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“Despite major therapeutic advances in ST-elevation acute myocardial infarction 
treatment, adjunctive therapies to reduce reperfusion injury and, ultimately, infarct 

size are scant in humans.”
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IS reduction. To this regard, it is well known that 
single-proton emission computed tomography is 
a relatively gross measurement of IS compared 
with cardiac magnetic resonance (CMR), which 
has proven to be superior to single-proton emis-
sion computed tomography with regard to detec-
tion and quantification of myocardial infarction. 
Moreover, all of these earlier experiences did not 
stratify the randomization for STEMI location 
nor related IS to the myocardial area at risk. 
These adjustments, although not definitive, 
might be important to reduce bias, in particular 
when studying a small population.

More recently, five randomized trials assess-
ing the impact of PostC on IS, as assessed by 
CMR, were published [14–19]. Among them, in 
the study by Lønborg et al., the absolute IS by 
CMR (3 months post-STEMI, manual delinea-
tion; study primary end point) did not differ 
significantly between groups and the potential 
benefit in IS reduction was inferred only after 
use of the infarct endocardial surface area to 
estimate the myocardial area at risk, in order to 
estimate myocardial salvage [14]. Although the 
authors found a good correlation between this 
parameter and CMR edema imaging, these data 
remain unpublished. In 2010, Sörensson et al. 
did not find significant differences between 
control and PostC groups in IS by CMR per-
formed 6–9 days after index STEMI [15]. In 
this case, IS was quantified by an automatic 
CMR algorithm and related to the myocardial 
area at risk determined by left ventriculo graphy. 
Freixa et al. found that PostC, during percuta-
neous coronary intervention, did not reduce IS 
at both early and late follow-up and it might 
also have a potential harmful effect [17]. In the 
POST-AMI randomized trial (stratified for 
STEMI location), we evaluated the effect of 
PostC on IS in STEMI patients treating all 

ST-elevation acute myocardial infarction 
(STEMI) continues to represent a major cause 
of mortality and morbidity worldwide [1] and 
infarct size (IS) is a major determinant of prog-
nosis in these patients [2]. Although rapid reper-
fusion is the mainstay definitive treatment for 
ischemic myocardium, it may exacerbate the 
ischemia-related injury (i.e., reperfusion injury) 
counteracting the benefit of early reperfusion [3]. 
Despite major therapeutic advances in STEMI 
treatment, adjunctive therapies to reduce reper-
fusion injury and, ultimately, IS are scant in 
humans [3]. In 1986, Murry et al. first reported 
the IS-limiting effect of ischemic precondition-
ing in a landmark study [4]. In 2003, Zhao et al. 
demonstrated in a dog model that repetitive brief 
ischemic episodes applied immediately at the 
onset of reperfusion after a prolonged ischemic 
insult also can afford cardioprotection, reducing 
IS and preserving endothelial function similarly 
to conventional preconditioning, and termed 
this phenomenon ischemic postconditioning 
(PostC) [5]. Unlike preconditioning, the experi-
mental design of PostC allows direct application 
to clinical settings, especially during primary 
percutaneous coronary interventions. Inflation 
and deflation of the balloon after reopening the 
coronary artery can mimic repetitive coronary 
artery clamping in postconditioned animal mod-
els [6]. Notwithstanding, unlike animal mod-
els, clinical studies on the prognostic impact of 
PostC led to conflicting results [7–19]. 

In 2005, the first studies in humans test-
ing PostC were published by Staat et al. [7] and 
Laskey [8]. Since then, other small clinical ran-
domized trials have found a benefit of PostC 
on IS reduction [9–13]. However, these studies 
used release of biomarkers (serum creatinine 
kinase) or single-proton emission computed 
tomography as diagnostic tools for detection of 
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cases by percutaneous coronary intervention 
with direct stenting and intravenous abciximab 
administration [18]. We found that IS assessed 
by CMR at 1 month did not significantly dif-
fer, but tended to be larger in the PostC group 
compared with controls both in overall popula-
tion and subgroups analyses. Thus, collectively 
the infarct data from the randomized trials 
of PostC for STEMI does not seem to differ 
greatly and fails to show a significant impact of 
PostC on final IS. Moreover, although clinical 
benefit associated with PostC was suggested by 
the New York Heart Association class status 
after 3 months in the Lønborg et al. study, there 
was no significant difference in the Canadian 
Cardiovascular Society anginal status [14]. 
Overall major adverse cardiac event rates in the 
Lønborg et al. study did not differ, but only two 
deaths occurred in the PostC group and these 
clinical data are also somewhat consistent with 
the two deaths that occurred in the PostC group 
in the POST-AMI trial [14]. On the contrary, 
Thuny et al. found, in a small randomized trial 
enrolling 50 patients, that PostC significantly 
reduced IS (also after adjustment for risk area) 
by 38% as assessed both by creatinine kinase-
MB and CMR performed at 48–72 h after 
admission [19]. They found a 32% reduction in 
myocardial edema at T2-weighted CMR. 

