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Improving STEMI outcomes 

Treating faster 

Treating better 



Andersen HR, N Engl J Med 2003; 349 



 DANAMI-2 DENMARK 

 

5.5 mill. inhabitants 

 

5 PCI centers 

 

24 referral hospitals 

 

62% of Danish  

population 

 

Transport distance 

up to 95 US miles  

(median 31 miles) 

 

 

 

 100 US miles 



Combined  End Point, Longterm Followup 

1,129 Patients from Referral Hospitals 

Fibrinolysis PCI 

C
u
m

u
la

ti
v
e

 E
v
e
n
t 

R
a
te

 (
%

) 

0 

10 

20 

30 

Years 

0 1 2 3 4 

P=0.0034 

Combined end point: Death or reinfarction or stroke 

Andersen et al. NEJM 2003 



Nielsen, P. H. et al. Circulation 2010;121:1484-1491 

Long-term clinical outcome in the DANAMI-2 study 



Improving STEMI outcomes 

Treating faster 



Home Cath. lab. 

Local hospital 

/ER 



Delay in pPCI 



Reducing delay in pPCI - Final goal 
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Stepwise approach – alerting hospitals by 

telecardiology 
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Telecardiology 
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The County of Aarhus: 

Reduced delay 
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Rendez-vous 

Current strategy 
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Median 168 Median 127 Median 87 

Triage to cath. lab. 

Terkelsen et al. 

Eur Heart J 2006 



Impact on mortality 

Sørensen et al. 2010 Submitted 



Summary  

• Prehospital diagnosis of STEMI 
     Telemedicine 

 

 

• Direct transportation of Patients to primary PCI  
 Bypassing local non-invasive hospitals  

 Bypassing CCU and ER at the PCI-centre. 

 

 

• PCI centre organisation 
 24-7 service, short activation time of card. lab. personel 

 (door-to-balloon-time <30 min.) 

 

 

• Reduces mortality 



 Heart failure 
hospitalizations after 
AMI (per 100-patient 
years) 

 One-year mortality for 
heart failure 
hospitalization after 
AMI (%) 

Chen et al. National Trends in Heart Failure Hospitalization After Acute Myocardial Infarction for Medicare 
Beneficiaries. Circulation 2013; 128:2577-2584 
 



Mortality from MI 

Schmidt et al  BMJ. 2012;344:e356. doi: 10.1136/bmj.e356 

Standardised 30-day and 31-365-day mortality after first-time 

hospitalisation for MI between 1984 and 2008. 



Trends in heart failure in DK 

Schmidt et al. Eur J Heart Failure 2016 

Incidence Mortality 



Improving STEMI outcomes 

Treating better 



Experimental Theory  
Myocardial infarction 

without reperfusion 

 

 

 

 

Myocardial infarction 

with reperfusion 

 

 

Myocardial infarction 

with reperfusion and 

cardioprotection 

 
Murry et al, Circulation, 1986 

Yellon and Hausenloy, NEJM, 2007 



Remote Preconditioning 

Four cycles of 5 minutes of upper limb ischemia 

induced by blood pressure cuff inflation (200 mm Hg) 

Kharbanda R et al. Circulation 2002;106:2881-3 



 Modified 

reperfusion 

 

Ischemia 
Less tissue 

death 

rIPC 

Remote Perconditioning Hypothesis 

 

Perconditioning 

  
Schmidt et al, Am J Physiol, 2007; 292:H1883-90  

(rIPerC) 

 

Ischemia 

 

Reperfusion Tissue death 





Clinical study (CONDI) 

 

• AIM: 
– To determine whether RIC in the ambulance 

during transfer to primary PCI reduces 

myocardial reperfusion injury and infarct size in 

patients with first STEMI 



Referral area  

 

 

 

 

155 km 

1.2 mill. inhabitants 

 

600 STEMI per year 

15% STEMI patients with first  

admission at the invasive center 

85% STEMI patients are 

transferred for for primary PCI 

Maximum transport distance: 

