of recurrent MI, coronary revascularisation or CV death at the 1-year fol-

low-ups between the different LES subgroups (S2 Fig).

We further analysed the primary composite outcomes at the 12-month follow-up stratified

by patient’s characteristics. The beneficial effect of second-generation LESs over PESs was

unaffected by the previous history of diabetes mellitus, hyperlipidaemia, heart failure, CKD,

dialysis, atrial fibrillation, number of intervened disease vessels or IABP support during the

index admission, but was more apparent in the younger population (age <65 years) than in

the older population (age�65 years) (P for interaction = 0.032) (Fig 2).

The baseline comorbidities of the CS-AMI cohort stratified according to being younger or

older than 65 years are shown in S2 Table. Compared with patients younger than 65, those

who older were so significantly (77.0 years vs. 54.4 years) had more comorbidities such as dia-

betes (50.9% vs. 40.0%), hypertension (61.3% vs. 46.3%), prior stroke (17.2% vs. 9.5%), atrial

fibrillation (8.9% vs. 2.6%), coronary artery disease (28.2% vs. 13.2%) with higher intubation

rates (42.6% vs. 26.3%) and longer ICU stay durations (11.0% vs. 6.6%) (S2 Table). The

12-month mortality rates in patients younger and older than 65 years were 15.3% and 44.2%,

respectively.

Fig 2. Pre-specified subgroup analysis for primary composite outcomes.

https://doi.org/10.1371/journal.pone.0214417.g002
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Discussion

To our knowledge, this is the largest contemporary cohort comparison on clinical outcomes of

second-generation LES vs. PES therapy in patients with AMI and CS. The risk of primary com-

posite outcomes was 14.5% lower in the second-generation LES therapy than in the PES ther-

apy at the 12-month follow-ups. Coronary revascularisation was performed less frequently in

the second-generation LES group than in the PES group. We found no differences in the rates

of MI, ischemic stroke, CV death or all-cause mortality between the two study groups.

Our results suggest a considerably high CV event rate in patients with CS receiving DESs,

with 42.8% of the population developing primary composite CV events (5.2% experienced

recurrent MI, and nearly one in three (33.5%) patients died by the 12-month follow-ups).

Even with these high adverse event rates, we found that in a ‘real-world’ CS-AMI population,

second-generation LES implantation is associated with lower revascularisation rates than PES

implantation at the 1-year follow-up. The relative benefits of the second-generation LES com-

pared with those of the PES were consistent across the multiple subgroups examined, includ-

ing those with diabetes mellitus, hyperlipidaemia, heart failure, CKD, dialysis and atrial

fibrillation. These findings should help clinicians decide the optimal stent strategy for patients

with CS-AMI.

The identity of the most appropriate coronary stent for patients with AMI and CS is still

debatable. DESs have been proved to be more efficient than BMSs in reducing repeat revascu-

larisation rates and mortality rates and have also been mentioned by guidelines for treating

patients with AMI [22, 23]. Even in the population of CS-complicating AMI, DES implanta-

tion can reduce the risk of PCI and death compared to BMS implantation [6]. However, the

studies on the types of DESs for this group of patients are limited. The clinical question of

whether the safety and efficacy of the second-generation LESs are significantly better than

those of the PESs still needs to be addressed in patients with AMI and CS. Studies focusing on

patients with stable or unstable angina have proved the benefits of second-generation LESs,

such as EESs or ZESs, with reduction in revascularisation compared to PESs at 12-month fol-

low-ups [24, 25]. Possible mechanisms for the decreased revascularisation rate of the second-

generation LESs, compared to that of the PESs, may involve the new antiproliferative agents,

the relatively thin stent struts with improved, durable, biocompatible polymers that can reduce

the stent-mediated endoluminal injury and the endothelialisation time. Another possible

explanation is the lower frequency of stent thrombosis of second-generation LESs in patients

with AMI [26], although we could not clarify the frequency of stent thrombosis. In the current

study, the reduced revascularisation rates and composite outcomes were consistent with those

in other studies and further support the clinical benefit of the second-generation LESs versus

PESs for this critically, complex patient population (patients with AMI complicated with CS).

