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1.1 Executive summary 

Cardiogenic shock (CS) complicating acute myocardial infarction (AMI) represents a major European health care 
concern with mortality rates between 40-70%. Approximately 70-80% of these patients present with multivessel 
disease defined as coronary lesions in more than one vessel. The clinician has previously been faced with the 
decision to either 1) intervene only on the culprit lesion acutely responsible for the initiation of cardiogenic shock, or 
2) treat additional lesions considered hemodynamically significant but not acutely triggering the CS cascade as well. 
Previous guidelines recommended percutaneous coronary intervention (PCI) of all critical lesions. However, due to a 
lack of randomized trials, these recommendations were solely based on registry data, pathophysiological 
considerations and expert consensus.  

Aim of the randomized CULPRIT-SHOCK trial was therefore to compare a) immediate multivessel PCI versus b) 
culprit lesion only PCI in patients with AMI complicated by CS. A total of 706 CS patients have been randomized in 
several European countries and 83 centers. The primary endpoint was 30-day all-cause mortality and/or severe renal 
failure requiring renal replacement therapy which was significantly lower in the culprit-lesion-only PCI arm in 
comparison to the immediate multivessel PCI arm. These results have been presented in September 2017 during the 
annual congress of the TCT in Denver, USA and simultaneously published in the New England Journal of Medicine. 
CULPRIT-SHOCK therefore determined the optimal percutaneous revascularization strategy in patients with AMI and 
multivessel disease complicated by CS. The 30-day results led to a chance in current European Society of 
Cardiology (ESC) revascularization guidelines, published in the end of August 2018, with the new recommendation to 
not perform immediate multivessel PCI in the setting of CS.  

In addition, a comprehensive array of efficacy, safety and socio-economic parameters for the chosen population has 
been assessed. Multiple secondary endpoints and several substudies (microcirculation, biomarkers, angiography) 
served to further understand the presumed differential effects of the 2 treatment arms and to understand the 
underlying pathophysiology and prognostic markers. From these parameters a multivariable regression model and a 
risk score for the prediction of clinical prognosis and a cost-effectiveness model in AMI and CS has been developed. 
Furthermore, CULPRIT-SHOCK obtained data on CS patients not meeting inclusion criteria by instituting a separate 
registry. 

The 1-year follow-up data have been presented in August 2018 during the annual congress of the ESC in Munich 
and once again simultaneously published in the New England Journal of Medicine underlining the importance of the 
trial. The results at 1 year could confirm the 30-day results and support also the change in the ESC guidelines. With 
the final inclusion of 706 patients, CULPRIT-SHOCK is the largest randomized trial in cardiogenic shock that has 
ever been performed. To be able to publish in the best medical journal within less than one year with the same 
clinical trial is not only very honorable, but it especially underlines the impact the CULPRIT-SHOCK trial has made 
within the internal medicine and also cardiac society 
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1.2 Summary description of project context and objectives 

Background and Aims 

Cardiovascular disease is the leading cause of mortality in the European Union (EU) and direct and indirect costs of 
cardiovascular diseases to the EU amount to 300 billion Euros per year. Great progress has been made in treating 
cardiovascular disease by therapeutic interventions including drugs and devices. However, cardiogenic shock 
complicating acute myocardial infarction (AMI) remains a major European health care concern with mortality rates 
between 45-70%.1 Of estimated 910,000 patients with AMI admitted to hospitals in Europe per year, approximately 
60,000 to 70,000 will result in cardiogenic shock (7-8%).1 Cardiogenic shock in AMI is therefore a prominent cause of 
death among European citizens. 

The most important therapeutic measure in cardiogenic shock complicating AMI is early reperfusion of the 
infarct related artery. The landmark SHOCK trial is one of the rare adequately powered randomized trials in 
cardiogenic shock complicating AMI. Although it failed to meet the primary endpoint - reduction of 30-day mortality by 
an early revascularization-based management either by PCI or coronary artery bypass grafting (CABG) - (46.7% 
versus 56.0%, p=0.11),2 there was a significant mortality reduction at 6 months (50.3% versus 63.1%, p=0.027), 12 
months (53.3% versus 66.4%, p=0.03),3 and long-term follow-up at 6 years (67.2% versus 80.4%, p=0.03).4 To save 
1 life, <8 patients need to be treated by early revascularization in comparison to initial medical stabilization. 
Based on the current evidence PCI plus stent implantation (or CABG) is recommended for all patients in particular 
those aged <75 years to allow recovery of stunned myocardium and prevention of life-threatening arrhythmias. For 
patients aged >75 years an early interventional treatment is recommended depending on patient condition and 
comorbidities. The more widespread implementation of early interventional treatment in cardiogenic shock was likely 
the most important factor for a reduction of mortality to 40-50% observed in recent years. 

In general, clinical trials in the critically-ill population of patients with cardiogenic shock are difficult to perform which 
might be the most important reason why overall scientifically accepted and evidence-based strategies in cardiogenic 
shock are scarce. The largest randomized clinical trial before finalization of CULPRIT-SHOCK enrolled 600 patients. 
5,6 5,6 5,6 5,6 5,6 5,6 5,6 5,6 5,6 Given the limited treatment options novel strategies suitable to reduce the unacceptably high 
mortality are urgently needed and would have great impact. 

As outlined above, early mechanical reperfusion is the single most important therapeutic measure leading to a 
marked mortality reduction.  

Approximately 70-80% of patients with cardiogenic shock complicating AMI present with multivessel disease defined 
as coronary stenoses/occlusions in more than one vessel. These patients have a higher mortality compared to 
patients with single vessel disease. 7-9 7-9 7-9 7-9 7-9 7-9 7-9 7-9 Coronary lesions in these patients can usually be classified 
into  

1) a single “culprit lesion” acutely responsible for the initiation of cardiogenic shock and  

2) additional lesions considered hemodynamically significant but not acutely triggering the shock cascade. 

While mechanical treatment of the culprit lesion is accepted standard practice, optimal management of additional 
non-culprit lesions in patients with multivessel disease is unclear. 

Potential advantages of multivessel PCI 

Theoretically, by improving myocardial perfusion acute treatment of hemodynamically significant non-culprit lesions 
could a) limit infarct size and b) preserve ventricular function, which are major prognostic factors. Furthermore, 
immediate multivessel PCI might c) prevent potentially hazardous early and late recurrent ischemic cardiac 
events. Complete revascularization at the time of infarction may also d) reduce overall hospital stay and e) total 
cost of care by obviating the need for additional interventional procedures. 

Potential disadvantages of multivessel PCI 

On the other hand, several concerns exist regarding prolonged interventions of non-culprit lesions in the cardiogenic 
shock setting. Coronary interventions in AMI are frequently accompanied by a) distal embolization of thrombotic 
material, the possibility of b) acute side branch or even main vessel occlusion, or other inherent technical 
problems. In the already highly unstable situation of cardiogenic shock, these detrimental effects can lead to c) 
further deterioration in hemodynamic status or d) induce life-threatening arrhythmias. Furthermore, multi-
lesion intervention is inevitably associated with e) higher amounts of contrast dye administration. This can lead to 
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acute volume overload of the left ventricle with subsequent hemodynamic compromise, and contrast-
induced nephropathy, a known predictor of adverse clinical outcome. The f) additional risk of stent thrombosis in 
the thrombogenic milieu of AMI also has to be taken into account with increasing numbers of implanted stents. 
Finally, multiple interventions might g) increase the need for subsequent revascularization procedures due to 
in-stent restenosis. 

Work strategy and general description 

Beside CULPRIT-SHOCK, there are no randomized clinical trials comparing a strategy of culprit lesion only treatment 
versus a strategy of acute treatment of all hemodynamically significant lesions in patients with AMI and cardiogenic 
shock presenting with multivessel disease and all guideline recommendations are based on registry data or 
pathophysiological considerations. However, non-randomized observational studies and registries are prone to 
treatment-selection bias precluding definitive conclusions.10 The uncertainty regarding patient management is 
reflected in current guideline recommendations for cardiogenic shock in AMI. While ESC guidelines so far 
recommended PCI of all critical or highly unstable lesions in patients with AMI complicated by cardiogenic shock,11 
the current German/Austrian S3-guideline recommends multivessel PCI only in selected individual cases.12  

In light of the conflicting arguments and a lack of randomized data, reperfusion strategies differ widely among 
countries and institutions worldwide. In the German IABP-SHOCK II multicenter trial, multivessel PCI was performed 
in only 37% of the patients despite its Class IIa Level of Evidence B recommendation in current ESC guidelines. 
Beside the CULPRIT-SHOCK trial, there are currently no robust data available on the preferred revascularization 
method for patients with multivessel disease and cardiogenic shock across European countries and institutions. 

Given these uncertainties, a prospective randomized clinical trial is warranted to determine the optimal 
revascularization therapy in patients with AMI-related cardiogenic shock and multivessel disease treated with early 
revascularization preferably by PCI. 

We have therefore formed a collaborative consortium of highly experienced European partners to conduct a large-
scale prospective, randomized, controlled, international, multicenter trial (CULPRIT-SHOCK) to compare both 
strategies. The consortium with its partners and the location of participating and enrolling countries is shown on the 
website. 

Management structure and procedures 

The Project Coordinator ensured the smooth operation of the project and guaranteed that all efforts were focused 
towards the objectives. He submitted all required progress reports, deliverables, financial statements to the European 
Commission, and, with the assistance of ARTTIC he was responsible for the proper use of funds and their transfers 
to participants. The CULPRIT-SHOCK office was established by and based at the coordinator in Lübeck as the 
Coordinating Institution and Leipzig location of the scientific coordinator and at ARTTIC in Munich. The Project Office 
at the Coordinator was concerned with the scientific management and the co-ordination of all research activities. The 
Project Office at ARTTIC was responsible for administrative, financial and contractual management and the 
organizational co-ordination of the project activities. 

Objectives of CULPRIT-SHOCK: 

The following major objectives have been defined in the CULPRIT-SHOCK project: 

1) To determine the optimal percutaneous revascularization strategy in patients with AMI and multivessel disease 
complicated by cardiogenic shock. 

2) To conduct a series of substudies (angiography, biomarkers, microcirculation) to further understand the presumed 
differential effects of the 2 treatment arms and to understand the underlying pathophysiology 

3) To develop a multivariable regression model and a risk score for the prediction of clinical prognosis in AMI and 
cardiogenic shock. 

4) To determine a cost-effectiveness model based on data from the trial and present final analyses from the overall 
European and also individual national perspectives. 

5) To obtain data on patients and their treatment as well as their prognosis not meeting inclusion criteria by instituting 
a separate registry. 
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1.3 Description of the main S&T results/foregrounds of CULPRIT-SHOCK 
The CULPRIT-SHOCK study was conducted through 10 work packages. 

