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Cardiovascular Disease in Southeast Asia

FINDINGS FROM THE GLOBAL BURDEN OF DISEASE STUDY

Figure 1. Regional map of 2022 age-standardized cardiovascular disease
mortality rate per 100,000 with quantile classification

Rheumatic heart disease 5,706,614 11,882 769.9 1.7 113.3

Ischemic heart disease 31,693,855 656,205 4,589.4 110.7 2,501.3

Ischemic stroke 9,373,197 325,362 1,358.5 63.4 1,239.7

Intracerebral hemorrhage 3,334,389 526,960 441.4 82.5 2,002.4

Subarachnoid hemorrhage 1,194,567 38,419 158.1 6.0 186.6

Hypertensive heart disease 1,017,714 132,805 168.1 22.9 458.5

Non-rheumatic calcific
aortic valve disease 157,395 1,425 25.6 0.3 5.1

Non-rheumatic
degenerative mitral valve
disease

513,144 635 84.3 0.1 3.7

Other non-rheumatic valve
diseases 271 62 <0.1 <0.1 0.2

Myocarditis 44,350 1,369 6.5 0.3 7.6

Alcoholic cardiomyopathy 3,649 333 0.5 <0.1 1.7

Other cardiomyopathy 163,221 14,967 26.4 2.7 62.7

Pulmonary arterial
hypertension 13,615 661 1.9 0.1 4.0

Atrial fibrillation and flutter 3,614,518 23,517 597.6 5.4 109.4

Aortic aneurysm Not estimated 7,031 Not estimated 1.3 23.3

Lower extremity peripheral
arterial disease 7,493,846 821 1,195.2 0.1 9.8

Endocarditis 37,970 7,559 6.1 1.2 35.5

Other cardiovascular and
circulatory diseases 2,746,132 8,101 410.2 1.3 60.1

Table 1. Regional cardiovascular disease in 2022: counts and age-standardized rates per 100,000.
Results, uncertainty intervals, and methods available online.

Figure 2. Regional cardiovascular disease mortality rate per 100,000 by
age and sex in 1990 vs. 2022

Figure 3. Age-standardized cardiovascular disease mortality rate per 100,000 by country (circle) in
2022 by socio-demographic index (0 100), a composite indicator of fertility, income, and
education. Focus region countries indicated by triangles, loess line in blue with shaded 95%
uncertainty interval.

Institute for Health Metrics and Evaluation - National Heart, Lung, and Blood Institute - American College of Cardiology Foundation
Global Burden of Cardiovascular Diseases and Risks Collaboration
Data from Global Burden of Disease Study, Institute for Health Metrics and Evaluation, University of Washington
www.healthdata.org/gbd

Age-standardized CVD mortality rates among
countries in Southeast Asia ranged from 123.2 to 406.2 per
100,000 in 2022; a 3.3 fold difference. CVD mortality
decreased by 16.9% from 1990 to 2022. Out of the 21 regions,
Southeast Asia was ranked 8th in 1990 and 6th in 2022 for
age-standardized CVD mortality. After ischemic heart disease
and all stroke subtypes, hypertensive heart disease had the
highest age-standardized DALYs in 2022 at 458.5 per
100,000. For all risks, high systolic blood pressure accounted
for the largest number of attributable age-standardized CVD
DALYs at 3,925.7 per 100,000.

23852385-2386

JACC VOL. 82, NO. 25, 2023
DECEMBER 19/26, 2023:XXX XXX

Cardiovascular Disease in Southeast Asia

FINDINGS FROM THE GLOBAL BURDEN OF DISEASE STUDY

Figure 1. Regional map of 2022 age-standardized cardiovascular disease
mortality rate per 100,000 with quantile classification

Cardiovascular Disease
Type

Prevalent Cases
(Count)

Deaths
(Count)

Prevalence
(Rate)

Deaths
(Rate)

Disability-Adjusted
Life Years
(DALYs, Rate)
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Intracerebral hemorrhage 3,334,389 526,960 441.4 82.5 2,002.4