The cumulative rates of primary composite outcomes observed at the 1-year follow-ups did

not differ significantly across the EES, ZES or BES types in our study. A randomised control

trial has demonstrated similar major adverse CV events of MI, revascularisation or death

between ZESs and EESs within 12 months [27]. Similarly, the safety and efficacy of ZESs and

EESs have also been proved in many different populations including patients with diabetes

mellitus [28], Asian populations [29] and also in real-world patients with more than half of the

population presenting acute coronary syndromes [30]. Our results are consistent with those in

other studies and further demonstrate the comparable clinical outcomes of both EESs and

ZESs in patients with AMI complicated with CS.

Interestingly, the beneficial effect of second-generation LESs over PESs was more apparent

in the younger population (age <65 years) than in the older population (age�65 years). A

meta-analysis of EESs versus PESs has suggested a numerical low risk of target lesion failure of
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EESs in those younger than 65 (HR 0.68; 95% CI: 0.54–0.86) when compared to those older

than 65 (HR 0.75; 95% CI: 0.57–0.99) at 3-year follow-ups [11]. For patients with AMI and CS,

older age has been linked with higher mortality rates with each additional year consistently

conferring approximately 4–5% increased odds of death [31, 32]. In this study, the mean age of

those older than 65 was significantly higher than that of those younger than 65 (77.0 years vs.

54.4 years). Patients older than 65 had more comorbidities such as diabetes, hypertension,

hyperlipidaemia, coronary artery disease, peripheral artery disease, heart failure, prior MI and

prior stroke and had a higher rate of intubation and longer ICU stay durations when compared

with those younger than 65. Moreover, the 12-month mortality rate in patients younger than

65 was 15.3%, but it rose up to 44.2% in patients older than 65 years. The possible explanations

for the different effect of second-generation LESs over PESs in the different age groups involve

baseline comorbidity differences and the higher mortality rates of patients older than 65.

Study limitations

The strength of our study is its real-world perspective data about clinical outcomes of the sec-

ond-generation LESs compared with PESs in the high-risk subset of patients with AMI and

CS. However, some limitations warrant mention. First, owing to the retrospective nature of

our study, the two groups might have had inherent differences. Although we used PSM to bal-

ance differences in major characteristics at baseline, LES or PES implantation was selected by

the physicians in charge, which may have led to the selection bias. However, before the PSM,

the second-generation LES group had a greater proportion of dyslipidaemia, of IABP and

ECMO use and higher norepinephrine doses, which suggest an initial higher clinical severity.

Even then, we still found a beneficial effect of the second-generation LESs over PESs in our

analysis. Second, the NHIRD lacks data on lifestyle factors such as the body mass index, smok-

ing, alcohol consumption and physical activity, all of which are potential confounding factors

for each of the outcomes. However, we used chronic obstructive pulmonary disease (COPD)

as a proxy variable for smoking, because cigarette smoking is the major factor in COPD and is

strongly associated with the prevalence of COPD [33]. Moreover, there is a significant differ-

ence of smoking prevalence between men and women (51% in men and 5% in women) in Tai-

wan [34]. Therefore, by matching the COPD and gender variables between the two study

groups, we mitigated the threat of this potential limitation [35]. Third, data did not include the

baseline blood pressure, mental status, urine amount or laboratory parameters including

serum lactate, troponin and B-type natriuretic peptide levels, which may provide additional

information. Finally, we could not clarify the frequency of stent thrombosis due to database

limitations.

Conclusions

Second-generation LESs reduced the risk of major CV events significantly, especially those for

coronary revascularisation, compared with PES implantation in patients with AMI and CS

undergoing PCI. The beneficial effect was more apparent in the younger population (age <65

years) than in the older population (age�65 years). Our results suggest that the second-gener-

ation LES is more efficient than PES in patients with CS-complicating AMI.

Supporting information

S1 Fig. Flow chart of participants’ selection.

(TIF)

LES and PES in cardiogenic shock

PLOS ONE | https://doi.org/10.1371/journal.pone.0214417 April 3, 2019 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214417.s001
https://doi.org/10.1371/journal.pone.0214417


S2 Fig. Effect of stent subtypes on the risk of primary composite outcomes during 1-year

follow-up using the sample before propensity score matching.

(TIF)

S1 Table. ICD-9-CM diagnostic codes.

(DOCX)

S2 Table. The baseline comorbidities of the CS-AMI cohort stratified according to being

younger or older than 65 years.