WP01: Patient enrolment, randomization, and treatment 

▪ Objectives  

The objective of WP01 was to perform a prospective, randomized, controlled, multicenter, clinical trial comparing 
immediate multivessel PCI versus culprit lesion only PCI in patients with AMI and multivessel disease complicated by 
cardiogenic shock. The following specific tasks have been defined for WP01: 

• To set-up a multinational European collaborative network of tertiary care centers for enrolment of 
patients with multivessel disease and AMI with cardiogenic shock (Task 1) 

• To obtain ethical approval for all participating centers according to the respective laws and rules in all 
participating countries (Task 2) 

• To perform randomization of all eligible patients to either immediate multivessel PCI or culprit lesion only 
PCI and execute diagnostic and therapeutic measures according to study protocol (Task 3) 

• To perform clinical follow-up at 30 days (Task 4) 

• To perform intermediate and long-term follow-up at 6 and 12 months (Task 5) 

Clearly the most significant result is the confirmation of the 30-day outcome at 1-year follow-up in the CULPRIT-
SHOCK clinical trial.13,14 Immediate treatment of the primary lesion only does not increase the overall mortality rate at 
longer follow-up and the results remain nearly identical with a clear benefit of culprit-lesion-only PCI.13,14 The impact 
can be seen as the European revascularization guidelines were adapted and the highly ranked “New England of 
Medicine” published the 30-day follow up as well as the 1-year follow-up.13,14 Two publications within one year of the 
same clinical trial are extremely extraordinary. 

WP02: Prospective CULPRIT-SHOCK registry 

▪ Objectives  

The principal objective of WP02 was to set-up a controlled, multicenter, prospective clinical registry for patients with 
AMI complicated by cardiogenic shock not eligible for the CULPRIT-SHOCK randomized trial in WP01. The following 
specific objectives have been defined for WP02: 

• To set-up a multinational European collaborative network of tertiary care centers for enrolment of 
patients with AMI and cardiogenic shock qualifying for the registry (Task 1) 

• To obtain ethical approval for all participating centers according to the respective laws and rules in all 
participating countries for registry patients (Task 2) 

• To include patients not eligible for randomization (WP01) into the registry (Task 3) 

• To describe the reasons for inclusion into the registry and the 30-day outcome of patients with 
cardiogenic shock after AMI non-eligible for the randomized CULPRIT-SHOCK trial (Task 4) 

• To perform intermediate and long-term follow-up at 6 and 12 months to further define the outcome of 
patients with cardiogenic shock in the registry (Task 5) 

The significant results are related to WP01 and WP02. 

WP03: Angiographic core lab 

▪ Objectives  

• To describe the coronary anatomy and procedural characteristics of patients enrolled in WP01 and 
WP02 (Task 1) 
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• To assess angiographic myocardial perfusion before and after PCI of patients enrolled in WP01 and 
WP02 as well as determination of any differential effects of the treatment strategies on angiographic 
perfusion parameters of patients enrolled in WP01 (Task 2) 

• To calculate angiographic scores of patients enrolled in WP01 and WP02 (Task 3) 

• To analyze the correlation between specific angiographic assessments and clinical outcomes (Task 4). 

• To do some further substudies statistical analyses of the clinical database (Task 5) 

A huge work was done to get all angiograms and to analyze them in order to report data as soon as possible. 
Specific CTO assessments were performed in order to answer the journal reviewers. The statistical analyses done 
will allow us to prepare multiple scientific articles which are under current preparation.  

WP04: Biomarkers and biobank 

▪ Objectives  

• Standardized sampling, storage, shipment and cryoconservation of blood samples at pre-defined time 
points (Task 1) 

• Standardized analysis of established biomarkers in cardiogenic shock (Task 2) 

• Standardization of analytical procedures and analysis of novel biomarkers potentially suited to study 
pathophysiology and prognosis in cardiogenic shock (Task 3) 

Multiple biomarkers are currently analyzed. A huge work was done to analyze a large array of new and also 
established biomarkers. The statistical analyses have been performed and all the will allow us to prepare multiple 
scientific articles on pathophysiology and prognosis of cardiogenic shock.  

WP05:  Microcirculation 

▪ Objectives  

• To non-invasively assess systemic microvascular function in patients with AMI complicated by 
cardiogenic shock (Task 1) 

• To compare the prognostic implications of macrohemodynamic parameters or perfusion versus 
microhemodynamic parameters of perfusion (Task 2) 

• To identify possible differential effects of multivessel versus culprit-only primary PCI on myocardial and 
systemic microvascular functional status in patients with AMI complicated by cardiogenic shock, and its 
relationship to clinical outcome (Task 3) 

• To compare manual assessment of microhemodynamic parameters versus automated assessment of 
microhemodynamic parameters of perfusion, and its relationship to clinical outcome(Task 4) 

The main conclusion of task 2 states there is a significant and independent association between microvascular 
perfusion parameters PCD and PPC and the combined clinical endpoint of all-cause death and renal replacement 
therapy at 30-days follow-up (table 2). When disagreement occurs with macrohemodynamic parameters, 
microvascular perfusion parameters confer dominant prognostic value (figure 1, figure 2) 
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Table 1: Univariate and adjusted Cox-regression for the combined clinical endpoint (all-cause death or renal replacement therapy) 

Study population (N=66) 

univariate analysis Adjusted analysis* 

Variable HR (95%CI) P-value Variable HR (95%CI) P-value 

Macrocirculatory perfusion parameters  
(at admission)   

Macrocirculatory perfusion parameters  
(at admission)   

 Systolic blood pressure (mmHg) 0.985 (0.971 - 0.999) 0.031  Systolic blood pressure (mmHg) 0.999 (0.984 - 1.014) 0.927 

 Diastolic blood pressure (mmHg) 0.989 (0.968 - 1.010) 0.295  Diastolic blood pressure (mmHg) - - 

 Mean arterial pressure (mmHg) 0.984 (0.965 - 1.003) 0.096  Mean arterial pressure (mmHg) - - 

 Heart rate (beats/min) 1.006 (0.995 - 1.017) 0.260  Heart rate (beats/min) - - 
Macrocirculatory perfusion parameters 
(post PCI)   

Macrocirculatory perfusion parameters 
(post PCI)   

 Systolic blood pressure (mmHg) 0.976 (0.957 - 0.995) 0.015  Systolic blood pressure (mmHg) 0.987 (0.966 - 1.007) 0.205 

 Diastolic blood pressure (mmHg) 0.996 (0.968 - 1.023) 0.752  Diastolic blood pressure (mmHg) - - 

 Mean arterial pressure (mmHg) 0.982 (0.957 - 1.009) 0.192  Mean arterial pressure (mmHg) - - 

 Heart rate (beats/min) 1.011 (0.992 - 1.030) 0.254  Heart rate (beats/min) - - 
Microcirculatory perfusion  parameters  
(post PCI)   

Microcirculatory perfusion parameters  
(post PCI)   

 de Backer's score (1/mm) 0.892 (0.798 - 0.997) 0.043  de Backer's score (1/mm) 0.893 (0.787 - 1.013) 0.079 

 Total capillary density (mm mm-2) 0.928 (0.862 - 0.999) 0.046  Total capillary density (mm mm-2) 0.934 (0.862 - 1.011) 0.090 

 Perfused capillary density (mm mm-2) 0.949 (0.906 - 0.994) 0.028  Perfused capillary density (mm mm-2) 0.948 (0.901 - 0.997) 0.037 

 Proportion perfused capillaries (%) 0.989 (0.980 - 0.999) 0.026  Proportion perfused capillaries (%) 0.987 (0.976 - 0.998) 0.020 

  Microvascular flow index 0.701 (0.510 - 0.963) 0.028   Microvascular flow index 0.615 (0.425 - 0.890) 0.010 

*Adjusted for age, oliguria at admission, current smoking, mechanical circulatory support and duration of ICU treatment 

 

Figure 1: Clinical outcome according to normal vs abnormal microvascular perfusion (proportion perfused capillaries) 
for normotensive patients after cardiogenic shock complicated acute myocardial infarction. 
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Figure 2: Clinical outcome according to normal vs abnormale microvascular perfusion (perfused calippary density) in 
normotensinve patients after cardiogenic shock complicated acute myocardial infarction. 
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The main conclusion of task 3 states that the magnitude of microvascular perfusion is not affected by culprit-only 
PCI compared to immediate multivessel PCI in patients with cardiogenic shock complicated acute myocardial 
infarction. Therefore, the clinical benefit of a culprit-only revascularization strategy compared to a multivessel 
revascularization strategy cannot be explained by a benefit in microvascular perfusion by the former 
revascularization strategy in this subgroup analysis of the CULPRIT-SHOCK study (table 2).  
 
Table 2: Impact of culprit-only versus immediate multivessel PCI on systemic microvascular perfusion 

  Immediate multivessel PCI 
Culprit-only 
PCI  

  N=33 N=33 p-value 

Baseline characteristics    

 Age (years) 66±10 68±10 0.29 

 Male 25 (75.8) 19 (57.6) 0.18 

 cardiovascular risk factors  
  

 
 BMI 26.7 (24.2, 29.4) 

27.5 (25.6, 
29.6) 0.42 

 
 current smoking 15 (45.5) 8 (24.2) 0.55 

  hypertension 15 (45.5) 15 (45.5) 1.00 

  hypercholesterolemia 11 (33.3) 7 (21.2) 0.27 

 
 Diabetes mellitus 12 (36.4) 8 (24.2) 0.28 

 
 previous MI 6 (18.2) 4 (12.1) 0.49 

  previous PCI 9 (27.3) 2 (6.1) 0.02 

  previous CABG 4 (12.1) 1 (3.0) 0.16 

 
 previous stroke 0 (0.0) 3 (9.1) 0.08 

 
 Positive family history 3 (9.1) 5 (15.2) 0.48 

  peripheral artery disease 5 (15.2) 5 (15.2) 1.00 

 

signs of impaired organ perfusion on 
admission    

  altered mental status 18 (54.5) 22 (66.7) 0.31 

 
 cold, clammy skin and limbs 20 (60.6) 17 (51.5) 0.46 

 
 Oliguria 7 (21.2) 9 (27.3) 0.61 

 
 pH level <7.36 23 (69.7) 26 (78.8) 0.40 

  arterial lactate >2.0mm/liter 24 (72.7) 25 (75.8) 0.78 

 