Subarachnoid hemorrhage 1,194,567 38,419 158.1 6.0 186.6

Hypertensive heart disease 1,017,714 132,805 168.1 22.9 458.5

Non-rheumatic calcific
aortic valve disease 157,395 1,425 25.6 0.3 5.1

Non-rheumatic
degenerative mitral valve
disease

513,144 635 84.3 0.1 3.7

Other non-rheumatic valve
diseases 271 62 <0.1 <0.1 0.2

Myocarditis 44,350 1,369 6.5 0.3 7.6

Alcoholic cardiomyopathy 3,649 333 0.5 <0.1 1.7

Other cardiomyopathy 163,221 14,967 26.4 2.7 62.7

Pulmonary arterial
hypertension 13,615 661 1.9 0.1 4.0

Atrial fibrillation and flutter 3,614,518 23,517 597.6 5.4 109.4

Aortic aneurysm Not estimated 7,031 Not estimated 1.3 23.3

Lower extremity peripheral
arterial disease 7,493,846 821 1,195.2 0.1 9.8

Endocarditis 37,970 7,559 6.1 1.2 35.5

Other cardiovascular and
circulatory diseases 2,746,132 8,101 410.2 1.3 60.1

Table 1. Regional cardiovascular disease in 2022: counts and age-standardized rates per 100,000.
Results, uncertainty intervals, and methods available online.

Figure 2. Regional cardiovascular disease mortality rate per 100,000 by
age and sex in 1990 vs. 2022

Figure 3. Age-standardized cardiovascular disease mortality rate per 100,000 by country (circle) in
2022 by socio-demographic index (0 100), a composite indicator of fertility, income, and
education. Focus region countries indicated by triangles, loess line in blue with shaded 95%
uncertainty interval.
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Data from Global Burden of Disease Study, Institute for Health Metrics and Evaluation, University of Washington
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Age-standardized CVD mortality rates among
countries in Southeast Asia ranged from 123.2 to 406.2 per
100,000 in 2022; a 3.3 fold difference. CVD mortality
decreased by 16.9% from 1990 to 2022. Out of the 21 regions,
Southeast Asia was ranked 8th in 1990 and 6th in 2022 for
age-standardized CVD mortality. After ischemic heart disease
and all stroke subtypes, hypertensive heart disease had the
highest age-standardized DALYs in 2022 at 458.5 per
100,000. For all risks, high systolic blood pressure accounted
for the largest number of attributable age-standardized CVD
DALYs at 3,925.7 per 100,000.
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Figure 4. Age-standardized disability-adjusted life years (DALYs) per 100,000 in 2022 for (A) cardiovascular diseases by country and (B) burden attributable to selected risk
factors, for the region, compared to the theoretical minimum risk exposure level

Figure 5. Age-standardized mortality rate per 100,000 for cardiovascular diseases in 2022 by cause of death and country. Boxplot shows first quartile, median, and third quartile
of mortality range.

Institute for Health Metrics and Evaluation - National Heart, Lung, and Blood Institute - American College of Cardiology Foundation
Global Burden of Cardiovascular Diseases and Risks Collaboration
Data from Global Burden of Disease Study, Institute for Health Metrics and Evaluation, University of Washington
www.healthdata.org/gbd
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Figure 4. Age-standardized disability-adjusted life years (DALYs) per 100,000 in 2022 for (A) cardiovascular diseases by country and (B) burden attributable to selected risk
factors, for the region, compared to the theoretical minimum risk exposure level

Figure 5. Age-standardized mortality rate per 100,000 for cardiovascular diseases in 2022 by cause of death and country. Boxplot shows first quartile, median, and third quartile
of mortality range.

Institute for Health Metrics and Evaluation - National Heart, Lung, and Blood Institute - American College of Cardiology Foundation
Global Burden of Cardiovascular Diseases and Risks Collaboration
Data from Global Burden of Disease Study, Institute for Health Metrics and Evaluation, University of Washington
www.healthdata.org/gbd
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Figure 4. Age-standardized disability-adjusted life years (DALYs) per 100,000 in 2022 for (A) cardiovascular diseases by region and (B) burden attributable to selected risk
factors, globally, compared to the theoretical minimum risk exposure level

Figure 5. Age-standardized mortality rate per 100,000 for cardiovascular diseases in 2022 by cause of death and region. Boxplot shows first quartile, median, and third quartile
of mortality range.