(DOCX)

Acknowledgments

We would like to thank Alfred Hsing-Fen Lin and Zoe Ya-Jhu Syu for the statistical assistance

during the completion of this manuscript.

Author Contributions

Conceptualization: Tien-Hsing Chen, Dong-Yi Chen.

Data curation: Chun-Tai Mao.

Formal analysis: Dong-Yi Chen.

Investigation: Chun-Tai Mao, Tien-Hsing Chen, Chi-Nan Tseng, Shao-Wei Chen, I-Chang

Hsieh, Ming-Jui Hung, Pao-Hsien Chu, Chao-Hung Wang, Ming-Shien Wen, Wen-Jin

Cherng, Dong-Yi Chen.

Methodology: Chun-Tai Mao, Tien-Hsing Chen, Chi-Nan Tseng, Shao-Wei Chen, I-Chang

Hsieh, Ming-Jui Hung, Pao-Hsien Chu, Chao-Hung Wang, Ming-Shien Wen, Wen-Jin

Cherng, Dong-Yi Chen.

Writing – review & editing: Dong-Yi Chen.

References
1. Leor J, Goldbourt U, Reicher-Reiss H, Kaplinsky E, Behar S. Cardiogenic shock complicating acute

myocardial infarction in patients without heart failure on admission: incidence, risk factors, and out-

come. SPRINT Study Group. The American journal of medicine. 1993; 94(3):265–73. Epub 1993/03/

01. PMID: 8452150.

2. Hochman JS, Sleeper LA, Webb JG, Sanborn TA, White HD, Talley JD, et al. Early revascularization in

acute myocardial infarction complicated by cardiogenic shock. SHOCK Investigators. Should We Emer-

gently Revascularize Occluded Coronaries for Cardiogenic Shock. The New England journal of medi-

cine. 1999; 341(9):625–34. Epub 1999/08/26. https://doi.org/10.1056/NEJM199908263410901 PMID:

10460813.

3. Champion S. Limited evidence of improved efficacy regarding drug eluting stents in patients with cardio-

genic shock. International journal of cardiology. 2016; 223:10. Epub 2016/08/18. https://doi.org/10.

1016/j.ijcard.2016.08.059 PMID: 27532231.

4. Mauri L, Silbaugh TS, Garg P, Wolf RE, Zelevinsky K, Lovett A, et al. Drug-eluting or bare-metal stents

for acute myocardial infarction. The New England journal of medicine. 2008; 359(13):1330–42. Epub

2008/09/26. https://doi.org/10.1056/NEJMoa0801485 PMID: 18815397.

5. Chen DY, Mao CT, Tsai ML, Hsieh MJ, Lin YS, Cherng WJ, et al. Clinical Outcomes of Drug-Eluting

Stents vs. Bare-Metal Stents in Acute Myocardial Infarction Patients Under Dialysis—A Nationwide

Cohort Study. Circulation journal: official journal of the Japanese Circulation Society. 2016; 80(2):363–

70. Epub 2015/11/20. https://doi.org/10.1253/circj.CJ-15-0778 PMID: 26581755.

6. Chen DY, Mao CT, Tsai ML, Chen SW, Lin YS, Hsieh IC, et al. Clinical outcomes of drug-eluting stents

versus bare-metal stents in patients with cardiogenic shock complicating acute myocardial infarction.

International journal of cardiology. 2016; 215:98–104. Epub 2016/04/26. https://doi.org/10.1016/j.ijcard.

2016.04.014 PMID: 27111168.

LES and PES in cardiogenic shock

PLOS ONE | https://doi.org/10.1371/journal.pone.0214417 April 3, 2019 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214417.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214417.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214417.s004
http://www.ncbi.nlm.nih.gov/pubmed/8452150
https://doi.org/10.1056/NEJM199908263410901
http://www.ncbi.nlm.nih.gov/pubmed/10460813
https://doi.org/10.1016/j.ijcard.2016.08.059
https://doi.org/10.1016/j.ijcard.2016.08.059
http://www.ncbi.nlm.nih.gov/pubmed/27532231
https://doi.org/10.1056/NEJMoa0801485
http://www.ncbi.nlm.nih.gov/pubmed/18815397
https://doi.org/10.1253/circj.CJ-15-0778
http://www.ncbi.nlm.nih.gov/pubmed/26581755
https://doi.org/10.1016/j.ijcard.2016.04.014
https://doi.org/10.1016/j.ijcard.2016.04.014
http://www.ncbi.nlm.nih.gov/pubmed/27111168
https://doi.org/10.1371/journal.pone.0214417