ST-segment elevated myocardial 
infarction 20 (60.6) 18 (54.5) 0.61 

 Infarct-related artery  
  

 
 Left anterior descending artery 17 (51.5) 12 (36.4) 0.22 

  Left circumflex artery 9 (27.3) 11 (33.3) 0.59 

  Right coronary artery 7 (21.2) 8 (24.2) 0.77 

 
 Left main artery 0 (0.0) 2 (6.1) 0.15 

 Left ventricular ejection fraction, % 30 (20, 40) 40 (35, 50) 0.06 

 Two-vessel disease 11 (33.3) 17 (51.5) 0.14 

  Three-vessel disease  22 (66.7) 16 (48.5) 0.14 

Procedural characteristics  
 p-value 

 fibrinolysis <24 h before randomization 0 (0.0) 1 (3.0) 0.31 

 

Resuscitation <24 h before 
randomization 17 (51.5) 18 (54.5) 0.81 

 

Successful immediate complete 
revascularization  

23 (69.7) 
- - 

 Mechanical circulatory support 5 (15.2) 5 (15.2) 1.00 

 Catecholamine therapy 30 (90.9) 29 (87.9) 0.69 
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 Total dose of contrast material (ml) 240 (200, 330) 
150 (120, 
200) <0.01 

  
Total duration of fluoroscopy (min) 18.8 (11.2, 25.3) 

12.0 (6.0, 
15.7) <0.01 

Clinical outcomes   Breslow p 

 Death or renal replacement therapy 51.5% 45.5% 0.61 

 Death  48.8% 45.5% 0.96 

  Renal replacement therapy 18.8% 6.3% 0.14 

hemodynamic characteristics  
 p-value 

 Macro-hemodynamics (at admission)    

  Systolic blood pressure (mmHg) 102 (87, 132) 94 (86, 114) 0.29 

 
 Diastolic blood pressure (mmHg) 70 (55, 78) 62 (49, 77) 0.28 

 
 Mean arterial blood pressure 

(mmHg) 80 (67, 95) 
75 (61, 90) 

0.22 

  Heart rate (N/min) 87 (71, 98) 83 (66, 101) 0.62 

 

Microvascular perfusion parameters  
(post PCI) 

 
  

  de Backer score (n/mm) 11.5 (9.7, 13.0) 
12.2 (9.8, 
14.1) 0.48 

  TCD (mm mm-2) 18.0 (15.0, 19.5) 
18.7 (14.0, 
22.4) 0.64 

 
 PCD (mm mm-2) 

14.1 (7.9, 17.4) 
13.9 (10.1, 
21.2) 0.39 

 
 PPC (%) 

88.1 (44.3, 94.5) 
86.1 (65.8, 
93.5) 0.76 

    capillary MFI 2.3 (1.5, 3.0) 2.5 (1.5, 3.0) 0.68 

numbers are given in n(%), mean ± standard deviation, median (Q1, Q3) or % 

PCI=percutaneous coronary intervention, BMI-body mass index, MI=myocardial infarction, CABG=coronary artery 
bypass grafting, TCD=total capillary density, PCD=perfused capillary density, PPC=proportion perfused capillaries, 
MFI=microvascular flow index 

The main conclusion of task 4 states that automated assessment of microvascular perfusion parameters using the 
Microvision AVA4.1 software package of differs significant from manual assessment of microvascular perfusion 
parameters using the Microvision AVA3.2 software package. This difference is driven by an underestimation of the 
vessel length and total vessel density by the automated software package, while it overestimates the proportion 
perfused vessels (table 4). Moreover, patients with an abnormal PPC or PCD assessed manually post-PCI 
associated with a significant worse clinical outcome compared to patients with a normal PPC or PCD assessed 
manually post PCI (figure3a + b). In comparison, there was no difference in clinical outcome between patients 
abnormal versus normal PPC or PCD assessed with the automated software package post PCI (figure 4a + b).   
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Table 4: Automated versus manual assessment of microvascular perfusion 

  

Automated assessment of 
microvascular perfusion 

Manual assessment of 
microvascular perfusion 

p-value 

   N=98 N=98 
 

Density data    

 Vessel length (mm) 5.2 (3.7, 6.2) 11.7 (9.6, 13.1) <0.001 

 Number of grid crossings (N) 60 (54, 67) 56 (48, 63) 0.007 

 De Backer score 12.1 (11.0, 13.9) 12.2 (10.5, 14.4) 0.562 

 Total vessel density (mm/mm2) 8.3 (6.0, 10.4) 21.0 (17.9, 23.0) <0.001 

Perfusion data    

 Proportion perfused capillaries (%) 100 (100, 100) 91.7 (78.3, 98.4) <0.001 

 Proportion perfused all-vessels (%) 99.9 (96.0, 100) 92.8 (80.8, 98.5) <0.001 

 Perfused capillary density (mm/mm2) 6.1 (4.4, 8.2) 16.4 (11.6, 20.4) <0.001 

  Perfused all vessel-density (mm/mm2) 7.3 (5.5, 9.9) 18.6 (14.2, 22.4) <0.001 

numbers are given as median (quartile 1, quartile 3) 

 

Figure 3a: Clinical outcome of normal vs abnormal proportion perfused capillaries according manual assessment. 

 

Figure 3b: Clinical outcome of normal vs abnormal perfused capillary density according manual assessment. 
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Figure 4a: Clinical outcome of normal vs abnormal proportion perfused capillaries according automated assessment. 

 

 

Figure 4b: Clinical outcome of normal vs abnormal perfused capillary density according automated assessment. 
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WP06: Data management and statistical analysis 

▪ Objectives  

• Programming and providing an electronic CRF and electronic randomization system (Task 1) 

• Assure quality of data (Task 2) 

• Monitoring plan (Task 3) 

• On-site monitoring (Task 4) 

• Coordinate and perform statistical analyses (Task 5) 

 

Data management and statistical analysis have been performed leading to the two major publications in the New 
England Journal of Medicine. Multiple subanalyses for all the sub-trials have been performed or will be performed. 
Unfortunately, financial support ended and prolongation of the funding period was not possible. Therefore, multiple 
subanalyses need to be funded by other institutions. We are currently working on getting additional funding.   

WP07: Cost-effectiveness and health-economic analysis 

▪ Objectives  

• Design data collection to support the economic analysis (Task 1) 

• Develop statistical analysis plan for the economic data for pre-specification of the analyses to be 
performed (Task 2) 

• Develop a pre-trial model based on the literature review representing the state of the art (Task 3) 

• Update the economic model with data from the trial and present final analyses (Task 4) 

First, the use of a pre-trial model is a step forward with respect to the most extended practice in health economic 
evaluation. This approach enhanced the scientific quality by designing the analysis in advance of the availability of 
data. The pre-trial model was published in the peer-reviewed literature.15 

WP08: Predictive prognostic model and risk score 

▪ Objectives  
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The principal objective of WP08 was to create a model for the prediction of clinical prognosis in cardiogenic shock. 
The following specific objectives had been defined for WP08: 

• To develop a multivariable model for the prediction of clinical prognosis in AMI and cardiogenic shock by 
analysis of the patients enrolled in the CULPRIT-SHOCK trial and registry (Task 1) 

• To externally validate the prognostic model’s performance in a separate cohort of patients with acute 
myocardial infarction and cardiogenic shock (Task 2) 

• To develop an integer-based score to predict clinical outcome in cardiogenic shock secondary to AMI (Task 
3) 

One of the objectives of WP 08 was to create an easy-to-use, readily available risk prediction score for short-term 
mortality based on the multivariable logistic regression analysis described in the summary report on deliverable 
D8.02. Based on the regression analysis described in the summary report on deliverable D8.02 an integer-based 
score system was developed. Integers were chosen to be approximately proportional to the estimated continuous ß 
coefficient of each covariate from the logistic model. The overall score for each patient was calculated as the sum of 
the covariate weighted scores. Finally, risk categories were defined according to score results. 
The score was validated externally in an independent cohort of patients from the IABP-SHOCK II trial.[1] The IABP-
SHOCK II trial is a large-scale multicenter study of 600 patients with acute myocardial infarction and cardiogenic 
shock which randomized participants to intraaortic balloon pump counterpulsation (IABP group, 301 patients) or no 
IABP (control group, 299 patients). There was no significant difference in the primary endpoint of 30-day all-cause 
mortality between the groups. Both randomization groups of the IABP-SHOCK II trial and patients from an 
accompanying registry were combined for the purpose of external validation. 
Six variables emerged as independent predictors for 30-day mortality and were used as score parameters: 
 

1. Age >73 years 
2. Altered mental status 
3. Heart rate before percutaneous coronary intervention >100 beats per minute 
4. Systolic blood pressure at admission <100 mmHg 
5. Culprit lesion in left anterior descending 
6. TIMI (Thrombolysis In Myocardial Infarction) flow after percutaneous coronary intervention <3 
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Either 1 or 2 points were attributed to each variable, leading to an integer-based prognostic score in 3 risk categories: 
low (0 to 2), intermediate (3 to 5), and high (6 to 9) [Fig. 1 and 2]. Mortality at 30 days differed markedly according to 
score category (p<0.0001, Fig. 3). 
 
Fig. 1 Point score for prognostication in infarct-related cardiogenic shock 

 
Abbreviations: PCI=percutaneous coronary intervention; BP=blood pressure; LAD=left anterior descending; 
TIMI=Thrombolysis In Myocardial Infarction. 
 
Fig. 2 Risk grouping according to score result 

 
 
 
Fig. 3 All-cause mortality at 30 days according to score category (Kaplan-Meier analysis) 
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External validation of the derived score in the independent population of the IABP-SHOCK II study revealed a 
stepwise increase in mortality across the different score categories (0 to 2: 28.7%; 3-5: 40.8%; 6-9: 62.2%, 
p<0.0001). 
 
In summary, the CULPRIT-SHOCK risk score can be easily calculated in daily clinical practice and is strongly 
correlated with mortality in patients with infarct-related CS. It may help stratify patient risk for short-term mortality and 
might, thus, facilitate clinical decision making. 

1.4 The potential impact 

Socio-economic impact and the wider societal implications of the project 

Contribution to Community and Social Objectives 

Cardiogenic shock in patients with AMI is associated with extremely high mortality. Occluded or severely stenosed 
coronary vessels leading to critical levels of myocardial oxygen supply are usually causative for the acute onset of 
the disease (most often secondary to long-standing atherosclerosis). Mechanical treatment of such coronary lesions 
ideally followed by full restoration of epicardial and microcirculatory blood flow directly interferes with the underlying 
mechanism. It is therefore at present the most important treatment step as detailed above. However, the exact 
modalities of how to perform mechanical reperfusion were previously – before CULPRIT-SHOCK - largely left to the 
individual physicians. This was especially true for patients with AMI and cardiogenic shock who present with 
multivessel disease, the cohort studied in CULPRIT-SHOCK.  