“...unlike animal models, clinical studies on 
the prognostic impact of postconditioning led 

to conflicting results.”

It should be acknowledged, however, that in 
all these studies, the inclusion/exclusion crite-
ria differed substantially: time from symptom 
onset >6 h [8–10,13,14,16,17,19], presence of collat-
eral flow to infarct area [9,14,15]; thrombolytic 
therapy was not always an exclusion criteria 
[7,9,11,14–17,19] and glycoprotein IIb/IIIa inhibi-
tors were used at the discretion of the opera-
tor or they were an exclusion criteria [7–17,19]. 
Moreover, the PostC protocol was different 
across studies, being 90 s × 2 (duration of bal-
loon inflation × number of inflations) [8,12], 
30 s × 3 [9,10], 30 s × 4 [14,16] and 60 s × 4 in 
other studies [7,11,13,15,17–19]. Finally, IS evalua-
tion also differed among studies, both in terms 
of assessment method and of timing adopted for 
measurements: during the first 72 h [7–9,12,16,19], 
at 1 week [10,13,15,17], at 1 month [18], at 3 months 
[14] or at 6 months [11]. For instance, it is impor-
tant to acknowledge the major contribution of 
edema to final IS quantification when CMR is 
performed too early. Another cause for concern 

with the use of PostC is the integration with a 
well-accepted therapeutic tool like thrombec-
tomy. To this regard, although thrombectomy 
could be performed prior to PostC, the few 
minutes required for its performance during 
early reperfusion might reduce the potential 
efficacy of PostC. 

“...the conflicting results of ... clinical trials 
bring attention to the need to better 

understand the mechanisms of 
postconditioning and the potential conditions 

under which it may benefit ST-elevation 
acute myocardial infarction patients...”

Considering the conflicting results of the 
available evidence in this field, larger random-
ized studies will be necessary to better clarify 
the effect of PostC on IS and on clinical end 
points before considering ischemic PostC as a 
new frontier in the treatment of patients with 
STEMI. We believe that the major limitation 
around the PostC phenomenon is the extreme 
complexity of the numerous physiological and 
biochemical mechanisms responsible for the 
beneficial effects of PostC in experi mental mod-
els [20]. Extrapolation of experimental studies to 
the clinical setting is further complicated by the 
fact that the optimal window for coupling of 
PostC to beneficial responses may be substan-
tially shorter than the mean duration of isch-
emia in typical STEMI patients [21]. In addi-
tion, underlying microvascular disease, which 
is common in STEMI patients (e.g., those with 
diabetes or left ventricle hypertrophy), may 
blunt PostC responses. Microvascular injury 
associated with prolonged periods of ischemia 
might also be included in this category. 

In conclusion, the conflicting results of the 
previously published clinical trials bring atten-
tion to the need to better understand the mech-
anisms of PostC and the potential conditions 
under which it may benefit STEMI patients, 
as well as to potential adverse effects of the 
 treatment, before returning to a final verdict.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial 
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter 
or materials discussed in the manuscript. This includes 
employment, consultancies, honoraria, stock ownership or 
options, expert testimony, grants or patents received or 
pending, or royalties.

No writing assistance was utilized in the production of 
this manuscript.

Interv. Cardiol. (2012) 4(5)506 future science group

Editorial  Tarantini & Favaretto



References
Papers of special note have been highlighted as:
n  of interest
nn  of considerable interest

1 Roger VL, Go AS, Lloyd-Jones DM et al. Heart 
disease and stroke statistics – 2012 update: a 
report from the American Heart Association. 
Circulation 125(1), e2–e220 (2012).

2 Burns RJ, Gibbons RJ, Yi Q et al.; for the 
CORE Study Investigators. The relationships 
of left ventricular ejection fraction, end-
systolic volume index and infarct size to 
six-month mortality after hospital discharge 
following myocardial infarction treated by 
thrombolysis. J. Am. Coll. Cardiol. 39, 30–36 
(2002).

3 Yellon DM, Housenloy DJ. Myocardial 
reperfusion injury. N. Engl. J. Med. 357, 
1121–1135 (2007).

nn	 Elegant and comprehensive review of 
myocardial reperfusion injury.

4 Murry CE, Jennings RB, Reimer KA. 
Preconditioning with ischemia: a delay of 
lethal cell injury in ischemic myocardium. 
Circulation 74(5), 1124–1136 (1986).

n	 Introduces the phenomenon of ischemic 
preconditioning.

