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Does thrombectomy inhibit effect of 
ischaemic postconditioning in STEMI? 
True or not?
Cheol Woong Yu    

The acute restoration of blood flow to the 
ischaemic myocardium during reperfusion 
therapy for ST- segment elevation myocar-
dial infarction (STEMI) may induce 
further injuries to the myocardium. This 
phenomenon, reperfusion injury, can 
paradoxically reduce the beneficial effects 
of myocardial reperfusion. Studies using 
various animal models have reported that 
the reperfusion injury can account for up 
to 50% of the total size of myocardial 
infarction.1 As such, minimising reperfu-
sion injury could have significant clinical 
implications. In clinical practice, the 
mortality rate for STEMI has reached a 
plateau with a 1- year mortality of 10%, 
with approximately 25% patients devel-
oping heart failure, despite an early and 
successful reperfusion.1 2 Thus, there is a 
need for further improvements in the 
treatment of STEMI. The prevention of 
reperfusion injury may help to improve 
outcome following the most widely 
applied form of reperfusion therapy, 
primary percutaneous coronary interven-
tion (PCI).

There are four categories of reperfusion 
injury in STEMI: stunning, reperfusion 
arrhythmia, no reflows/slow reflow by a 
microvascular obstruction (MVO) and 
lethal reperfusion injury.1 Different types 
of reperfusion injury may occur at the 
same time and ultimately determine the 
infarct size.1 3 Different methods have been 
examined to prevent reperfusion injury 
(figure 1).1 3 No reflow/slow reflow and 
lethal reperfusion injury often occur simul-
taneously. These two types of reperfusion 
injury can result in irreversible myocardial 
necrosis.1 It is unknown which one of the 
two reperfusion injuries contribute more 
to the final myocardial infarct size. It is 
suspected that the contribution of each 
reperfusion injury to final infarct size might 
depend on the nature of the lesions and is 
expressed roughly by the sum of the two 
types of reperfusion injury in clinical prac-
tice. Efforts to reduce these two reperfusion 

injuries have focused on thrombectomy, 
ischaemic postconditioning (IPC) and 
pharmacological conditioning and other 
such strategies. Recently, deferred stenting, 
defined as delaying of stent implantation 
until thrombus regressed after reperfu-
sion with minimalistic approach, has been 
emphasised as another method to reduce no 
reflow.4

Myocardial stunning, manifested as 
myocardial dysfunction, is reversible 
within several days to weeks. Reperfusion 
arrhythmia can be prevented and has little 
impact on the infarct size.1 No reflow 
following a reperfusion therapy is caused 
by MVO, the mechanism of which is the 
distal embolisation of the plaque clots. 
Other possible mechanisms include vaso-
spasm, extrinsic compression of the vessel 
by tissue oedema, in situ thrombosis and 
other such mechanisms. MVO, resulting 
in myocardial tissue hypoperfusion, can 
manifest angiographically as normal 
reflow, slow reflow or no reflow, with 
the most severe form being no reflow. 
MVO increases the infarct size, and the 
larger the MVO size, the worse is the 

prognosis.5 Therefore, several attempts 
have been made to reduce MVO in 
patients with STEMI. The representative 
interventional methods include throm-
bectomy and deferred stenting. Throm-
bectomy removes a substantial portion 
of the thrombus from the infarct- related 
arteries in patients with STEMI. However, 
large clinical studies have reported that 
the routine practice of thrombectomy in 
patients with STEMI was ineffective and 
might even lead to harmful outcomes.6 
Therefore, it is currently used in some 
patients with large thrombus burden, but 
the effect has not been proven to date.

Deferred stenting has been evaluated in 
four randomised controlled clinical trials.4 
However, those have reported conflicting 
results to date. Other clinical studies are 
underway, and the results are awaited.

Lethal reperfusion injury, independent 
of no reflow/slow reflow, are known to 
occur by several mechanisms, including the 
opening of the mitochondrial permeability 
transportation pores, the generation of reac-
tive oxygen species, an intracellular calcium 
overload, a rapid normalisation of pH and 
inflammation.1 Several interventions and 
medications have been developed to target 
these mechanisms. Several experimental 
studies using animal models have reported 
that some medications and interventions 
could reduce the infarct size.1 3 Among 
them, IPC has emerged as the most effec-
tive and practical method. However, a series 
of large- scale clinical studies demonstrated 
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Figure 1 Reperfusion injury during primary percutaneous coronary intervention and methods 
to prevent reperfusion injury in ST- segment elevation myocardial infarction (STEMI). No reflow/
slow reflow and lethal reperfusion injury can cause irreversible myocardial damage independently 
of each other and a summation of these two injuries effect a final infarction size. Different 
interventions to reduce reperfusion injury may mimic or interfere with other intervention. Larger 
infarct size promotes reperfusion ventricular arrhythmia.
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disappointing results of IPC.3 Why are 
there the difference of IPC between experi-
mental studies and clinical studies? There are 
several reasons as follows. In experimental 
studies, the STEMI model was developed 
by the ligation of a nearly normal artery of 
young animals, and the ischaemic time was 
as short as 90 min.1 3 However, in clinical 
trials, the coronary artery lesions of patients 
were highly advanced arteriosclerotic lesions 
with large thrombus burden and frequently 
associated with longer ischaemic time and 
various underlying comorbidities.3 7 These 
differences may mainly contribute to the lack 
of efficacy of IPC in clinical studies, although 
IPC reduced the size of myocardial infarction 
in animal studies.