Randomized data were practically non-existent and therefore the present situation was characterized by a distinct 
absence of clear scientific evidence. This was in large part attributed to the complexities of conducting randomized 
studies in this particular subset of patients. Both interventional strategies studied in the CULPRIT-SHOCK 
randomized cohort (culprit lesion only or immediate multivessel PCI) offered theoretical benefits as well as risks 
before the start of the trial. The interventional cardiologist was formerly left alone and found himself in the 
unsatisfactory and stressful situation of having to acutely decide on how to perform mechanical reperfusion in a 
patient with a life-threatening condition and no clear evidence-based guidance on how to and to what extent to do 
this. In the acute setting and faced with the dilemma of a lack of any sound scientific evidence to draw from, the 
treating physician usually formerly mainly made decisions based on personal experience. CULPRIT-SHOCK did 
clarified the way patients with AMI-related cardiogenic shock and multivessel disease should be revascularized. This 
has been largely underlined by two publications in the New England Journal of Medicine (both publications including 
the accompanying editorial attached to this final report.13,14,16,17 
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Even more important is the direct change in the ESC revascularization guidelines 2018. A trial which leads to 
a change in guidelines within less than a year after publication is very rare.  

The cost-effectiveness analysis and all subanalyses including the risk prediction model will provide valuable 
information for the medical decision making with respect to the optimal revascularization strategy for patients with 
multivessel disease complicated by cardiogenic shock. The choice of the optimal treatment will allow obtaining the 
maximum health output given the resources available by the European health systems. 

Main dissemination activities and exploitation of results  

At beginning of the project the clinical trial was registered and the protocols were published accordingly. Also the 
economic protocol was published including the pre-trial model.  

Over the duration of the CULPRIT-SHOCK project, the partners constantly presented their results on international 
scientific congresses and poster sessions. Furthermore, with emerging results scientific publications were submitted 
and further approximately 30 manuscripts will be submitted in order to inform the scientific community.  

In addition to the scientific publications, CULPRIT-SHOCK managed an own Twitter channel and informed via this 
channel over upcoming events, presentations on congresses or project news. Several partners, who also managed 
Twitter accounts had active dissemination activities via their own channels, e.g. the Health Economics and Health 
Technology Assessment (HEHTA) account. 

To also inform lay public, several partners took the opportunities to represent CULPRT-SHOCK in public 
engagement stands, e.g. the European Researchers Night organized by the Health Economics and Health 
Technology Assessment (HAHTA) team in Glasgow September 2016 and 2017. 

 

Outlook and future research  

Until recently there were no randomized data on how to deal with non-culprit lesions in the setting of cardiogenic shock. 
This lack of evidence has also been reflected by divergent recommendations in current international guidelines. The 
European ST-segment elevation acute myocardial infarction (STEMI) guidelines - published in 2017 - recommended 
immediate PCI of non-culprit lesions in cardiogenic shock (class IIb, C),11 whereas the American STEMI guidelines give 
no specific recommendation.18 However, American appropriate use criteria - also published in 2017 - consider 
immediate revascularization of a non-culprit artery during the same procedure as appropriate if cardiogenic shock 
persists after treatment of the culprit artery.19  

After publication of the randomized, multicenter Culprit Lesion Only PCI versus Multivessel PCI in Cardiogenic Shock 
(CULPRIT-SHOCK) trial, ESC guidelines have already been changed,20 but US guidelines and also US appropriate use 
criteria need to be reconsidered. To briefly recap, CULPRIT-SHOCK showed a significant clinical benefit of a culprit-
lesion-only strategy with a reduction in the primary endpoint of 30-day mortality or severe renal failure requiring renal 
replacement therapy (45.9% culprit-lesion-only PCI versus 55.4% immediate multivessel PCI group; relative risk 0.83; 
95% confidence interval 0.71-0.96; P=0.01) which was mainly driven by an absolute 8.2% reduction in 30-day mortality 
(43.3% versus 51.5%; relative risk 0.84; 95% confidence interval 0.72-0.98, P=0.03).14 

Are there specific situations where immediate multivessel PCI is still appropriate? 

The results of CULPRIT-SHOCK were consistent across all predefined subgroups. This included sex, all age groups, 
presence/absence of diabetes, presence/absence of hypertension, STEMI or non-ST segment elevation myocardial 
infarction, anterior/non-anterior STEMI, previous/no previous infarction, double/triple vessel disease, or 
presence/absence of chronic total occlusion (CTO). Intuitively, some angiographic subgroups, such as occluded right 
coronary artery culprit lesion with a concomitant high-grade proximal left anterior descending coronary artery or 
additional non-culprit subtotal lesions with TIMI flow 1 or 2, may call for immediate multivessel PCI. However, this is not 
supported by the predefined subgroup analysis where culprit-lesion-only PCI in non-anterior infarctions had a hazard 
ratio of 0.67 (95% confidence intervals 0.48–0.94). Additional analyses based on findings of the central angiographic 
core laboratory will be performed aiming to identify angiographic predictors of outcome. 

There were some cross-overs in the culprit-lesion-only PCI group to immediate multivessel PCI mainly based on 
individual decision of the interventionalist due to multiple reasons such as lack of hemodynamic improvement and 
plaque shifts. This suggests that the treatment strategy may require adaptation in certain circumstances. However, 
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cardiogenic shock after PCI of the culprit lesion persists in the catheterization laboratory in nearly all patients and should 
not be used as a decision to perform immediate multivessel PCI.  

Was there any influence of chronic total occlusion presence on outcome? 

It is well known that presence of a CTO is frequent in cardiogenic shock and associated with high mortality.21 
Therefore, CTO presence was not defined as an exclusion criterion in CULPRIT-SHOCK, which is different from all 
other STEMI trials without cardiogenic shock. This allowed for inclusion of a real-world cohort of patients. Exclusion 
of CTO would have led to a major selection bias and a lower-risk cohort. It was, therefore, also recommended to 
intervene on the CTO. However, technically CTO intervention needed to be deemed easily possible with a limit of 
contrast agent of 300 cc for the overall immediate multivessel PCI procedure. No retrograde or other complex 
interventional approaches were recommended. At least one CTO was present in 22.4% in the culprit-lesion-only arm 
and in 24.0% in the immediate multivessel PCI arm. In CULPRIT-SHOCK immediate CTO recanalization was 
attempted in roughly 50% of patients in the immediate multivessel PCI group and was successful in approximately 
one third of attempts. The results for the primary study endpoint were consistent for CTO presence or absence as 
shown in the predefined subgroup analysis (p-value for interaction 0.26). Thus, neither presence of CTO nor a CTO 
intervention did influence the overall outcome for both treatment strategies.  

Impact of staged revascularization and timing of staged revascularization? 

In contrast to many of the trials in STEMI without cardiogenic shock, in CULPRIT-SHOCK staged revascularization 
was encouraged and was not counted as a disadvantage for the culprit-lesion-only PCI strategy. In prior studies of 
stable STEMI patients, the differences between culprit-lesion-only PCI versus immediate multivessel PCI or early 
staged PCI were mainly driven by the difference in the rate of repeat revascularization, counted as part of a 
composite endpoint. In CULPRIT-SHOCK 21.5% of patients underwent staged or urgent repeat revascularization 
within 30-day follow-up. This rate appears to be higher as compared with stable STEMI revascularization strategy 
trials (COMPARE-ACUTE: 17.4% at 1-year follow-up; Complete versus Lesion-only Primary PCI trial [CvLPRIT]: 
8.2% at 1-year follow-up; Primary PCI in Patients With ST-elevation Myocardial Infarction and Multivessel Disease: 
Treatment of Culprit Lesion Only or Complete Revascularization [DANAMI-3-PRIMULTI]: 17% at 1-year follow-up; 
Preventive Angioplasty in Acute Myocardial Infarction [PRAMI]: 16% at 6-month follow-up) and might be related to 
the extent of coronary artery disease, the impaired left ventricular function and the nature of disease in cardiogenic 
shock. 

Currently, the optimal timing of staged revascularization has not been adequately investigated and no 
recommendation can be formulated in favor of a staged multivessel PCI during the index hospitalization, after 
discharge or at longer follow-up only in case of symptoms or signs of ischemia. In general, patients with cardiogenic 
shock require much longer hospitalization and often also neurologic rehabilitation because of previous resuscitation 
(>50% of patients in CULPRIT-SHOCK). Thus, timing and also the requirement for staged revascularization may 
differ in cardiogenic shock in comparison to non-shock patients.    

What are the reasons for the difference in outcome? 

The higher 30-day mortality in the immediate multivessel PCI arm in CULPRIT-SHOCK might be related to the 
significantly higher dose of contrast medium (190 cc versus 250 cc; p<0.001) and a subsequent decline in renal 
function. There was a lower estimated glomerular filtration rate in the immediate multivessel PCI group in comparison 
to culprit-lesion-only PCI at days 3 and 4. However, the incidence of severe renal failure leading to renal replacement 
therapy did not differ significantly (11.6% versus 16.4%; p=0.07). The higher dose of contrast medium in the 
immediate multivessel PCI group may have also led to acute left ventricular volume overload with a negative effect 
on myocardial function and recovery. In addition, the prolonged duration of the multivessel PCI procedure may be 
hazardous at a time when the patient is hemodynamically compromised, leading to potentially more bleeding and 
inflammation. Additional myocardial damage may also have been induced by PCI in stable lesions. Further 
subanalyses using biomarkers from the central core laboratory of renal function, inflammation, and myocardial 
damage as well as detailed angiographic analyses will be performed to elucidate potential underlying mechanisms 
for the difference in mortality. 
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Is Culprit-Lesion-Only PCI in Cardiogenic Shock Still Better  
at 1 Year?

Tom Adriaenssens, M.D., Ph.D., and Frans Van de Werf, M.D., Ph.D.