Institute for Health Metrics and Evaluation - National Heart, Lung, and Blood Institute - American College of Cardiology Foundation
Global Burden of Cardiovascular Diseases and Risks Collaboration
Data from Global Burden of Disease Study, Institute for Health Metrics and Evaluation, University of Washington
www.healthdata.org/gbd
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Age-standardized disability-adjusted life years (DALYs) per 100,000 in 2022: 
Burden attributable to selected risk factors 

• Age-standardized CVD mortality rates among countries in Southeast Asia ranged from 123.2 
to 406.2 per 100,000 in 2022

• CVD mortality decreased by 16.9% from 1990 to 2022. Out of the 21 regions, Southeast 
Asia was ranked 8th in 1990 and 6th in 2022 for age-standardized CVD mortality. 

• After ischemic heart disease and all stroke subtypes, hypertensive heart disease had the 
highest age-standardized DALYs in 2022.

• For all risks, high systolic blood pressure accounted for the largest number of attributable 
age-standardized CVD DALYs at 3,925.7 per 100,000. 
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ตัวชี้วัด

81 ป% กรมการแพทย. ทำดีท่ีสุดเพื่อทุกชีวิต (Do our best for all)กรมการแพทย)
DEPARTMENT OF MEDICAL SERVICES

ตัวชี้วัดสาขาโรคหัวใจ (STEMI) ป:งบประมาณพ.ศ. 2566 - 2567

อัตราตายของผู +ป-วยโรคกล+ามเนื ้อหัวใจตายเฉียบพลันชนิด 
STEMI (< ร+อยละ 9)

2

1

ร+อยละของการให+การรักษาผู+ป-วย STEMI ได+ตามมาตรฐานเวลาท่ี
กำหนด (≥ ร+อยละ 60)

2.1

2.2

ร+อยละของผู +ป -วย STEMI ที ่ได +ร ับยาละลายลิ ่มเลือดได+ตาม
มาตรฐานเวลาท่ีกำหนด (≥ ร+อยละ 60)

ร+อยละของผู+ป-วย STEMI ที่ได+รับการทำ Primary PCI ได+ตาม
มาตรฐานเวลาท่ีกำหนด (≥ ร+อยละ 60) Time from ECG Diagnosis to PPCI ≤ 120 minutes (≥ 60%)

Time from ECG Diagnosis to fibrinolysis ≤ 30 minutes (≥ 60%)

การพฒันาระบบฐานข้อมูล ACS

โครงการวกิฤตโรคหวัใจ ปลอดภยัทัDวไทย

(Save Thais from Heart Diseases) (2560)

Thai ACS registry Service plan portal

โครงการวกิฤตโรคหวัใจ ปลอดภยัทัDวไทย

(Save Thais from Heart Attack) (2557)

UCHA

โครงการ “^_,___ ดวงใจปลอดภยั ด้วยพระบารมี” (2555-2556)

UCHA

Thai ACS registry

ปรับเปลีDยนโปรแกรมให้มีความ
ทนัสมัยและได้รับการคัดเลือก

จากคณะกรรมการ Service plan 
สาขาโรคหวัใจเพืDอใช้เป็น
โปรแกรมหลักของประเทศ

• ข้อมูลระบบ UCHA  server อยู่ที NECTEC
• ระบบการลงข้อมูล ค่าตอบแทน การอบรม

• การเชือมต่อข้อมูลอืนๆทีเกียวข้อง 

• นพ.สิทธิลักษณ์ วงษวั์นทนีย ์ (service plan)

• นายชัยวุฒิ  สีทา (NECTEC)
• นพ.วิรัช เคหะสุขเจริญ, นพ.เอนก กนกศิลป์ (CCIT)

การพัฒนาการบริหารข้อมูล ACS (17กค.58) 
ประชุม 3 องคก์ร (NECTEC ,Service Planหวัใจ , สถาบนัโรคทรวงอก)

พัฒนาเพือให้

-ใช้ได้ง่ายขึน

-ใช้ประโยชน์ได้มากขึน

-เชือมต่อกับระบบอืนๆ

MOU
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Mortality Trends After Primary Percutaneous Coronary Intervention for ST-
Segment Elevation Myocardial Infarction in western Denmark

• In a high-income European country 
with a fully implemented pPCI 
strategy, 1-year mortality in pPCI-
treated patients with STEMI 
decreased substantially between 
2003 and 2018. 