Another reason may be an interac-
tion between different interventions to 
reduce reperfusion injuries. Different 
interventional therapies to prevent reper-
fusion injury may mimic or interfere with 
the effects of other interventions.3 For 
example, thrombectomy may partly mimic 
IPC through the progressive restoration of 
blood flow during thrombus extraction, 
but it may paradoxically promote distal 
embolisation of the thrombus to exert a 
harmful effect.3 6 As the authors suggested, 
it is possible that thrombectomy delay 
starting of IPC during reperfusion and 
thus interfere with its effectiveness. IPC 
performed by repeated ballooning within 
a target lesion may lead to an increase in 
MVO by promoting the distal embolisation 
and exacerbating reperfusion injury by no 
reflow.3 Deferred stenting may also mimic 
the effect of IPC by the gradual restoration 
of the blood flow. Therefore, when two or 
more procedures are used simultaneously in 
one lesion, it may be difficult to accurately 
evaluate the effect of one procedure.

DANAMI-3- iPOST,designed to deter-
mine whether IPC can improve the clininical 
outcomes in patients with STEMI, did not 
prove the effect of IPC.8 However, throm-
bectomy was performed in 57.8% of all 
patients in this study.8 The authors assumed 
that the interaction between thrombec-
tomy and IPC might affect the outcomes. 
Thus, they further stratified the patients 
according to the use of thrombectomy 
in the study. During a median 35- month 
follow- up period, there was a significant 
interaction between IPC and thrombec-
tomy on a composite outcome of all- cause 
mortality and hospital admissions for heart 
failure (p=0.004). IPC with primary PCI 
reduced the risk of all- cause mortality and 
hospitalisations for heart failure compared 
with conventional PCI in patients not 
treated with thrombectomy (10% vs 18%, 
adjusted HR 0.55, p=0.016). In patients 
treated with thrombectomy, there was no 

significant difference between ischaemic 
postconditioning and conventional PCI 
(adjusted HR 1.18, p=0.62).

Based on the graphs presented by the 
authors, among the four patient groups, 
the group treated with only conventional 
PCI showed the highest incidence of the 
primary endpoints, mainly driven by all- 
cause mortality. Moreover, the event rates 
in the remaining three groups (two groups 
with thrombectomy and one group under-
going IPC without thrombectomy) were 
similar.

It is difficult to interpret this result. The 
authors insisted that IPC did not appear to 
be effective in patients treated with throm-
bectomy because thrombectomy inter-
fered with the efficacy of IPC. However, 
how should we explain the similar event 
rates between the patients treated with 
thrombectomy and patients undergoing 
IPC without thrombectomy?

As described above, a partial effect of 
IPC could be achieved with thrombectomy 
by slowing the reperfusion of the blood-
stream.4 7 Therefore, we could understand 
that implementing IPC through repetitive 
ballooning could not provide an additional 
effect. Theoretically, thrombectomy might 
reduce reperfusion injury by simultaneously 
reducing distal embolisation and achieving 
partial IPC effect. This mechanism could 
explain why there was no difference in 
the event rates between the IPC and the 
conventional PCI group in patients with 
thrombectomy and why the event rate 
was lower than that in patients with only 
conventional PCI, at the same time.

Differentiation of the two scenarios is 
very important in practice. If the two treat-
ments merely interfere with each other, 
we should conclude that all patients with 
STEMI should avoid the combined use of 
IPC and thrombectomy. However, if one 
treatment shares the effects of another one, 
the choice of treatment should be done 
according to differential risk of reperfusion 
injuries evaluated based on the characteris-
tics of the lesions in practice.

In this study, thrombectomy was 
performed at the discretion of the oper-
ators; therefore, it was likely that throm-
bectomy was frequently performed for 
lesions with a large thrombus burden. 
However, the authors did not analyse 
the thrombus burden in each lesion. 
Therefore, it is reasonable to speculate 
that patients treated with thrombectomy 
were likely to have more thrombotic 
lesions and a higher risk of myocardial 
damages due to no reflow/slow reflow 
rather than a lethal reperfusion injury. In 
these patients, thrombectomy was likely 
to be effective in reducing reperfusion 

injury by simultaneously reducing distal 
embolisation and the partial IPC effect. 
Conversely, patients without thrombec-
tomy were likely to have less thrombotic 
lesions and a higher risk of myocardial 
damages due to lethal reperfusion injury 
rather than no reflow/slow flow. There-
fore, IPC was likely to be effective. If this 
assumption would have been correct, the 
authors have chosen the optimal treat-
ment, whether intended or uninten-
tional, except for patients who did not 
received any treatment to prevent reper-
fusion injury.

The present Heart study by Nepper- 
Christensen et al9 is a clinical study to 
evaluate the interactions between thrombec-
tomy and IPC performed to reduce reper-
fusion injury. Regardless of the reliability 
of the proposed mechanism, the present 
study is valuable in that it provided inspi-
ration for future research. Efforts to reduce 
reperfusion injury in patients with STEMI 
should be attempted, and they may be effec-
tive if an appropriate treatment strategy is 
selected. Future research should focus on 
the selection of an optimal treatment based 
on lesion characteristics to reduce reperfu-
sion injury in patients with STEMI.
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