Cardiogenic shock occurs in approximately 5% 
of patients with an acute coronary syndrome — 
usually, but not always, after ST-segment eleva-
tion myocardial infarction. If a large amount 
of myocardial tissue has become ischemic or 
injured, pump failure and reduced blood flow 
to vital organs occur. Urgent percutaneous coro-
nary intervention (PCI) of the culprit lesion is 
currently the only therapy associated with a sig-
nificant decrease in mortality.1 No other inter-
vention with a device or pharmacologic agent 
has shown a significant benefit, and as a conse-
quence, mortality has plateaued at 50% in recent 
years. On angiography performed during the 
acute phase, clinically significant lesions are 
often found in nonculprit vessels, a finding as-
sociated with increased mortality.2 A logical 
consideration, therefore, is whether treatment of 
these lesions during the acute phase could lower 
mortality. However, in the randomized Culprit 
Lesion Only PCI versus Multivessel PCI in Cardio-
genic Shock (CULPRIT-SHOCK) trial, the rate of 
the primary end point of death or renal-replace-
ment therapy at 30 days was significantly lower 
with culprit-lesion-only PCI than with immedi-
ate multivessel PCI.3 These results led to a down-
grading of multivessel PCI to a class III B recom-
mendation in recent European guidelines.4

In this issue of the Journal, Thiele et al. report 
the 1-year outcomes of the trial.5 These data are 
important, since it could be assumed that multi-
vessel PCI, although harmful in the acute phase, 
may ultimately result in a long-term benefit. 
However, no significant difference in mortality 
or in the rate of recurrent myocardial infarction 

or renal-replacement therapy was found between 
the two approaches at 1 year. Not unexpectedly, 
more repeat revascularization procedures had to 
be performed in the culprit-lesion-only PCI group 
than in the multivessel PCI group (in 32.3% of 
the patients vs. 9.4%). In an exploratory land-
mark analysis, mortality was lower in the culprit-
lesion-only PCI group during the first 30 days 
and was similar in the two groups between 30 
days and 1 year. Thus, the 1-year outcomes show 
that culprit-lesion-only PCI with the option of 
staged revascularization afterward did not in-
crease long-term mortality.

A somewhat surprising finding of the trial is 
the higher rate of rehospitalization for heart fail-
ure with the culprit-lesion-only approach than 
with multivessel PCI (5.2% vs. 1.2%). One expla-
nation is that the higher rate of complete revas-
cularization in the multivessel PCI group could 
have led to better left ventricular function at 
long-term follow-up. An alternative explanation, 
which was also put forward by the authors and 
supported by their landmark analysis, is that the 
culprit-lesion-only approach saved patients who 
would have died during the acute phase if they 
had received multivessel treatment, but those pa-
tients survived with poor left ventricular function 
and were at high risk for subsequent heart 
failure. A similar observation has been made in 
placebo-controlled trials with thrombolytic agents.6 
Taken together, the results of the CULPRIT-
SHOCK trial indicate that urgent revasculariza-
tion of the culprit vessel by immediate PCI, which 
results in better perfusion of the jeopardized 
myocardium, is the key beneficial treatment to 
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offer to patients who are in cardiogenic shock. 
The 1-year outcomes of the trial do not provide 
arguments to change (again) the guideline rec-
ommendations.

What can be done to further lower mortality 
in patients with cardiogenic shock? Shortening 
the time from symptom onset to PCI by stream-
lining prehospital care is the most important 
measure that can be taken, since the benefit of 
immediate revascularization is critically depen-
dent on time. A large registry study showed that 
every 10 minutes of treatment delay resulted in 
3.3 additional deaths per 100 patients who had 
cardiogenic shock and were treated with early 
PCI.7 Since substantial delays may occur before 
a patient gets to the catheterization laboratory, 
immediate administration of a thrombolytic agent 
should be considered in high-risk patients with 
acute ST-segment elevation myocardial infarction 
who cannot undergo immediate PCI, in order to 
reduce the risk of development of cardiogenic 
shock. The results of a recent meta-analysis that 
compared pharmacoinvasive treatment with stan-
dard primary PCI support this strategy.8

Are no further improvements in outcomes 
possible for patients who present with cardio-
genic shock? Since inotropic and vasopressor 
agents are insufficient to interrupt the down-
ward spiral of organ damage, hopes are set on 
circulatory-support devices. However, Thiele et al. 
have already shown that the use of an intraaortic 
balloon pump did not lower mortality.9 Other 
percutaneously inserted or surgically implanted 
left ventricular assist devices provide more pow-
erful hemodynamic support, but the use of such 
devices has not been associated with a decrease 
in mortality thus far.10 Venoarterial extracorpo-
real membrane oxygenation is an attractive alter-
native option that is being used increasingly at 
tertiary care centers and will be tested for the 

first time in a large randomized trial of more 
than 400 patients (EURO-SHOCK). Since all these 
invasive interventions are expensive and their 
associated outcomes uncertain, we should not 
forget the key message of the CULPRIT-SHOCK 
trial: emergency revascularization in acute myo-
cardial infarction with cardiogenic shock should 
be kept simple.

Disclosure forms provided by the authors are available with 
the full text of this editorial at NEJM.org.

From the Department of Cardiovascular Sciences, University of 
Leuven, Leuven, Belgium. 
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Back to the Future in Cardiogenic Shock — Initial PCI  
of the Culprit Lesion Only

Judith S. Hochman, M.D., and Stuart Katz, M.D.

Approximately 5 to 10% of cases of acute myo-
cardial infarction are complicated by cardiogenic 
shock, which is associated with early mortality 
of 40 to 50%.1 Nearly two decades ago, the SHOCK 
(Should We Emergently Revascularize Occluded 
Coronaries for Cardiogenic Shock) trial established 
that mortality was lower with emergency revascu-
larization than with initial medical stabilization 
and selective delayed revascularization in patients 
with ST-segment elevation myocardial infarction 
(STEMI).2,3 In the SHOCK trial, percutaneous 
coronary intervention (PCI) of the culprit lesion 
only was the most common therapy for initial 
revascularization. Although more complete revas-
cularization might have been expected to have an 
increased benefit, the small subgroup that un-
derwent initial multivessel PCI had higher mor-
tality than the subgroup that underwent culprit-
lesion-only PCI (adjusted hazard ratio, 2.75; 95% 
confidence interval [CI], 1.05 to 7.25; P = 0.04).4 
A meta-analysis of 10 cohort studies, which in-
cluded a total of 6051 patients with cardiogenic 
shock, also showed higher early mortality with 
multivessel PCI than with culprit-lesion-only PCI 
(37.5% vs. 28.8%, P = 0.001).5

Although these results were highly confound-
ed, they led to reevaluation of the recommenda-
tion to consider initial multivessel PCI in patients 
with cardiogenic shock. Thiele and colleagues 
report the results of the CULPRIT-SHOCK (Cul-
prit Lesion Only PCI versus Multivessel PCI in 
Cardiogenic Shock) trial, which was a random-
ized trial that compared culprit-lesion-only PCI 
with immediate PCI of all obstructive lesions 
(i.e., those with >70% stenosis of the diameter) 
in patients who had STEMI or non–ST-segment 

elevation myocardial infarction (NSTEMI) with 
cardiogenic shock.6 In the multivessel PCI group, 
recanalization of chronic total occlusions was 
performed when possible, and complete revascu-
larization was achieved in 81.0% of the patients. 
Staged revascularization was performed in 17.7% 
of the patients in the culprit-lesion-only PCI group, 
and the crossover rate was relatively low (12.5% in 
the culprit-lesion-only PCI group and 9.4% in the 
multivessel PCI group). Therefore, there was a large 
difference between the two groups in the rate of 
early and overall revascularization.

The major finding was that the risk of the 
primary end point of death or severe renal fail-
ure leading to renal-replacement therapy was 
higher with immediate multivessel PCI than with 
culprit-lesion-only PCI. The results were similar for 
death from any cause (relative risk, 0.84; 95% CI, 
0.72 to 0.98; P = 0.03) and were consistent across 
prespecified subgroups, including subgroups de-
fined according to the presence or absence of a 
chronic total occlusion. The trial was well exe-
cuted, which is a remarkable accomplishment in 
this population. Only one participant was lost to 
follow-up. The consistent risk estimates for the 
primary end point in the intention-to-treat, per-
protocol, and as-treated analyses support the 
robustness of the findings.

The CULPRIT-SHOCK trial provides compelling 
evidence that a strategy of culprit-lesion-only PCI is 
preferred over initial multivessel PCI for patients 
with cardiogenic shock. These findings are dis-
cordant with the results of a meta-analysis of 
randomized trials that included patients with 
uncomplicated STEMI, which showed a lower rate 
of a composite of death or myocardial infarction 
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with initial multivessel PCI than with culprit-lesion-
only PCI.7 These disparate findings suggest that 
patients with cardiogenic shock may be at an 
increased risk for adverse outcomes during com-
plex multivessel PCI procedures. The potential 
mechanisms of this increased risk remain spec-
ulative; in the CULPRIT-SHOCK trial, data on 
left ventricular function and hemodynamic sta-
tus were not collected and the large initial in-
crease in markers of cardiac injury may have 
obscured evidence of PCI-related myocardial in-
farction. Increased platelet reactivity due to cat-
echolamine therapy and the inflammatory and 
prothrombotic effects of cardiogenic shock may 
increase the risk of ischemia or infarction dur-
ing PCI of nonculprit arteries, with further dete-
rioration of ventricular-pump function.1 More 
manipulation of the catheter during multivessel 
PCI than during culprit-lesion-only PCI may also 
have contributed to numerically higher risks of 
renal failure and death due to brain injury. Re-
cent and future advances in PCI technique and 
periprocedural management might reduce the 
risk of adverse outcomes associated with multi-
vessel PCI in patients with cardiogenic shock; 
however, such advances would probably not lead 
to superiority of multivessel PCI over culprit-lesion-
only PCI, even with respect to long-term outcomes, 
because most deaths due to cardiogenic shock oc-
cur within 30 days after myocardial infarction 
and are caused by pump failure, not recurrent 
myocardial infarction.

Despite major advances in PCI technique and 
antithrombotic pharmacology during the approx-
imately 20 years between the SHOCK trial and the 
CULPRIT-SHOCK trial, 30-day mortality among 
patients who underwent initial culprit-lesion-
only PCI was nearly identical in the two trials 
(approximately 45%).2,6 Additional trials are war-
ranted to test strategies that may further reduce 
mortality. Coronary-artery bypass grafting (CABG) 
is an alternative method of multivessel revascu-
larization that is used infrequently in the clinical 
management of cardiogenic shock and among 
patients in the CULPRIT-SHOCK registry.6,8 The 
protocol for the SHOCK trial recommended di-
rect emergency CABG for severe multivessel dis-
ease or disease of the left main coronary artery 
among patients who were assigned to undergo 
early revascularization. In the SHOCK trial, the 
method of revascularization was selected on the 
basis of investigator judgment (initial PCI was 

performed in 64%, and initial CABG in 36%).2,4 
Although disease of the left main coronary ar-
tery and three-vessel disease were more common 
and the prevalence of diabetes was two times as 
high among patients who underwent CABG than 
among those who underwent culprit-lesion-only 
PCI, survival did not differ significantly between 
the two groups. These data from a nonrandom-
ized sample support further investigation of out-
comes associated with initial revascularization 
with CABG in patients with cardiogenic shock.