• Approximately three-quarters of the 
absolute mortality reduction occurred 
within the first 30 days after pPCI. 

• These results indicate that 
optimization of early management of 
pPCI-treated patients with STEMI 
offers great opportunities for 
improving overall survival in 
contemporary clinical practice.
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..treated with a P-I strategy. Patients with delayed or late pPCI were
more likely to have hypertension, diabetes, and previous cardiovascu-
lar diseases, while patients treated with a P-I strategy were more like-
ly to smoke. We found only minor differences in clinical
characteristics between patients treated with timely pPCI and
patients treated with a P-I strategy. In the P-I strategy group, the me-
dian delay from prehospital diagnostic ECG to fibrinolytic therapy
was 33 (25th–75th percentile 20–53) min, and the median delay from
fibrinolytic therapy to coronary angiography was 255 (25th–75th
percentile 145–833) min.

In-hospital complications
The rate of in-hospital complications is shown in Table 2.

Outcomes
After a median follow-up time of 944 days (25th–75th percentile
396–1583), 1328 (11%) patients had died. Both the crude and the
adjusted risk of all-cause mortality was higher in the delayed and late
pPCI groups compared to the P-I strategy group (Table 3, Figure 2).
For the composite endpoint death, non-fatal stroke or non-fatal MI,
the patients were followed for a median time of 913 days (25th–75th
percentile 335–1522). Event-free survival was higher in patients
treated with a P-I strategy compared to patients treated with delayed
and late pPCI (Table 3, Figure 2).

A total of 1276 (55%) patients in the P-I strategy group
received fibrinolytic therapy within 120 min from onset of symp-
toms. Event-free survival did not differ from fibrinolytic therapy
after 120 min from onset of symptoms (adjusted HR 1.0, 95% CI
0.8–1.3).

The proportional hazard assumption was fulfilled for all analyses.

Propensity score-matched cohorts
After the PS matching, 4676 patients were included in the timely
pPCI—P-I strategy cohort, 2870 in the delayed pPCI—P-I strategy
cohort, and 1938 in the late pPCI—P-I strategy cohort. Baseline char-
acteristics of the three PS-matched cohorts were balanced with SMD
below 0.1 in the delayed pPCI—P-I strategy cohort and the late

pPCI—P-I strategy cohort. In the timely pPCI—P-I strategy cohort,
the SMD was between 0.1 and 0.2 for male, previous MI, diabetes
and smoking, but still acceptable (Supplementary material online,
Table S2).

The rate of in-hospital complications in the PS matched cohorts is
shown in Supplementary material online, Table S3. Major in-hospital
bleeding was more frequent in the P-I strategy group compared to
timely and delayed pPCI.

Using the P-I strategy as the reference group in all three cohorts,
the HR and 95% CI for death were 1.2 (1.0–1.4) for timely pPCI, 1.3
(1.1–1.6) for delayed pPCI, and 1.6 (1.2–2.0) for late pPCI. For the
composite of all-cause death, MI, or stroke, the HR for timely pPCI
was 1.1 (0.9–1.3), for delayed pPCI 1.2 (1.0–1.4), and for late pPCI 1.4
(1.1–1.7) (Figures 3 and 4).

Discussion

In this nationwide study including all patients with STEMI admitted to
hospitals in Norway from 2013 to 2019, 68% of the patients under-
went pPCI, while 11% of patients were treated with a P-I strategy. As
many as 18% of the patients with STEMI were not offered any reper-
fusion therapy at all. Only 61% of the patients treated with a pPCI
strategy underwent pPCI within recommended timelines. In patients
who did not have pPCI performed within 120 min, a P-I strategy was
associated with better survival compared to delayed or late pPCI.
However, major bleeding was more frequent in patients treated with
P-I strategy compared to pPCI.