7. Jaguszewski M, Ghadri JR, Seifert B, Hiestand T, Herrera P, Gaemperli O, et al. Drug-eluting stents vs.

bare metal stents in patients with cardiogenic shock: a comparison by propensity score analysis. Jour-

nal of cardiovascular medicine (Hagerstown, Md). 2015; 16(3):220–9. Epub 2014/07/01. https://doi.org/

10.2459/jcm.0000000000000106 PMID: 24979116.

8. Simsek C, Raber L, Magro M, Boersma E, Onuma Y, Stefanini GG, et al. Long-term outcome of the

unrestricted use of everolimus-eluting stents compared to sirolimus-eluting stents and paclitaxel-eluting

stents in diabetic patients: the Bern-Rotterdam diabetes cohort study. International journal of cardiol-

ogy. 2013; 170(1):36–42. Epub 2013/11/08. https://doi.org/10.1016/j.ijcard.2013.10.006 PMID:

24196314.

9. Liu Y, Gao L, Song Y, Chen L, Xue Q, Tian J, et al. Efficacy and safety of limus-eluting versus pacli-

taxel-eluting coronary artery stents in patients with diabetes mellitus: A meta-analysis. International

journal of cardiology. 2015; 184:680–91. Epub 2015/03/18. https://doi.org/10.1016/j.ijcard.2015.02.002

PMID: 25777069.

10. Valgimigli M, Tebaldi M, Borghesi M, Vranckx P, Campo G, Tumscitz C, et al. Two-year outcomes after

first- or second-generation drug-eluting or bare-metal stent implantation in all-comer patients undergo-

ing percutaneous coronary intervention: a pre-specified analysis from the PRODIGY study (PROlong-

ing Dual Antiplatelet Treatment After Grading stent-induced Intimal hyperplasia studY). JACC

Cardiovascular interventions. 2014; 7(1):20–8. Epub 2013/12/18. https://doi.org/10.1016/j.jcin.2013.09.

008 PMID: 24332420.

11. Dangas GD, Serruys PW, Kereiakes DJ, Hermiller J, Rizvi A, Newman W, et al. Meta-analysis of evero-

limus-eluting versus paclitaxel-eluting stents in coronary artery disease: final 3-year results of the

SPIRIT clinical trials program (Clinical Evaluation of the Xience V Everolimus Eluting Coronary Stent

System in the Treatment of Patients With De Novo Native Coronary Artery Lesions). JACC Cardiovas-

cular interventions. 2013; 6(9):914–22. Epub 2013/09/21. https://doi.org/10.1016/j.jcin.2013.05.005

PMID: 24050859.

12. Mao CT, Wang JL, Chen DY, Tsai ML, Lin YS, Cherng WJ, et al. Benefits of Intraaortic Balloon Support

for Myocardial Infarction Patients in Severe Cardiogenic Shock Undergoing Coronary Revasculariza-

tion. PloS one. 2016; 11(8):e0160070. Epub 2016/08/03. https://doi.org/10.1371/journal.pone.0160070

PMID: 27483439; PubMed Central PMCID: PMCPMC4970797.

13. 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. Epub 2012/08/28. https://doi.org/10.1056/NEJMoa1208410 PMID: 22920912.

14. Peberdy MA, Callaway CW, Neumar RW, Geocadin RG, Zimmerman JL, Donnino M, et al. Part 9: post-

cardiac arrest care: 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation

and Emergency Cardiovascular Care. Circulation. 2010; 122(18 Suppl 3):S768–86. Epub 2010/10/22.

https://doi.org/10.1161/circulationaha.110.971002 PMID: 20956225.

15. van Diepen S, Katz JN, Albert NM, Henry TD, Jacobs AK, Kapur NK, et al. Contemporary Management

of Cardiogenic Shock: A Scientific Statement From the American Heart Association. Circulation. 2017;

136(16):e232–e68. Epub 2017/09/20. https://doi.org/10.1161/CIR.0000000000000525 PMID:

28923988.