5 Zhao ZQ, Corvera JS, Halkos ME et al. 
Inhibition of myocardial injury by ischemic 
postconditioning during reperfusion: 
comparison with ischemic preconditioning. 
Am. J. Physiol. Heart Circ. Physiol. 285, 
H579–H588 (2003).

n	 Introduces the phenomenon of ischemic 
postconditioning.

6 Yang XM, Proctor JB, Cui L, Krieg T, Downey 
JM, Cohen MV. Multiple, brief coronary 
occlusions during early reperfusion protect rabbit 
hearts by targeting cell signalling pathways. 
J. Am. Coll. Cardiol. 44, 1103–1110 (2004).

7 Staat P, Rioufol G, Piot C et al. 
Postconditioning the human heart. 
Circulation 112, 2143–2148 (2005).

nn	 One of the first clinical studies on ischemic 
postconditioning.

8 Laskey WK. Brief repetitive balloon 
occlusion enhance reperfusion during 
percutaneous coronary intervention for acute 
myocardial infarction: a pilot study. 
Catheter. Cardiovasc. Interv. 65, 361–367 
(2005).

9 Ma XJ, Zhang XJ, Li CM, Luo M. Effect of 
postconditioning on coronary blood flow 
velocity and endothelial function and LV 
recovery after myocardial infarction. J. Interv. 
Cardiol. 19, 367–375 (2006).

10 Yang XC, Liu Y, Wang LF et al. Reduction in 
myocardial infarct size by postconditioning in 
patients after percutaneous coronary 
intervention. J. Invasive Cardiol. 19, 424–430 
(2007).

11 Thibault H, Piot C, Staat P et al. Long-term 
benefit of postconditioning. Circulation 117, 
1137–1144 (2008).

12 Laskey W, Yoon S, Calzada N, Ricciardi MJ. 
Concordant improvements in coronary flow 
reserve and ST-segment resolution during 
percutaneous coronary intervention for acute 
myocardial infarction: a benefit of 
postconditioning. Catheter. Cardiovasc. 
Interv. 72, 212–220 (2008).

13 Xue F, Yang X, Zhang B et al. 
Postconditioning the human heart in 
percutaneous coronary intervention. Clin. 
Cardiol. 33, 439–444 (2012).

14 Lønborg J, Kelbæk H, Vejlstrup N et al. 
Cardioprotective effects of ischemic 
postconditioning in patients treated with 
primary percutaneous coronary intervention, 
evaluated by magnetic resonance. Circ. 
Cardiovasc. Interv. 3, 34–41 (2010).

15 Sörensson P, Saleh N, Bouvier F et al. Effect 
of postconditioning on infarct size in patients 
with ST elevation myocardial infarction. 
Heart 96, 1710–1715 (2010).

16 Garcia S, Henry TD, Wang YL et al. 
Long-term follow-up of patients undergoing 
postconditioning during ST-elevation 
myocardial infarction. J. Cardiovasc. 
Transl. Res. 4, 92–98 (2011).

17 Freixa X, Bellera N, Ortiz-Pérez JT et al. 
Ischaemic postconditioning revisited: lack of 
effects on infarct size following primary 
percutaneous coronary intervention. 
Eur. Heart J. 33, 103–112 (2012).

18 Tarantini G, Favaretto E, Perazzolo Marra M 
et al. Postconditioning during coronary 
angioplasty in acute myocardial infarction: 
the POST-AMI trial. Int. J. Cardiol. 
doi:10.1016/j.ijcard.2012.03.136 (2012) 
(Epub ahead of print).

19 Thuny F, Lairez O, Roubille F et al. 
Post-conditioning reduces infarct size and 
edema in patients with ST-segment elevation 
myocardial infarction. J. Am. Coll. Cardiol. 
59(24), 2175–2181 (2012).

20 Ferdinandy P, Schulz R, Baxter GF. 
Interaction of cardiovascular risk factors with 
myocardial ischemia/reperfusion injury, 
preconditioning, and postconditioning. 
Pharmacol. Rev. 59, 418–458 (2007).

n	 Elegant and comprehensive review of the 
interaction of cardiovascular risk factors 
with reperfusion injury, preconditioning and 
postconditioning.

21 Ovize M, Baxter GF, Di Lisa F et al. 
Postconditioning and protection from 
reperfusion injury: where do we stand? 
Cardiovasc. Res. 87, 406–423 (2010).

n	 Position paper from the working group of 
cellular biology of the heart of the European 
Society of Cardiology.

www.futuremedicine.com 507future science group

Postconditioning in ST-elevation myocardial infarction patients  editorial