Early restoration of coronary blood flow is essential to optimize
myocardial salvage and to reduce mortality in patients with MI.19 The
ESC guidelines recommend early reperfusion with pPCI or a P-I strat-
egy for all patients with STEMI.3 Nonetheless, this study showed that
many patients in Norway were not offered reperfusion treatment.
High age, comorbidities (e.g. high proportion smokers) and prehospi-
tal cardiac arrest and/or cardiogenic shock in some patients with
STEMI, and consequently greater risk of complications to the treat-
ment, may partly explain the finding. Geographical differences have
previously been demonstrated in the treatment of MI in Norway, and

....................................................................................................................................................................................................................

Table 2 In-hospital complications in patients with ST-elevation myocardial infarction receiving timely, delayed, and
late pPCI compared to P-I strategy, Norway 2013-2019

Timely pPCI
(!120 min)

Delayed pPCI
(121–180 min)

Late pPCI
(>180 min)

P-I strategy

n 5 7238 n 5 1537 n 5 1012 n 5 2338

n n n n

Recurrent myocardial infarction, n (%) 74 (1.0) 16 (1.0) 5 (0.5) 11 (0.9)

Stroke, n (%) 10 (0.1) 6 (0.4) 4 (0.4) 18 (0.8)

Major bleeding, n (%) 78 (1.1) 21 (1.4) 12 (1.2) 57 (2.4)

Atrial fibrillation (new), n (%) 233 (3.2) 68 (4.4) 44 (4.4) 83 (3.6)

Ventricular tachycardia/fibrillation, n (%) 408 (5.6) 89 (5.8) 60 (5.9) 99 (4.2)

Cardiogenic shock, n (%) 280 (3.9) 99 (6.4) 66 (6.5) 129 (5.5)

In-hospital death, n (%) 239 (3.3) 99 (6.4) 68 (6.7) 93 (4.0)

P-I strategy, pharmaco-invasive strategy; pPCI, primary percutaneous coronary intervention.
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Aims Primary percutaneous coronary intervention (pPCI) is the preferred reperfusion strategy in patients with ST-
segment elevation myocardial infarction (STEMI) provided it can be performed within 120 min from diagnosis.
However, it is unclear whether pPCI or a pharmaco-invasive (P-I) strategy is the best choice in patients who cannot
receive timely pPCI. The aim of the present study was to compare outcomes after delayed and late pPCI vs. a P-I
strategy in STEMI patients who did not receive timely pPCI.

...................................................................................................................................................................................................
Methods
and results

All patients with STEMI registered in the Norwegian Myocardial Infarction Registry (NORMI) between 2013 and 2019,
with <_12 h from symptom onset to first medical contact and available timelines were included in the study. The pri-
mary outcome was all-cause mortality, and follow-up was through 2019. A total of 21 121 (27% of 78 368) STEMI
patients were registered in the NORMI. Among patients who met the inclusion criteria, 7238 (54%) patients under-
went timely pPCI, 1537 (11%) delayed pPCI (121–180 min), 1012 (7%) late pPCI (>180 min), and 2338 (17%) patients
were treated with a P-I strategy. After a median follow-up time of 2.5 years, mortality was higher in the delayed pPCI
[adjusted hazard ratio (HR) 1.3, 95% confidence interval (CI) 1.0–1.5] and in the late pPCI group (adjusted HR 1.4,
95% CI 1.1–1.7) compared to the P-I strategy group, but bleeding complications were more frequent after P-I strategy.

...................................................................................................................................................................................................
Conclusions In STEMI patients who did not receive timely percutaneous coronary intervention, a P-I strategy seemed to be

associated with better long-term survival compared to delayed/late pPCI.
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
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Introduction

About one out of four myocardial infarctions (MI) is classified as ST-
segment elevation myocardial infarction (STEMI).1 The outcome of
patients with STEMI is influenced by several factors, including treatment
strategy and delay to treatment. The European Society of Cardiology
(ESC) recommend primary percutaneous coronary intervention
(pPCI) as the preferred reperfusion strategy in STEMI, provided it can
be performed in a timely manner.2,3 Timely pPCI has been shown to

be superior to fibrinolysis in reducing mortality, re-infarction, and
stroke.4–7 A pharmaco-invasive (P-I) strategy is recommend if a pPCI
strategy cannot be performed within 120 min from STEMI diagnosis
and there are no contraindications.3 A P-I strategy implies fibrinolysis
followed by rescue percutaneous coronary intervention (PCI) in case
of failed fibrinolysis or routine early PCI strategy (coronary angiography
and PCI of infarct-related artery if indicated) in case of successful fibrin-
olysis.3 The Comparison of primary Angioplasty and Pre-hospital fibrin-
olysis In acute Myocardial infarction (CAPTIM) and the Strategic