150-160 km (100 miles) 



Patient Recruitment and Randomization 

Ambulance Patient 

ECG 

Randomization 



Inclusion Criteria 

• Symptoms lasting > 30 minutes and 

< 12 hours 

• ST-segment elevation ≥ 0.1 mV in 2 

contiguous leads 

• Age ≥ 18 years 

• Informed consent 



Exclusion Criteria 

• Previous myocardial infarction 

• Left bundle-branch block  

• Previous coronary-artery bypass surgery  

• Patient treated with cooling,  mechanical 
ventilation or patients who have had cardiac 
arrest 

• Severe heart failure requiring intra-aortic 
balloon pump 

• Patients with A-V-shunts (hemodialysis) 



Primary Endpoint: 

Myocardial Salvage Index 

Acute scan: 

Area-at-risk 

(AAR) 

Salvage index = 

(AAR-FIS)/AAR 

One month scan: 

Final infarct size 

(FIS) 



Pre-hospital 

randomization  

n=333  

PCI only 

(n=167) 

rIPerC 

(n=166)  22 did not meet  

inclusion criteria 
PCI only 

(n=145) 

rIPerC 

(n=147)  

19 did not meet  

inclusion criteria 

110 final infarct size 

69 with salvage index 

20 previous MI 

PCI only 

(n=125) 

rIPerC 

(n=126)  

21 previous MI 

109 final infarct size 

73 with salvage index 

 

3 dead 

11 consent withdrawn 

1 CABG 

 

3 dead 

 11 consent withdrawn 

3 CABG 

 



Clinical Characteristics 

PCI only 

(n=125) 

rIPerC 

(n=126) 

P 

Value 

Age, year (mean) 6212 6312 0.71 

Male sex (%) 75 77 0.71 

Diabetes Mellitus (%) 9 9 0.97 

Current smoker (%) 57 56 0.67 

Hypertension (%) 31 39 0.01 

Statin Tx (%) 20 16 0.47 

Symptom to balloon time, 

min (median [IQR]) 

185 

[134; 309] 

188 

[132; 302] 

0.98 
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PCI only rIPerC 

0.55 

0.75 

PCI only 

rIPerC 

Bøtker et al. 

Lancet 2010;373:727-34 



Relation Between AAR and FIS 
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Remote ischemic perconditioning - 

STEMI 

Remote perconditioning during ambulance 
transport in patients with STEMI before pPCI 
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Figure 6: Effect of RIperC on infarct size
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Figure 6: Effect of RIperC on infarct size

Clinical 

Schmidt MR et al. Am J Physiol Heart Circ 

Physiol 2007;292:H1883-90.  
Bøtker et al. Lancet 2010; 373: 727-34 

PCI only rIPerC S
a

lv
a

g
e

 I
n

d
e

x
 (

m
e

d
ia

n
 [
IQ

R
])

 

0.55 

0.75 

p=0.033 

Experimental 



Long-term clinical effect 

Cummulative occurrence of MACE 

p=0.034 

Sloth et al. Eur Heart J. 2014 Jan;35(3):168-75 



Long-term effect of RIC 

Sloth et al. Eur Heart J. 2014 Jan;35(3):168-75 



Cost-effectiveness 

CONDI 2, Aarhus Universitets 

Hospital 



RIC in STEMI 



• Remote ischemic conditioning during 
evolving ST-elevation myocardial infarction is 
feasible, increases myocardial salvage and 
infarct size in large infarcts with primary PCI  

 

• This simple and safe intervention has the 
potential to reduce mortality and morbidity in 
STEMI patients and merits a larger trial 

powered to detect these clinical endpoints  

 

Conclusions 



CONDI 2 – ERIC-PPCI 

• Remote ischemic conditioning in STEMI 

• Clinical outcomes 

• >5000 patients 

• Inclusion complete early 2018 

• Final 2019 
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