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Even today, ST-segment elevation myocardial infarction (STEMI) 
complicated by cardiogenic shock (CS) remains associated with 
very high mortality1,2. There is currently only one positive ran-
domised clinical trial in the setting of STEMI complicated by CS 
- the SHOCK (Should We Emergently Revascularize Occluded 
Coronaries for Cardiogenic Shock) trial - which showed a reduc-
tion in mortality with emergency revascularisation compared with 
initial medical stabilisation in CS patients3. Ever since SHOCK 
was published 20 years ago mortality rates in CS have remained 
stable at approximately 50%1-3. Multivessel disease is very com-
mon in patients with CS, with a prevalence of approximately 
80%1. Prior observational studies have suggested that the presence 
of a chronic total occlusion (CTO) in a non-infarct-related artery 
(IRA) is a particularly strong predictor of mortality in patients 
with CS4,5. Such a CTO in an IRA is a relatively common finding 
with a reported prevalence of 25-30% in CS1,4,5.

In the current issue of EuroIntervention, Mohammed Saad et 
al report the prognostic impact of a CTO in a non-IRA in STEMI 

patients with CS from the IABP-SHOCK II (Intraaortic Balloon 
Pump in Cardiogenic Shock) trial and accompanying registry6.

Article, see page 306

In keeping with previous data, a CTO in a non-IRA was an inde-
pendent predictor of one-year mortality (hazard ratio 1.30, 95% 
confidence interval: 1.02-1.67, p=0.03). Moreover, a CTO in a non-
IRA was associated with increased rates of ventricular arrhythmias 
requiring defibrillation at 30-day follow-up. This last finding adds 
important insight into the potential mechanism of increased mortal-
ity in patients with a CTO after STEMI complicated by CS and is 
in line with several observational studies indicating a significantly 
higher rate of appropriate implantable cardioverter-defibrillator 
(ICD) therapies in patients who received an ICD for secondary pre-
vention of sudden cardiac death7,8. Interestingly, a recent review and 
meta-analysis investigating electrocardiographic parameters after 
successful CTO PCI showed a significant reduction in QT disper-
sion, suggesting homogenisation in repolarisation which may theo-
retically improve electrical stability9.
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Chronic total occlusions in cardiogenic shock

Other mechanisms by which the presence of a CTO increases 
mortality include a lower baseline left ventricular ejection frac-
tion (in the current study 30% in the CTO group vs. 39% in the 
group without a CTO, p<0.001) which can be explained by two 
mechanisms. Firstly, the presence of a CTO suggests a prior 
myocardial infarction. Secondly, the so-called “double jeopardy” 
hypothesis states that the myocardial territory supplied by the IRA 
is at increased risk as it has fewer functional residual vessels from 
which to receive collaterals while the myocardial territory sup-
plied by the CTO may be dependent on collaterals from the IRA.

The present study once again underscores the important prog-
nostic value of a CTO in the setting of CS but unfortunately does 
not provide us with answers to the question of how to improve 
outcomes in this high-risk group. The investigators report that 
there was no interaction between the presence of a CTO and ran-
domised treatment allocation on mortality, confirming the results 
of the main study that there is no benefit associated with IABP use 
in patients with CS.

The optimal extent of revascularisation in the setting of pri-
mary PCI for STEMI complicated by CS remains a topic of 
intense debate. Until recently, expert opinion has favoured com-
plete revascularisation in patients with ongoing instability10,11. 
However, the recent CULPRIT-SHOCK (Culprit Lesion Only 
PCI Versus Multivessel PCI in Cardiogenic Shock) trial showed 
no benefit with immediate complete revascularisation compared 
with culprit-lesion only PCI in STEMI patients with CS1. In fact, 
at 30-day follow-up the primary endpoint (death or renal replace-
ment therapy) had occurred in 55.4% of patients in the multives-
sel PCI group as compared with 45.9% in the culprit-only group 
(p=0.01). Importantly, in CULPRIT-SHOCK, no interaction was 
observed between the presence of a CTO and randomised treat-
ment allocation on the primary endpoint. Furthermore, even when 
performed by dedicated operators, CTO PCI remains associated 
with relatively low success rates and requires a lengthy procedure 
with considerable use of contrast medium and high risk of com-
plications. Therefore, immediate non-culprit CTO PCI is currently 
poorly feasible with a low success rate and, most importantly, not 
beneficial with a higher rate of complications.

