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What is the advice of Editorial

• “We may be forced to accept that the same procedural MI 

definition cannot be fit to both procedures.

• Determining that threshold remains a topic of debate.

• If we cannot find definitions that fit these purposes, then 

perhaps it is time to remove procedural MI from primary 

composite endpoints.”



• PMI as a “dated event” has been integrated as a critical item in 
composite endpoints.

• Its definitions encompass a variety of combined or isolated 
phenomena, such as enzyme elevation, permanent ECG change, 
anatomic occlusion of vessels, and loss of viable myocardium. 

• Conversely, the clinical relevance of a PMI should be defined as 
a PMI leading to death, re-intervention, or hospitalization for heart 
failure. 

• Isolated enzymatic “PMI events” are frequently incorporated 
into time to event composite endpoints to satisfy trial designers in 
search of a powered sample size, but they may artificially 
influence the interpretation of the real benefit of a novel treatment.

Rationales for using PMI as events in trials



Definitions
Time after 
procedure PCI arm CABG arm

SYNTAX in the first 48 
hours

("CK-MB≥5x ULN" and "ECG criteria: new Q waves in ≥2 leads"

4th UDMI <48 hours (I) "CK-MB>5x 99th percentile ULN" and 
"Additional criteria: (i) new ischemic ECG 
changes or new Q-waves, (ii) angiographic 
findings or (iii) imaging evidence"

(I) "CK-MB>10x 99th percentile ULN" and 
"Additional criteria: (i) new Q-waves, (ii) 
angiographic findings or (iii) imaging evidence"

ISCHEMIA <48 hours (I) "CK-MB>5x ULN" and "Additional criteria: (i) 
ST segment elevation or depression, new Q-
waves, or new persistent LBBB, or (ii) 
angiographic findings"
OR
(II) "CK-MB>10x ULN"

(I) "CK-MB>10x ULN" and "Additional criteria: (i) 
new Q-waves or new persistent LBBB, or (ii) 
imaging evidence of new substantial wall motion 
abnormality"
OR
(II) "CK-MB>15x ULN"

SCAI <48 hours (I) "CK-MB≥5x ULN" and "ECG criteria: new Q-waves or new persistent LBBB"
OR
(II) "CK-MB≥10x ULN" 

EXCEL <72 hours
Evaluated in the 
first 48 hours in 
the present study

(I) "CK-MB>5x ULN" and "Additional criteria: (i) new Q-waves or new persistent LBBB, (ii) 
angiographic findings or (iii) imaging evidence"
OR
(II) "CK-MB>10x ULN"

Five PMI definitions applied to the SYNTAX trial (Only CK-MB was available)

No additional evidence 
of infarction

Different thresholds for 
PCI and CABG

Which definition should we use?



PMI rates according to definitions in the SYNTAX trial 
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MACCE rates according to PMI definitions in the SYNTAX trial 
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PMI non-PMI

(n= 180) (n= 1472)

At 1 year 0.026

　PCI arm 26.5 (13/49) 2.9 (23/808) 10.92 (5.53-21.58) < 0.001 17.63 (6.02-51.61) < 0.001

　CABG arm 4.6 (6/131) 3.0 (20/664) 1.52 (0.61-3.79) 0.368 2.95 (0.76-11.48) 0.119

At 10 years < 0.001

　PCI arm 54.1 (26/49) 26.5 (206/808) 2.95 (1.96-4.44) < 0.001 3.21 (1.86-5.53) < 0.001

　CABG arm 22.6 (29/131) 24.2 (155/664) 0.92 (0.62-1.37) 0.697 0.78 (0.44-1.38) 0.392

p-value for 

interaction
Unadjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value

PMI non-PMI

(n= 121) (n= 1531)

At 1 year 0.150

　PCI arm 25.5 (13/51) 2.9 (23/806) 10.39 (5.26-20.52) < 0.001 16.74 (5.76-48.70) < 0.001

　CABG arm 7.1 (5/70) 2.9 (21/725) 2.49 (0.94-6.60) 0.067 4.33 (1.06-17.70) 0.042

At 10 years 0.002

　PCI arm 51.9 (26/51) 26.5 (206/806) 2.75 (1.83-4.14) < 0.001 2.85 (1.66-4.88) < 0.001