* Corresponding author. Tel: þ47 37 07 57 43, Email: jarle.jortveit@sshf.no
VC The Author(s) 2021. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

ORIGINAL ARTICLE
doi:10.1093/ehjcvp/pvab041 Acute Coronary Syndromes
European Heart Journal - Cardiovascular Pharmacotherapy (2022) , 442–4518

; online publish-ahead-of-print May 202126    

Downloaded from
 https://academ

ic.oup.com
/ehjcvp/article/8/5/442/6284963 by guest on 27 January 2024

European Heart Journal - Cardiovascular Pharmacotherapy (2022) 8, 442–451 

All patients with STEMI registered in the Norwegian 
Myocardial Infarction Registry (NORMI) between 2013 
and 2019:

- 7,238 patients with timely pPCI ( ≤120 min)
- 1,537 patients with delayed pPCI (121-180min)
- 1,012 patients with late pPCI (>180 min)
- 2,338 patients with phamaco-invasive strategy 
(Fibrinolysis followed by CAG and PCI of infarct-related artery )



In STEMI patients who did not receive timely PCI, a Pharmaco-invasive strategy 
(P-I)seemed to be associated with better long-term survival compared to 
delayed/late pPCI.
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.. more patients with MI were invasively assessed if they were
admitted to hospitals with easy access to PCI facilities.20,21 In this
study, we did not investigate whether there were geographical
differences.

Achieving timely performance of pPCI is often more difficult than
expected, and a large proportion of patients with STEMI in Norway
were not offered reperfusion therapy within guideline-recommended
time frames. Similar findings have been reported from other
European countries.22–24 Potential causes are prehospital transporta-
tion delay, in-hospital delay at PCI-centres, or lack of fibrinolytic
agents in the emergency medical services. Since in-hospital delay was
short, and fibrinolytic agents available in most ambulances in the rural
areas, transportation delay was the most probable reason for the
treatment delay in our study population. Consequently, a P-I ap-
proach might have been a better option in many patients according
to current guidelines.3

The STREAM trial showed effective reperfusion with prehospital
fibrinolysis followed by timely coronary angiography in patients with
STEMI who could not undergo primary PCI within 1 h after FMC, but
no difference in survival between the P-I strategy and delayed pPCI
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Figure 2 Adjusteda survival and event-free survival in patients
with ST-elevation myocardial infarction receiving timely, delayed,
and late pPCI compared to P-I strategy, Norway 2013–2019.
aGender, age, smoking, previous stroke, previous myocardial infarc-
tion, history of heart failure, diabetes, antihypertensive treatment,
renal failure (estimated glomerular filtration rate < 60 mL/min), and
out-of-hospital cardiac arrest.
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groups.9 From the French registry of Acute ST-elevation and non-
ST-elevation Myocardial Infarction (FAST-MI), Danchin et al.25 re-
cently reported better long-term survival in patients treated with
P-I therapy compared to delayed pPCI. The results of our study
are in accordance with the findings from France, supporting a P-I
strategy as an alternative strategy in patients who cannot receive
timely pPCI.

Patients treated with P-I therapy were more likely to have a major
bleeding complication during hospitalization compared to patients
treated with pPCI. The increased risk of bleeding, especially intracra-
nial bleeding, associated with fibrinolytic therapy is well known.5,26

The location of the bleeding is unfortunately not specified in NORMI.
The additional risk of bleeding may be reduced by the dose reduction
of tenecteplase for patients over 75 years as recommended in the re-
cent ESC guidelines.3