During cardiogenic shock, the onset of sys-
temic hypoperfusion in response to ischemic 
cardiac injury induces a detrimental cascade of 
proinflammatory signaling, vasomotor dysregu-
lation, multisystem organ failure, and death.1 To 
date, interventions that have been targeted to 
enhance systemic perfusion in patients with 
cardiogenic shock have not yielded the antici-
pated benefits with respect to clinical outcomes. 
Routine use of an intraaortic balloon pump does 
not improve outcomes,9 and small trials of per-
cutaneous mechanical circulatory support have 
not yielded encouraging findings.1 Venoarterial 
extracorporeal membrane oxygenation (ECMO) 
is a potentially attractive alternative and is in-
creasingly being used to preserve organ perfu-
sion and prevent multisystem organ dysfunction 
in patients with cardiogenic shock.10 In the 
CULPRIT-SHOCK trial, the rates of ECMO use and 
of death due to brain injury (a known complica-
tion of ECMO) were numerically higher in the 
multivessel PCI group than in the culprit-lesion-
only group. ECMO for cardiogenic shock should 
be subjected to the same rigorous randomized 
clinical-trial methodology that was used by Thiele 
et al. in the CULPRIT-SHOCK trial.

Disclosure forms provided by the authors are available with 
the full text of this editorial at NEJM.org.
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2) Participating Investigators and Trial Committees 

The following investigators and institutions participated in the CULPRIT-SHOCK trial:  

Steering Committee: Holger Thiele (principal investigator and chair), Heart Center Leipzig – 

University Hospital, Leipzig, Germany; Steffen Desch, Heart Center Leipzig – University 

Hospital, Leipzig, Germany; Uwe Zeymer, Klinikum Ludwigshafen and Institut für 

Herzinfarktforschung, Ludwigshafen, Germany; Gilles Montalescot, ACTION group, Paris, 

France; Jan J. Piek, Academic Medical Center, Amsterdam, The Netherlands; Patrizia 

Torremante, ARTTIC, Munich, Germany.  

Project Management: Patrizia Torremante, ARTTIC, Munich, Germany; Roza Meyer-Saraei, 

University Hospital Schleswig-Holstein, Lübeck, Germany.  

Clinical Endpoints Committee: Ulrich Tebbe (chair), Detmold, Germany; Jochen Wöhrle, 

University of Ulm, Germany; Otmar Pachinger, University of Innsbruck, Innsbruck, Austria. 

Data Monitoring: Institut für Herzinfarktforschung, Ludwigshafen, Germany: Clemens Busch 

(chair); Nathalie Pfeiffer. 

Data Management: Institut für Herzinfarktforschung, Ludwigshafen, Germany: Alexander 

Neumer, Clemens Busch, Nathalie Pfeiffer.  

Data Coordination and Analysis: Institut für Herzinfarktforschung, Ludwigshafen, Germany: 

Steffen Schneider (chair statistics); Taoufik Ouarrak (statistics), Thomas Riemer (statistics), 

Christiane Lober (statistics), Matthias Hochadel (statistics).  

Data Safety Monitoring Board: Peter Clemmensen, MD (chair), Universitäres Herzzentrum 

Hamburg, Hamburg, Germany; Ferenc Follath, MD, University of Zurich, Zurich, Switzerland; 

Karl Wegscheider, Universitätsklinikum Hamburg-Eppendorf, Hamburg, Germany. 

Angiographic Core Laboratory Committee (ACLC) at the ACTION Study Group (Paris, 

France): Dr O. Barthélémy (chair), Dr. M. Zeitouni, Dr. P. Overtchouk, Dr P. Guedeney, Dr. G. 

Hage, Dr. Hauguel-Moreau. 

Study sites and hospitals:  

Germany; national coordinator: Holger Thiele, Leipzig 
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University Heart Center Luebeck, Germany: Georg Fuernau, Ingo Eitel, Roza Meyer-Saraei, 

Suzanne de Waha: 58 patients and 36 registry patients; Heart Center Leipzig – University of 

Leipzig, Germany: Holger Thiele, Steffen Desch, Marcus Sandri, Sabrina Weinschenk: 70 

patients and 50 registry patients; Universitätsmedizin Mannheim, Mannheim, Germany: Ibrahim 

Akin, Martin Borggrefe: 75 patients and 5 registry patients; Heart Center Bad Krozingen, Bad 

Krozingen, Germany: Franz-Josef Neumann, Miroslaw Ferenc: 9 patients and 9 registry 

patients; Asklepios Klinik Langen, Langen, Germany: Hans-Gerd Olbrich, Hans-Bernd Hopf: 4 

patients and 1 registry patient; German Heart Center Munich, Munich, Germany: Adnan 

Kastrati, Antoinette de Waha, Heribert Schunkert: 1 patient and 0 registry patients; Heart 

Center - Segeberger Kliniken, Bad Segeberg, Germany: Gert Richardt, Bettina Schwarz, 

Mohamed Abdel-Wahab, Ralph Toelg, Volker Geist, Monika Bahnsen-Maaß: 6 patients and 2 

registry patients; SLK Kliniken Heilbronn, Heilbronn, Germany: Marcus Hennersdorf, Jochen 

Graf, Urs Riemann, Dominik Scharpf: 3 patients and 0 registry patients; University of 

Greifswald, Greifswald, Germany: Klaus Empen, Mathias C Busch, Stephan B. Felix: 15 

patients and 4 registry patients; Martin-Luther-University Halle-Wittenberg, Halle (Saale), 

Germany: Karl Werdan, Sebastian Nuding: 6 patients and 0 registry patients; Klinikum Links 

der Weser, Bremen, Germany: Rainer Hambrecht, Andreas Fach, Eduard Fiehn: 25 patients 

and 11 registry patients; Heart Center Ludwigshafen, Ludwigshafen, Germany: Uwe Zeymer, 

Anselm K. Gitt, Bernd Mark, Ralph Winkler: 9 patients and 15 registry patients; Zentralklinik 

Bad Berka, Bad Berka, Germany: Bernward Lauer: 1 patient and 0 registry patients; Friedrich-

Schiller University Jena, Jena, Germany: Sven Möbius-Winkler, Christian Schulze: 12 patients 

and 1 registry patient; Klinik Hennigsdorf, Hennigsdorf, Germany: Hans-Heinrich Minden: 5 

patients and 4 registry patients; Otto-von-Guericke-University Magdeburg: Rüdiger C. Braun-

Dullaeus, Alexander Schmeißer: 2 patients and 5 registry patients; Heart Center Dresden, 

Dresden, Germany: Ruth H. Strasser, Bernd Ebner: 3 patients and 0 registry patients; 

Universitätsklinikum Würzburg, Würzburg, Germany: Georg Ertl, Peter Nordbeck: 51 patients 

and 11 registry patients; Hospital München – Neuperlach: Harald Mudra, Martin Hug: 4 patients 

and 0 registry patients; Universitätsklinikum Regensburg, Regensburg, Germany: Dierk 
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Endemann, Lars Maier: 9 patients and 8 registry patients; Charité Berlin Campus Benjamin 

Franklin, Berlin, Germany: Ulf Landmesser, Carsten Skurk: 24 patients and 0 registry patients; 

Kerckhoff Klinik Bad Nauheim, Bad Nauheim, Germany: Christian Hamm, Claudia Walther, 

Christoph Liebetrau: 7 patients and 0 registry patients; Helios Klinikum Erfurt, Erfurt, Germany: 

Harald Lapp, Niels Menck: 22 patients and 8 registry patients; Ludwigs-Maximilian University 

Munich – Hospital Großhadern: Julinda Mehilli, Martin Orban, Jörg Hausleiter, Steffen 

Massberg: 12 patients and 8 registry patients; Carl-von-Basedow-Klinikum Merseburg, 

Merseburg, Germany: Roland Prondzinsky: 2 patients and 0 registry patients; Klinikum Lippe-

Detmold, Detmold, Germany: Ulrich Tebbe, Stephan Gielen: 1 patient and 10 registry patients; 

Universitätsklinikum Tübingen, Tübingen, Germany: Meinrad Gawaz, Tobias Geisler: 26 

patients and 0 registry patients; Klinikum Nürnberg, Nürnberg, Germany: Matthias Pauschinger, 

Fadil Ademaj: 12 patients and 0 registry patients; Universitäts-Herzzentrum Freiburg, Freiburg, 

Germany: Christoph Bode: 11 patients and 2 registry patients; Universitätsklinikum Bonn, 

Bonn, Germany: Georg Nickenig: 9 patients and 0 registry patients; Universitätsklinikum 

Frankfurt am Main; Frankfurt am Main, Germany: Stephan Fichtlscherer, Andreas Zeiher: 8 

patients and 0 registry patients; Asklepios Klinik Hamburg Barmbek, Hamburg, Germany: 

Achim Viertel: 7 patients and 8 registry patients; Universitätsklinikum Düsseldorf, Düsseldorf, 

Germany: Malte Kelm, Christian Jung: 7 patients and 2 registry patients; Universitäres 

Herzzentrum Hamburg, Hamburg, Germany: Peter Clemmensen, Carsten Sydow, Mahir 

Karakas: 6 patients and 0 registry patients; Herzzentrum Uniklinik Köln, Cologne, Germany: 

Volker Rudolph, Stephan Baldus: 6 patients and 0 registry patients; Universitätsmedizin 

Göttingen; Klinik für Kardiologie und Pneumologie, Göttingen, Germany: Claudius 

Jacobshagen, Gerd Hasenfuß: 4 patients and 6 registry patients; Universitätsklinikum Leipzig, 

Leipzig, Germany: Dietrich Pfeiffer: 4 patients and 0 registry patients; Marienhospital Neuwied, 

Neuwied, Germany: Björn Buchter, Burkhard Hügl: 3 patients and 2 registry patients; 

Universitätsklinikum Giessen, Giessen, Germany: Holger Nef, Oliver Dörr, Christian Hamm: 2 

patients and 0 registry patients; Helios Kreiskrankenhaus Gotha, Gotha, Germany: Karsten 

Reinig: 2 patients and 0 registry patients; Asklepios Klinik St. Georg, Hamburg, Germany: Karl-
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Heinz Kuck, Alexander Ghanem: 1 patient and 0 registry patients; Universitätsklinikum 

Heidelberg, MED III, Heidelberg, Germany: Hugo Katus: 1 patient and 0 registry patients; 

Universitätsmedizin der Johannes Gutenberg-Universität Mainz, Mainz, Germany: Tommaso 

Gori, Thomas Münzel: 1 patient and 0 registry patients; Klinikum Coburg, II. Medizinische 

Klinik, Kardiologie, Coburg, Germany: Steffen Schnupp, Johannes Brachmann: 0 patients and 

3 registry patients; HSK Kliniken Wiesbaden, Wiesbaden, Germany: Markus Ferrari: 0 patients 

and 2 registry patients; Universitätsklinikum Erlangen, Erlangen, Germany: Stephan 

Achenbach: 0 patients and 2 registry patients. 