　CABG arm 23.4 (16/70) 23.9 (168/725) 0.99 (0.59-1.65) 0.969 0.62 (0.29-1.33) 0.218

p-value for 

interaction
Unadjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value
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PMI non-PMI

(n= 42) (n= 1610)

At 1 year 0.280

　PCI arm 39.1 (9/23) 3.2 (27/834) 15.38 (7.22-32.75) < 0.001 22.57 (6.71-75.91) < 0.001

　CABG arm 21.1 (4/19) 2.8 (22/776) 7.82 (2.69-22.68) < 0.001 17.15 (1.94-151.88) 0.011

At 10 years 0.117

　PCI arm 60.9 (14/23) 27.1 (218/834) 3.39 (1.97-5.81) < 0.001 7.01 (3.23-15.17) < 0.001

　CABG arm 43.6 (8/19) 23.4 (176/776) 2.10 (1.03-4.27) 0.04 2.31 (0.96-5.56) 0.062

p-value for 

interaction
Unadjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value

PMI non-PMI

(n= 43) (n= 1609)

At 1 year 0.393

　PCI arm 34.6 (9/26) 3.3 (27/831) 13.10 (6.16-27.89) < 0.001 19.33 (6.04-61.80) < 0.001

　CABG arm 23.5 (4/17) 2.8 (22/778) 8.83 (3.04-25.64) < 0.001 17.38 (1.96-153.99) 0.010

At 10 years 0.333

　PCI arm 53.9 (14/26) 27.2 (218/831) 2.74 (1.60-4.71) < 0.001 4.63 (2.25-9.53) < 0.001

　CABG arm 42.7 (7/17) 23.5 (177/778) 2.13 (1.00-4.53) 0.050 2.35 (0.91-6.06) 0.077

p-value for 

interaction
Unadjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value
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Impact of PMI on all-cause mortality in SYNTAX : Which definition is clinically relevant ? 

H Hara, PW Serruys et al. J Am Coll Cardiol. 2020 Oct 6;76(14):1622-1639.



cTn is preferred

CK-MB 
is preferred

PMI definitions applied to the EXCEL trial 

No additional evidence

Additional evidence is mandatory



Peak Post-Procedural CK-MB and Troponin Levels in the EXCEL trial

Correlation between CK-MB 
and cTn is moderate.



Gregson, J. et al. J Am Coll Cardiol. 2020;76(14):1609–21.

PMI rates according to definitions (UDMI vs Excel) 
and impact of PMI on CV death in the EXCEL trial 



JAMA. 2011 Feb 9;305(6):585-91.

30 Days mortality in CABG patients
18908 patients from 7 studies

CK-MB >5x

cTn >40x

CK-MB
cTn

CK-MB could be recommended as 
a cardiac enzyme for PMI in CABG, 
compared to cTn.

What thinks the surgeon?Which enzyme should we use?



cTn
9801 patients treated with PCI

Isolated cTn elevation of ≥5 
x URL is associated with 1-
year mortality and could be 
used to detect ‘major’ 
procedural myocardial injury 
in the absence of procedural 
complications or evidence of 
new myocardial ischaemia.

What thinks the 
interventional 
cardiologist?



Conclusion (1/2):

1. Current chaos exists;

2. Based on survey, CKMB is progressively leaving the scene ( use in hospitals) 

replaced by troponin - cTn (including high-sensitive cTn);

3. One school : MI is not an” isolated release of enzymes” but has to be 

accompanied by a permanent irreversible “sign” (e.g. new Q-wave, wall motion 

abnormality, loss of viable myocardium,vessel occlusion) and myocardial injury 

is not synonymous of myocardial infarction that has a different 

physiopathological mechanism after CABG and PCI and different clinical 

reference. 

4. The other school : Isolated cTn elevation of ≥5 x URL is associated with 1-year 

mortality and could be used to detect ‘major’ procedural myocardial injury 



Conclusion (2/2):

5. The TIMI group will review the PMI of the SYNTAX, PreCOMBAT, 

EXCEL and Noble studies under the leadership of Eugene Brauwald

6. The Academic Research Consortium will try to redefine the definition 

of PMI; 

7. Ultimately, we could eliminate the item PMI from the equation 

(composite endpoint), since a clinically relevant MI is ultimately  

translated in  early or late death or heart failure;

8. For our patients a long enjoyable life is their personal prospect. For 

us, trialists, it has a name : Quality-Adjusted Life-Year (QALY)