The main strengths of this study are the large and unselected
population comprising nearly all patients hospitalized with STEMI
in Norway from 2013 to 2019 and a nearly complete follow-up.
However, there are several important limitations associated with
the study design and the NORMI. The study was an observational
study, making it difficult to demonstrate causal associations be-
tween treatment and outcomes. Only STEMIs that led to hospital-
ization were registered in the NORMI. A few hospitals did not
deliver complete data for the whole period, but the coverage com-
pared with the Norwegian Patient Register was >90%.1

Information about time delay from symptom onset to FMC was
missing in a proportion of patients. Furthermore, in 3566 patients
(17%), more than 12 h had passed from symptom onset to FMC. In
accordance with the exclusion criteria, these patients were

excluded. This may however represent a potential selection bias
since the excluded patients were older and had more comorbidity.
We only obtained deidentified data from the NORMI and the
Norwegian Patient Registry and could not verify the information
through medical records at the individual patient level.
Consequently, we have only been able to adjust for a limited num-
ber of covariates. Nevertheless, the degree of completeness and
correctness of most variables in the NORMI have been shown to
be high.27 However, unmeasured confounders still exist. NORMI
used balloon time as reperfusion time for pPCI, despite ESC guide-
lines recommending use of wire passage time. We did not have the
opportunity to correct for this. Parts of Norway have very scat-
tered settlements with long distances to invasive hospitals.
Generalization of the findings to other countries must therefore
be done with great caution.

In conclusion, many patients still received reperfusion therapy later
than the guideline-recommended timelines. Efforts should be made
to reduce the time delay. In patients with long transfer distances to
pPCI, this study has shown that a P-I strategy may be associated with
improved outcomes compared to delayed/late pPCI. In accordance
with current guidelines,3 a P-I strategy should be considered as an al-
ternative reperfusion strategy in patients with long transfer distances
to pPCI.

Supplementary material

Supplementary material is available at European Heart Journal –
Cardiovascular Pharmacotherapy online.

Figure 3 Outcomes in propensity score-matched patient cohorts with ST-elevation myocardial infarction receiving timely, delayed, and late
pPCI compared to P-I strategy, Norway 2013–2019. P-I strategy: pharmaco-invasive strategy; pPCI, primary percutaneous coronary intervention
(delayed: 121–180 min, late: >180 min).
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Outcomes in propensity score-matched patient cohorts with STEMI receiving timely, delayed, and late 
pPCI compared to P-I strategy, Norway 2013–2019 

Adjusted event-free survival in patients with STEMI receiving timely, delayed, 
and late pPCI compared to P-I strategy
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Pre-discharge checklist

 PCI clinic 
 Cardio-clinic 
 Telehealth

Follow-up

 Warning symptom 
When to seek emergency 

care 
 Medication education 
Avoid NSAIDs 
Risk factor modification 
 Nutrition counseling 
 Physical exercise education 
Smoke cessation 
Annual influenza vaccine

Patient education

 Cardiac rehabilitation

Rehabilitation ASA  
 P2Y12 inhibitors (clopidogrel, 

ticagrelor, prasugrel) 
 High potency statin (atorvastatin 

40-80 mg, rosuvastatin 20-40 mg) 
 BB 

      - If EF< 40% (Class I) 
      - If no contraindication (Class IIa) 

 ACEi/ARB 
      - If EF< 40% (Class I) 
      - If no contraindication (Class IIa) 

 MRA 
      - If EF< 40% (Class I) 

 Medication for control CVD risk 
factors
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§ Screening and 
control CVD risk 
factors

§ NCD clinic
§ Health literacy: 

patient alert/ 
awareness, access to 
medical care 
(EMS/1669)

§ BLS and AED training

In-hospital care

§ STEMI Fast Tract (Fibrinolysis/PPCI/Pharmaco-invasive)
§ Consultation and referral system
§ Clinical practice guideline of ACS management
§ PPCI 27/7 in every health service area
§ Health workforce planning of medical personnel: Cardiologist, 

interventionist, CVT surgeon,  nurse, technician, etc
§ ACLS training

Post-hospital care

§ Lifestyle 
modification

§ Cardiac 
rehabilitation

§ Intensive 
follow up

Patient Primary hospital Secondary hospital Tertiary hospital
Pre-hospital care

Acute coronary syndrome conceptual framework

Long-term treatment

Control CVD risk factors

Data management (National registry)