France; national coordinator: Gilles Montalescot, Paris 

Institut de Cardiologie - Hôpital Pitié-Salpêtrière, Paris, France: Gilles Montalescot 15 patients 

and 2 registry patients; Hôpital de Rangueuil-Toulouse, Toulouse, France: Didier Carrié: 9 

patients and 3 registry patients; Hôpital Lariboisière- Paris, Paris, France: Patrick Henry, 

Stephane Manzo-Silberman: 4 patients and 5 registry patients; CHU Caremeau – Nimes, 

Nimes, France: Bertrand Ledermann, Guillaume Cayla; 2 patients and 0 registry patients; 

Hospital de la Timone, Marseille, France: Jean-Louis Bonnet: 2 patients and 0 registry patients. 

Switzerland; national coordinator: Stefan Windecker, Bern 

Inselspital Bern - Universitätsklinik für Kardiologie, Bern, Switzerland: André Frenk, Stephan 

Windecker: 5 patients and 3 registry patients; Universitätsspital Basel, Basel, Switzerland: 

Raban Jeger: 4 patients and 0 registry patients; CHUV - Service de cardiologie, Lausanne, 

Switzerland; Eric Eeckhout: 1 patient and 0 registry patients. 

The Netherlands; national coordinator: Jan J. Piek, Amsterdam 

University Hospital of Amsterdam, Amsterdam, The Netherlands: Jan J. Piek, Jose P. 

Henriques: 16 patients and 16 registry patients; Erasmus MC Rotterdam, Rotterdam, The 

Netherlands: Robert-Jan Van Geuns; 7 patients and 0 registry patients; University Medical 

Center Utrecht, Utrecht, The Netherlands: Michiel Voskuil; 1 patient and 7 registry patients; 

Haga Ziekenhuis Den Haag, Den Haag, The Netherlands: M. Bax; 0 patients and 2 registry 

patients; University Medical Center Groningen, Groningen, The Netherlands: Pim van der 

Harst: 0 patients and 2 registry patients. 



 7 

Slovenia; national coordinator: Marko Noc, Ljubljana 

University medical centre Ljubljana, Ljubljana, Slovenia: Marko Noc, Tomaž Goslar: 16 patients 

and 7 registry patients.  

Lithuania; national coordinator: Pranas Serpytis, Vilnius 

Vilnius University Hospital Santaros Klinikos; Vilnius, Lithuania; Faculty of Medicine, Vilnius 

University: Pranas Serpytis, Rokas Serpytis: 13 patients and 11 registry patients; Klaipeda 

Seamen Hospital Klaipėda, Lithuania: Dalia Jarasuniene: 1 patient and 0 registry patients.  

Belgium; national coordinator: Christiaan Vrints, Antwerp 

Universitair Ziekenhuis Antwerpen Cardiologie, Edegem, Belgium: Christiaan Vrints: 3 patients 

and 7 registry patients.  

Austria; national coordinator: Kurt Huber, Vienna 

Wilheminenspital Kardiologie-Wien, Wien, Austria: Kurt Huber: 5 patients and 8 registry 

patients; Medizinische Universität Wien, Wien, Austria: Irene Marthe Lang, Philipp Pichler: 5 

patients and 0 registry patients; Krankenanstalt Rudolfstiftung Wien, Wien, Austria: Franz 

Weidinger: 0 patients and 2 registry patients; Universitätsklinikum Innsbruck, Innsbruck, 

Austria: Marc-Michael Zaruba: 2 patients and 0 registry patients. 

Poland; national coordinator: Janina Stepinska; Warsaw 

II Klinika Kardiologii, Uniwersytet Jagielloński, Krakow, Poland: Darius Dudek, Rafal Depukat: 

10 patients and 2 registry patients; Instytut Kardiologii – Warszawa, Warszawa, Poland: Janina 

Stepinska, Adam Witkowski: 3 patients and 1 registry patient; X Oddział Kardiologii Inwazyjnej, 

Tychy, Poland: Krzysztof Milewski: 2 patients and 1 registry patient; IV Oddział Kardiologii 

Inwazyjnej, PAKS, Kedzierzyn-Kozle, Poland: Janusz Prokopczuk: 2 patients and 0 registry 

patients; III Katedra i Oddział Kliniczny Kardiologii ŚAM Zabrze, Zabrze, Poland: Mariusz 

Gąsior: 1 patient and 2 registry patients; II Oddział Kardiologiczny PAKS, Bielsko-Biala, 

Poland:: Bogdan Gorycki: 1 patient and 0 registry patients; Zakład Kardiologii Inwazyjne – 

Katowice, Katowice-Ochojec, Poland: Andrzej Ochała: 0 patient and 1 registry patient. 

Italy; national coordinator: Stefano Savonitto; Lecco 
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Manzoni Hospital, Lecco, Italy: Luigi Piatti: 1 patient and 14 registry patients; Ospedale G.B. 

Morgagni, Forlì, Italy: Marcello Galvani: 1 patient and 5 registry patients; Ospedale Niguarda 

Ca' Granda, Milano, Italy: Irene Bossi: 0 patients and 3 registry patients; IRCCS Arcispedale S. 

Maria Nuova, Reggio Emilia, Italy: Gianluca Pignatelli: 0 patients and 2 registry patients.  

United Kingdom; national coordinator: Keith Oldroyd, Glasgow 

Golden Jubilee National Hospital, Glasgow, United Kingdom: Keith Oldroyd; Colin Berry: 10 

patients and 6 registry patients; Leeds General Infirmary, Leeds, United Kingdom: John 

Greenwood: 11 patients and 18 registry patients; Royal Free Hospital London, London, United 

Kingdom; Tim Lockie: 7 patients and 19 registry patients. Royal Stoke University Hospital, 

Stafford, United Kingdom; Mamas Mamas: 0 patients and 4 registry patients.  
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3) Trial Registration 
 

This trial is registered with www.ClinicalTrials.gov: NCT01927549. The time of final approved 

trial registration was August 14th 2013. First patient inclusion was April 15th 2013 at the Heart 

Center Leipzig – University Hospital, Leipzig, Germany.  

Thus, there was a delay between first patient inclusion and trial registration which was due to 

a misunderstanding between the project coordination for the EU grant (at this time gabo:mi, 

later on ARTTIC) and the clinical project coordination at the investigator's site at the Heart 

Center Leipzig - University of Leipzig. According to initial communication registration should 

have been performed by gabo:mi. When the study coordinator recognized that it had not 

been performed we immediately registered it at clinicaltrials.gov. At this time only 13 patients 

at the Heart Center Leipzig – University Hospital (and no other study site) had been included 

into the trial. 

 
  

http://www.clinicaltrials.gov/
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4) Informed Consent Process in Participating Countries 
 
Informed consent in cardiogenic shock is generally difficult because the majority of patients is 

intubated and mechanically ventilated or show altered mental status. Therefore, a dedicated 

informed consent process was applied and approved by the ethical committees (slightly 

differing between the participating countries).  

The informed consent process in the participating countries is shown below: 

 

 Country Informed consent procedure 
 

Germany 

4 different informed consent forms: 
1. Patient is unable to consent: 2 independent physicians assess patient’s 
will (if possible by contact with relatives) 
2. Patient is only partly able to consent: short version of informed consent 
3. Patient is able to consent: long version of informed consent  
4. Patient stabilizes: retrospective long version of informed consent 
This process was only different for centers of the ethical committee of the 
Landesärztekammer Rheinland-Pfalz where only version 1. was allowed. 

Austria 
2 different informed consent forms: 
1. Patient is able to consent  
2. Patient is not able to consent 

Switzerland 

4 different informed consent forms: 
1. Patient is unable to consent: 2 independent physicians assess patient’s 
will (if possible by contact with relatives) 
2. Patient is only partly able to consent: short version of informed consent 
3. Patient is able to consent: long version of informed consent  
4. Patient stabilizes: retrospective long version of informed consent 

Italy 

2 different informed consent forms: 
1. Short version 
2. Extended version 
Italy by law was not allowed to enter patients into the randomized clinical trial 
if the patient was unable to consent. In this case, patients entered the 
registry.  

Belgium 

4 different informed consent forms: 
1. Patient is unable to consent: 2 independent physicians assess patient’s 
will (if possible by contact with relatives) 
2. Patient is only partly able to consent: short version of informed consent 
3. Patient is able to consent: long version of informed consent  
4. Patient stabilizes: retrospective long version of informed consent 

Poland 

4 different informed consent forms: 
1. Patient is unable to consent: 2 independent physicians assess patient’s 
will (if possible by contact with relatives) 
2. Patient is only partly able to consent: short version of informed consent 
3. Patient is able to consent: long version of informed consent  
4. Patient stabilizes: retrospective long version of informed consent 

Slovenia 

The  informed  consent  procedure  in  Slovenia  requires  no  consent  prior  
to  randomization. Patients need to sign consent only after they have 
regained the ability to consent after the procedure and in case of survival. 
Thus, there is only one patient informed consent version.  
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Lithuania 
The  informed  consent  procedure  in  Lithuania  requires  the  consent  of  
two  physicians  and  an independent third person in case the patient is not 
able to consent. 

United 
Kingdom 

The informed consent procedure in Scotland differs from the process 
applicable e.g. in Germany. A relative must be informed and provide consent 
for patients not capable of providing own consent. If a patient survives, 
further consent is not mandatory, but desirable. Thus, a short form with the 
consent of a relative is sufficient.  
 
The  informed  consent  procedure  in  the  UK  without Scotland requires  
two  physicians  to  consent  in representation of the patient, in case he or 
she lacks the capacity to consent. In this case, the patient has to be 
consented retrospectively. Capable patients are first consented using a short 
form prior to randomization and a long form after recovery to full consent. 

France 

The informed consent procedure in France requires a third person to consent 
in addition to the treating physician in case of a patient’s inability to consent.  
In this case, patients need to sign consent after they have regained the 
ability to consent after the procedure and in case of survival. 

The 
Netherlands 

The  informed  consent  procedure  in  the  Netherlands  requires  no  
consent  prior  to randomization.  Patients  need  to  sign  consent  only  after  
they  have  regained  the  ability  to consent after the procedure and in case 
of survival. Thus, there is only one patient informed consent version.  
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5) Outcome Definitions 
  
Death 
Death of all cause.   
 
Death cardiovascular  
Death due to cardiovascular causes, such as heart failure, cardiac arrhythmias, myocardial 
infarction, sudden cardiac death or all deaths of unknown cause. 
 