As mortality after STEMI complicated with CS remains as high 
today as it was 20 years ago, and interventions such as IABP and 
immediate complete revascularisation have failed, perhaps it is 
time for a paradigm shift in the treatment of CS. Early initiation 
of powerful mechanical circulatory support (such as extracorpor-
eal membrane oxygenation) in CS patients may address the prin-
cipal problem of inadequate organ perfusion. Subsequently, when 
haemodynamic stability is achieved, complete revascularisation 
may be attempted to preserve as much myocardium as possible. 
Of course, whether such an approach may finally reduce mortality 
after CS will need to be determined in a large-scale randomised 
clinical trial. Until that time, a prolonged attempt to revascularise 
a CTO during primary PCI for CS patients is neither safe nor feas-
ible, and revascularisation of a CTO during follow-up should be 
dependent on viability, ischaemia, and symptoms.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Thiele H, Akin I, Sandri M, Fuernau G, de Waha S, Meyer-
Saraei R, Nordbeck P, Geisler T, Landmesser U, Skurk C, Fach A, 
Lapp H, Piek JJ, Noc M, Goslar T, Felix SB, Maier LS,  Stepinska J, 
Oldroyd K, Serpytis P, Montalescot G, Barthelemy O, Huber K, 
Windecker S, Savonitto S, Torremante P, Vrints C, Schneider S, 
Desch S, Zeymer U; CULPRIT-SHOCK Investigators. PCI Strat-
egies in Patients with Acute Myocardial Infarction and Cardio-
genic Shock. N Engl J Med. 2017;377:2419-32.
 2. Thiele H, Zeymer U, Neumann FJ, Ferenc M, Olbrich HG, 
Hausleiter J, Richardt G, Hennersdorf M, Empen K, Fuernau G, 
Desch S, Eitel I, Hambrecht R, Fuhrmann J, Böhm M, Ebelt H, 
Schneider S, Schuler G, Werdan K; IABP-SHOCK II Trial 
Investigators. Intraaortic balloon support for myocardial infarction 
with cardiogenic shock. N Engl J Med. 2012;367:1287-96.
 3. Hochman JS, Sleeper LA, Webb JG, Sanborn TA, White HD, 
Talley JD, Buller CE, Jacobs AK, Slater JN, Col J, McKinlay SM, 
LeJemtel TH. Early revascularization in acute myocardial infarc-
tion complicated by cardiogenic shock. SHOCK Investigators. 
Should We Emergently Revascularize Occluded Coronaries for 
Cardiogenic Shock. N Engl J Med. 1999;341:625-34.
 4. van der Schaaf RJ, Claessen BE, Vis MM, Hoebers LP, 
Koch KT, Baan J Jr, Meuwissen M, Engstrom AE, Kikkert WJ, 
Tijssen JG, de Winter RJ, Piek JJ, Henriques JP. Effect of multives-
sel coronary disease with or without concurrent chronic total occlu-
sion on one-year mortality in patients treated with primary 
percutaneous coronary intervention for cardiogenic shock. Am 
J Cardiol. 2010;105:955-9.
 5. Hoebers LP, Vis MM, Claessen BE, van der Schaaf RJ, 
Kikkert WJ, Baan J Jr, de Winter RJ, Piek JJ, Tijssen JG, 
Dangas GD, Henriques JP. The impact of multivessel disease with 
and without a co-existing chronic total occlusion on short- and 
long-term mortality in ST-elevation myocardial infarction patients 
with and without cardiogenic shock. Eur J Heart Fail. 2013;15: 
425-32.
 6. Saad M, Fuernau G, Desch S, Eitel I, de Waha S, Pöss J, 
Ouarrak T, Schneider S, Zeymer U, Thiele H. Prognostic impact of 
non-culprit chronic total occlusions in infarct-related cardiogenic 
shock: results of the randomised IABP-SHOCK II trial. 
EuroIntervention. 2018;14:306-13.
 7. Nombela-Franco L, Iannaccone M, Anguera I, Amat-
Santos IJ, Sanchez-Garcia M, Bautista D, Calvelo MN, Di Marco A, 
Moretti C, Pozzi R, Scaglione M, Cañadas V, Sandin-Fuentes M, 
Arenal A, Bagur R, Perez-Castellano N, Fernandez-Perez C, 
Gaita F, Macaya C, Escaned J, Fernández-Lozano I. Impact of 
Chronic Total Coronary Occlusion on Recurrence of Ventricular 
Arrhythmias in Ischemic Secondary Prevention Implantable 
Cardioverter-Defibrillator Recipients (VACTO Secondary Study): 
Insights From Coronary Angiogram and Electrogram Analysis. 
JACC Cardiovasc Interv. 2017;10:879-88.