16. Lin CC, Lai MS, Syu CY, Chang SC, Tseng FY. Accuracy of diabetes diagnosis in health insurance

claims data in Taiwan. Journal of the Formosan Medical Association = Taiwan yi zhi. 2005; 104(3):157–

63. Epub 2005/04/09. PMID: 15818428.

17. Cheng CL, Kao YH, Lin SJ, Lee CH, Lai ML. Validation of the National Health Insurance Research Data-

base with ischemic stroke cases in Taiwan. Pharmacoepidemiology and drug safety. 2011; 20(3):236–

42. Epub 2011/02/26. https://doi.org/10.1002/pds.2087 PMID: 21351304.

18. Cheng CL, Lee CH, Chen PS, Li YH, Lin SJ, Yang YH. Validation of acute myocardial infarction cases

in the national health insurance research database in taiwan. Journal of epidemiology. 2014; 24

(6):500–7. Epub 2014/09/02. https://doi.org/10.2188/jea.JE20140076 PMID: 25174915; PubMed Cen-

tral PMCID: PMCPMC4213225.

19. Hsieh CY, Chen CH, Li CY, Lai ML. Validating the diagnosis of acute ischemic stroke in a National

Health Insurance claims database. Journal of the Formosan Medical Association = Taiwan yi zhi. 2015;

114(3):254–9. Epub 2013/10/22. https://doi.org/10.1016/j.jfma.2013.09.009 PMID: 24140108.

20. Hicks KA HH, Mahaffey KW, Mehran R, Nissen SE, Stockbridge NL, et al; for Standardized Data Collec-

tion for Cardiovascular Trials Initiative. Standardized Definitions for End Point Events in Cardiovascular

Trials. US Food & Drug Administration. 2010.

21. Wu CY, Chen YJ, Ho HJ, Hsu YC, Kuo KN, Wu MS, et al. Association between nucleoside analogues

and risk of hepatitis B virus-related hepatocellular carcinoma recurrence following liver resection. Jama.

2012; 308(18):1906–14. Epub 2012/11/20. PMID: 23162861.

22. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, et al. 2015 ESC Guidelines for the

management of acute coronary syndromes in patients presenting without persistent ST-segment

LES and PES in cardiogenic shock

PLOS ONE | https://doi.org/10.1371/journal.pone.0214417 April 3, 2019 12 / 13

https://doi.org/10.2459/jcm.0000000000000106
https://doi.org/10.2459/jcm.0000000000000106
http://www.ncbi.nlm.nih.gov/pubmed/24979116
https://doi.org/10.1016/j.ijcard.2013.10.006
http://www.ncbi.nlm.nih.gov/pubmed/24196314
https://doi.org/10.1016/j.ijcard.2015.02.002
http://www.ncbi.nlm.nih.gov/pubmed/25777069
https://doi.org/10.1016/j.jcin.2013.09.008
https://doi.org/10.1016/j.jcin.2013.09.008
http://www.ncbi.nlm.nih.gov/pubmed/24332420
https://doi.org/10.1016/j.jcin.2013.05.005
http://www.ncbi.nlm.nih.gov/pubmed/24050859
https://doi.org/10.1371/journal.pone.0160070
http://www.ncbi.nlm.nih.gov/pubmed/27483439
https://doi.org/10.1056/NEJMoa1208410
http://www.ncbi.nlm.nih.gov/pubmed/22920912
https://doi.org/10.1161/circulationaha.110.971002
http://www.ncbi.nlm.nih.gov/pubmed/20956225
https://doi.org/10.1161/CIR.0000000000000525
http://www.ncbi.nlm.nih.gov/pubmed/28923988
http://www.ncbi.nlm.nih.gov/pubmed/15818428
https://doi.org/10.1002/pds.2087
http://www.ncbi.nlm.nih.gov/pubmed/21351304
https://doi.org/10.2188/jea.JE20140076
http://www.ncbi.nlm.nih.gov/pubmed/25174915
https://doi.org/10.1016/j.jfma.2013.09.009
http://www.ncbi.nlm.nih.gov/pubmed/24140108
http://www.ncbi.nlm.nih.gov/pubmed/23162861
https://doi.org/10.1371/journal.pone.0214417


elevation: Task Force for the Management of Acute Coronary Syndromes in Patients Presenting with-

out Persistent ST-Segment Elevation of the European Society of Cardiology (ESC). European heart

journal. 2016; 37(3):267–315. Epub 2015/09/01. https://doi.org/10.1093/eurheartj/ehv320 PMID:

26320110.