e254

EuroIntervention 2
0
1
8

;14
:e

2
5

2-e
2

5
4

 8. van Dongen IM, Yilmaz D, Elias J, Claessen BEPM, 
Delewi R, Knops RE, Wilde AAM, van Erven L, Schalij MJ, 
Henriques JPS. Evaluation of the Impact of a Chronic Total 
Coronary Occlusion on Ventricular Arrhythmias and Long-Term 
Mortality in Patients With Ischemic Cardiomyopathy and an 
Implantable Cardioverter-Defibrillator (the eCTOpy-in-ICD 
Study). J Am Heart Assoc. 2018 May 2;7(10).
 9. van Dongen IM, Elias J, Meijborg VMF, De Bakker JMT, 
Limpens J, Conrath CE, Henriques JPS. Electrocardiographic 
changes after successful recanalization of a chronic total coronary 
occlusion. A systematic review and meta-analysis. Cardiovasc 
Revasc Med. 2018;19:221-8.
 10. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-
Ducci C, Bueno H, Caforio ALP, Crea F, Goudevenos JA, 
Halvorsen S, Hindricks G, Kastrati A, Lenzen MJ, Prescott E, 
Roffi M, Valgimigli M, Varenhorst C, Vranckx P, Widimský P; ESC 
Scientific Document Group. 2017 ESC Guidelines for the manage-
ment of acute myocardial infarction in patients presenting with 

ST-segment elevation: The Task Force for the management of acute 
myocardial infarction in patients presenting with ST-segment ele-
vation of the European Society of Cardiology (ESC). Eur Heart J. 
2018;39:119-77.
 11. American College of Emergency Physicians; Society for 
Cardiovascular Angiography and Interventions, O’Gara PT, 
Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de Lemos JA, 
Ettinger SM, Fang JC, Fesmire FM, Franklin BA, Granger CB, 
Krumholz HM, Linderbaum JA, Morrow DA, Newby LK, 
Ornato JP, Ou N, Radford MJ, Tamis-Holland JE, Tommaso CL, 
Tracy CM, Woo YJ, Zhao DX, Anderson JL, Jacobs AK, 
Halperin JL, Albert NM, Brindis RG, Creager MA, DeMets D, 
Guyton RA, Hochman JS, Kovacs RJ, Kushner FG, Ohman EM, 
Stevenson WG, Yancy CW. 2013 ACCF/AHA guideline for the 
management of ST-elevation myocardial infarction: a report of the 
American College of Cardiology Foundation/American Heart 
Association Task Force on Practice Guidelines. J Am Coll Cardiol. 
2013;61:e78-140.