23. Steg PG, James SK, Atar D, Badano LP, Blomstrom-Lundqvist C, Borger MA, et al. ESC Guidelines for

the management of acute myocardial infarction in patients presenting with ST-segment elevation. Euro-

pean heart journal. 2012; 33(20):2569–619. Epub 2012/08/28. https://doi.org/10.1093/eurheartj/ehs215

PMID: 22922416.

24. Kereiakes DJ, Sudhir K, Hermiller JB, Gordon PC, Ferguson J, Yaqub M, et al. Comparison of everoli-

mus-eluting and paclitaxel-eluting coronary stents in patients undergoing multilesion and multivessel

intervention: the SPIRIT III (A Clinical Evaluation of the Investigational Device XIENCE V Everolimus

Eluting Coronary Stent System [EECSS] in the Treatment of Subjects With De Novo Native Coronary

Artery Lesions) and SPIRIT IV (Clinical Evaluation of the XIENCE V Everolimus Eluting Coronary Stent

System in the Treatment of Subjects With De Novo Native Coronary Artery Lesions) randomized trials.

JACC Cardiovascular interventions. 2010; 3(12):1229–39. Epub 2011/01/15. https://doi.org/10.1016/j.

jcin.2010.09.014 PMID: 21232716.

25. Park DW, Kim YH, Yun SC, Kang SJ, Lee SW, Lee CW, et al. Comparison of zotarolimus-eluting stents

with sirolimus- and paclitaxel-eluting stents for coronary revascularization: the ZEST (comparison of the

efficacy and safety of zotarolimus-eluting stent with sirolimus-eluting and paclitaxel-eluting stent for cor-

onary lesions) randomized trial. Journal of the American College of Cardiology. 2010; 56(15):1187–95.

Epub 2010/10/05. https://doi.org/10.1016/j.jacc.2010.03.086 PMID: 20883925.

26. de la Torre Hernandez JM, Alfonso F, Martin Yuste V, Sanchez Recalde A, Jimenez Navarro MF, Perez

de Prado A, et al. Comparison of paclitaxel and everolimus-eluting stents in ST-segment elevation myo-

cardial infarction and influence of thrombectomy on outcomes. ESTROFA-IM study. Revista espanola

de cardiologia (English ed). 2014; 67(12):999–1006. Epub 2014/11/30. https://doi.org/10.1016/j.rec.

2014.01.019 PMID: 25432710.

27. Serruys PW, Silber S, Garg S, van Geuns RJ, Richardt G, Buszman PE, et al. Comparison of zotaroli-

mus-eluting and everolimus-eluting coronary stents. The New England journal of medicine. 2010; 363

(2):136–46. Epub 2010/06/18. https://doi.org/10.1056/NEJMoa1004130 PMID: 20554978.

28. Park KW, Lee JM, Kang SH, Ahn HS, Kang HJ, Koo BK, et al. Everolimus-eluting Xience v/Promus ver-

sus zotarolimus-eluting resolute stents in patients with diabetes mellitus. JACC Cardiovascular inter-

ventions. 2014; 7(5):471–81. Epub 2014/05/24. https://doi.org/10.1016/j.jcin.2013.12.201 PMID:

24852802.

29. Lee JM, Park KW, Han JK, Yang HM, Kang HJ, Koo BK, et al. Three-year patient-related and stent-

related outcomes of second-generation everolimus-eluting Xience V stents versus zotarolimus-eluting

resolute stents in real-world practice (from the Multicenter Prospective EXCELLENT and RESOLUTE-

Korea Registries). The American journal of cardiology. 2014; 114(9):1329–38. Epub 2014/09/14.

https://doi.org/10.1016/j.amjcard.2014.07.065 PMID: 25217457.

30. von Birgelen C, Basalus MW, Tandjung K, van Houwelingen KG, Stoel MG, Louwerenburg JH, et al. A

randomized controlled trial in second-generation zotarolimus-eluting Resolute stents versus everoli-

mus-eluting Xience V stents in real-world patients: the TWENTE trial. Journal of the American College

of Cardiology. 2012; 59(15):1350–61. Epub 2012/02/22. https://doi.org/10.1016/j.jacc.2012.01.008

PMID: 22341737.

31. Harjola VP, Lassus J, Sionis A, Kober L, Tarvasmaki T, Spinar J, et al. Clinical picture and risk predic-

tion of short-term mortality in cardiogenic shock. European journal of heart failure. 2015; 17(5):501–9.

Epub 2015/03/31. https://doi.org/10.1002/ejhf.260 PMID: 25820680.

32. Sleeper LA, Reynolds HR, White HD, Webb JG, Dzavik V, Hochman JS. A severity scoring system for

risk assessment of patients with cardiogenic shock: a report from the SHOCK Trial and Registry. Ameri-

can heart journal. 2010; 160(3):443–50. Epub 2010/09/10. https://doi.org/10.1016/j.ahj.2010.06.024

PMID: 20826251; PubMed Central PMCID: PMCPMC4229030.

33. Patel BD, Loo WJ, Tasker AD, Screaton NJ, Burrows NP, Silverman EK, et al. Smoking related COPD

and facial wrinkling: is there a common susceptibility? Thorax. 2006; 61(7):568–71. Epub 2006/06/16.

https://doi.org/10.1136/thx.2005.053827 PMID: 16774949; PubMed Central PMCID:

PMCPMC2104653.

34. Chuang YC, Chuang KY. Gender differences in relationships between social capital and individual

smoking and drinking behavior in Taiwan. Social science & medicine (1982). 2008; 67(8):1321–30.

Epub 2008/08/01. https://doi.org/10.1016/j.socscimed.2008.06.033 PMID: 18667260.

35. Chang KH, Hsu CC, Muo CH, Hsu CY, Liu HC, Kao CH, et al. Air pollution exposure increases the risk

of rheumatoid arthritis: A longitudinal and nationwide study. Environment international. 2016; 94:495–9.

Epub 2016/06/16. https://doi.org/10.1016/j.envint.2016.06.008 PMID: 27302847.

LES and PES in cardiogenic shock

PLOS ONE | https://doi.org/10.1371/journal.pone.0214417 April 3, 2019 13 / 13

https://doi.org/10.1093/eurheartj/ehv320
http://www.ncbi.nlm.nih.gov/pubmed/26320110
https://doi.org/10.1093/eurheartj/ehs215
http://www.ncbi.nlm.nih.gov/pubmed/22922416
https://doi.org/10.1016/j.jcin.2010.09.014
https://doi.org/10.1016/j.jcin.2010.09.014
http://www.ncbi.nlm.nih.gov/pubmed/21232716
https://doi.org/10.1016/j.jacc.2010.03.086
http://www.ncbi.nlm.nih.gov/pubmed/20883925
https://doi.org/10.1016/j.rec.2014.01.019
https://doi.org/10.1016/j.rec.2014.01.019
http://www.ncbi.nlm.nih.gov/pubmed/25432710
https://doi.org/10.1056/NEJMoa1004130
http://www.ncbi.nlm.nih.gov/pubmed/20554978
https://doi.org/10.1016/j.jcin.2013.12.201
http://www.ncbi.nlm.nih.gov/pubmed/24852802
https://doi.org/10.1016/j.amjcard.2014.07.065
http://www.ncbi.nlm.nih.gov/pubmed/25217457
https://doi.org/10.1016/j.jacc.2012.01.008
http://www.ncbi.nlm.nih.gov/pubmed/22341737
https://doi.org/10.1002/ejhf.260
http://www.ncbi.nlm.nih.gov/pubmed/25820680
https://doi.org/10.1016/j.ahj.2010.06.024
http://www.ncbi.nlm.nih.gov/pubmed/20826251
https://doi.org/10.1136/thx.2005.053827
http://www.ncbi.nlm.nih.gov/pubmed/16774949
https://doi.org/10.1016/j.socscimed.2008.06.033
http://www.ncbi.nlm.nih.gov/pubmed/18667260
https://doi.org/10.1016/j.envint.2016.06.008
http://www.ncbi.nlm.nih.gov/pubmed/27302847
https://doi.org/10.1371/journal.pone.0214417