Severe renal failure requiring renal replacement therapy 
Any indication for renal replacement therapy such as dialysis, hemofiltration or 
hemodiafiltration such as renal failure with one of the following criteria: 

- Otherwise untreatable volume overload 
- hyperpotassemia (>6.0 mmol/L) 
- severe uremia (BUN >50 mg/dL or >8.4 mmol/L) 
- persistent severe metabolic acidosis (pH <7.2) 

 
Myocardial reinfarction  
The definition of myocardial reinfarction in the CULPRIT-SHOCK trial is based on the 
universal definition of myocardial infarction.1 Thus, myocardial reinfarction is defined 
according to the specific situation (see Table 4). 

Re-MI 

<24 h 

Re-MI 

24 h – 7 days 

Re-MI 

>7 days 

Symptoms, such as angina pectoris 
for ≥20 minutes, most likely due to 
myocardial ischemia  
and or  
new ST-elevation ≥1 mm in ≥2 
contiguous leads or new left bundle 
branch block 
or 

angiographic evidence of re-
occlusion of a previously open 
coronary artery or graft 

Symptoms, such as angina pectoris 
for ≥20 minutes, most likely due to 
myocardial ischemia  
and or  
if cardiac markers are still elevated, 
new increase >20%  from the last 
non-normalized measurement 
or 

if cardiac markers are normalized, 
application of the “universal 
definition” for myocardial infarction  
 (see next column) 
 
 
 
 
 
 
 
 
 
 
 

“Universal definition” for myocardial 
infarction  
 
1. Rise and/or fall of cardiac 

biomarkers above the 99
th
 

percentile of the upper reference 
limit together with evidence of 
myocardial ischemia with at least 
one of the following: 

     Symptoms of ischemia 

 ECG changes indicative of 
new ischemia 

 Development of pathological 
Q waves in ECG 

 Imaging evidence of new loss 
of viable myocardium or new 
regional wall motion 
abnormality 

2. Sudden, unexpected cardiac 

death with ST-elevation and 
presumably new LBBB or evidence 
of fresh thrombus by coronary 
angiography, but death occurring 
before blood samples could be 
obtained, or at a time before the 
appearance of cardiac biomarkers 
in the blood. 
3. Peri-PCI myocardial infarction: 

increases of biomarkers > 3 of the 
upper reference level  
4.  Peri-CABG myocardial infarction:  

increases of biomarkers > 5 of the 
upper reference level plus new 
pathological Q waves or new LBBB 
or angiographically documented 
new graft or native coronary artery 
occlusion 
 5. Pathological findings of acute 

myocardial infarction  
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Repeat revascularization 
Any revascularization procedure (PCI or CABG) after the initial intervention including planned 
staged and urgent revascularization. 
 
Chronic total occlusion (CTO) 
Complete obstruction of a coronary artery, described as ≥99% stenosis of >3 months 
duration with poor or no antegrade blood flow (TIMI 0-1). 
 
Stent thrombosis 
Stent thrombosis is classified in definite, probable and possible stent thrombosis according to 
the Academic Research Consortium (ARC) definition:2 

Definite Probable 

 

Possible 

 

Acute coronary syndrome 
and angiographic OR  
pathological confirmation of 
stent thrombosis 
 

Unexplained death within the 
first 30 days OR  
acute ischemia in the territory 
of an implanted stent without 
angiographic confirmation of 
stent thrombosis in the 
absence of another culprit 
lesion 

Unexplained death >30 days  

 
Bleeding complications  
Bleeding complications will be classified according to 3 different definitions (for further 
evaluation which one best predicts outcome in cardiogenic shock patients). 
BARC bleeding definition:3 

Type 
 

Bleeding definition 

Type 0 no bleeding 

Type 1 bleeding that is not actionable and does not cause the patient to seek 
unscheduled performance of studies, hospitalization, or treatment by a 
healthcare professional; may include episodes leading to self-discontinuation of 
medical therapy by the patient without consulting a healthcare professional 

Type 2 any overt, actionable sign of hemorrhage (e.g., more bleeding than would be 
expected for a clinical circumstance, including bleeding found by imaging alone) 
that does not fit the criteria for type 3, 4, or 5 but does meet at least one of the 
following criteria: 
(1) requiring nonsurgical, medical intervention by a healthcare professional 
(2) leading to hospitalization or increased level of care, or 
(3) prompting evaluation 

Type 3  
Type 3a 
 

Overt bleeding plus hemoglobin drop of 3 to <5 g/dL* (provided hemoglobin drop 
is related to bleed)  
Any transfusion with overt bleeding 

Type 3b 
 

Overt bleeding plus hemoglobin drop ≥5 g/dL* (provided hemoglobin drop is 
related to bleed) 
Cardiac tamponade 
Bleeding requiring surgical intervention for control (excluding 
dental/nasal/skin/hemorrhoid) 
Bleeding requiring intravenous vasoactive agents 

Type 3c 
 

Intracranial hemorrhage (does not include microbleeds or hemorrhagic 
transformation, does include intraspinal) 
Subcategories confirmed by autopsy or imaging or lumbar puncture 
Intraocular bleed compromising vision 

Type 4 CABG-related bleeding  
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Perioperative intracranial bleeding within 48 h  
Reoperation after closure of sternotomy for the purpose of controlling bleeding 
Transfusion of ≥5 U whole blood or packed red blood cells within a 48-h period† 
Chest tube output ≥2L within a 24-h period 

Type 5 Fatal bleeding 
Type 5a 
 

Probable fatal bleeding; no autopsy or imaging confirmation but clinically 
suspicious 

Type 5b 
 

Definite fatal bleeding; overt bleeding or autopsy or imaging confirmation 

 

GUSTO-definition:4 

Severe/life-threatening 
bleeding complications 

Moderate bleeding  

 

Mild bleeding 

 

Intracranial hemorrhage or 
bleeding that causes 
hemodynamic compromise     
requiring intervention  
 

Bleeding that requires blood 
transfusion but does not 
result in hemodynamic 
compromise 
 

Bleeding that does not meet 
criteria for either severe or 
moderate bleeding. 
 

 
TIMI definition:5 

Classification Description 

TIMI major Any intracranial bleeding (excluding microhemorrhages <10 mm evident 
only on gradient-echo MRI) 
Clinically overt signs of hemorrhage associated with a drop in hemoglobin 
of ≥5 g/dL 
Fatal bleeding (bleeding that directly results in death within 7 d) 

TIMI minor Clinically overt (including imaging), resulting in hemoglobin drop of 3 to <5 
g/dL 

 
Stroke 
Stroke will be classified in hemorrhagic (cranial CT, MRI, or autopsy) or non-hemorrhagic. 
Stroke is defined as an acute new neurological deficit ending in death or lasting longer than 
24 hours, and classified by a physician as a stroke. 
1. Primary hemorrhagic - defined as an intracerebral hemorrhage or subdural hematoma 

a. Intracerebral hemorrhage - Stroke with focal collections of intracerebral blood 
seen on brain imaging (CT or MRI) or a post-mortem examination, not felt to 
represent hemorrhagic conversion. Subarachnoid hemorrhage should be 
included in this category.  

b. Subdural hematoma - High density fluid collection in subdural space on brain 
images or blood in the subdural space on autopsy. 

2. Non-hemorrhagic cerebral infarction - Stroke without focal collections of intracerebral 
blood on brain imaging. 

3. Non-hemorrhagic infarction with hemorrhagic conversion - Cerebral infarction with blood 
felt to represent hemorrhagic conversion and not a primary hemorrhage. 

4. Uncertain - Any stroke without brain imaging (CT or MRI) or autopsy documentation of 
type, or if tests are inconclusive. 

 
New congestive heart failure 

 
Occurrence of congestive heart failure after hospital discharge: 
Defined as: 

    Re-hospitalization due to new or worsening heart failure >24 h after hospital 
discharge. 
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Infarct artery/culprit vessel 
Artery responsible for acute myocardial infarction. 
In general its identification is based on 

1) ECG 
2) Wall motion abnormalities 
3) Angiographic morphology of the lesion (e.g. ulceration and/or thrombus 

consistent with plaque rupture).  
 
Patency of culprit vessel and additional major vessels before and after PCI (TIMI-Flow) 
The TIMI-flow is visually assessed according to the following grading system:6 
 

Grade Perfusion Characterization 

0 No Perfusion No antegrade flow beyond the point of occlusion 

1 Penetration without 
perfusion 

Contrast material passes beyond the area of 
obstruction but fails to opacify the entire coronary 
distal bed 

2 Partial reperfusion Contrast material passes across the obstruction 
with delayed entry and clearance from the distal 
bed 

3 Complete reperfusion Normal flow 

 
Hemodynamic stability criterion 
Sustained (> 60 min) systolic blood pressure >90 mmHg 
WITHOUT requirement for catecholamines  
AND  
WITHOUT signs of peripheral endorgan hypoperfusion 
 
Quality of life 
Quality of life will be assessed using the Euroqol 5D-questionnaire (www.euroqol.org): 
 

Euroqol 5D: Quality of life 

Mobility  Pat. has no problems in walking about  

 Pat. has some problems in walking about 

 Pat. is confined to bed 

Self-Care  Pat. has no problems with self-care  

 Pat.  has some problems washing or dressing himself  

 Pat. is unable to wash or dress himself 

Usual Activities 
(e.g. work, study, housework, family or 
leisure activities) 

 Pat. has no problems with performing his usual activities 

 Pat. has some problems with performing his usual activities 

 Pat. is unable to perform his usual activities 

Pain/Discomfort  Pat. has no pain or discomfort 

 Pat. has moderate pain or discomfort 

 Pat. has extreme pain or discomfort 

Anxiety/Depression  Pat. is not anxious or depressed 

 Pat. is moderately anxious or depressed 

 Pat. is extremely anxious or depressed 

In comparison to the general health 
state (GHS) in the past 12 months, 
today’s GHS of the patient is 

 better 

 overall similar 

 worse 

How does the patient scales his GHS 
today?   

% 

http://www.euroqol.org/
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Best imaginable GHS: 100% 
Worst imaginable GHS: 0% 
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6) List of End Points 
 
End Points  

12-month all-cause death         Table 3, Figure 2a 

12-month severe renal failure with renal replacement therapy  Table 3 

12-month recurrent myocardial infarction     Table 3 

12-month all-cause death/recurrent myocardial infarction   Table 3, Figure S2 

12-month rehospitalization for congestive heart failure   Table 3, Figure S4 

12-month all-cause death/recurrent infarction/rehospitalization for  Table 3, Figure S5 

congestive heart failure  

12-month repeat revascularization      Table 3, Figure S3 

Quality of life         Figure S7 and S8 

 

Post hoc 

12-month all-cause death or severe renal failure with    Table 3, Figure S6 

renal replacement therapy    

 

Safety 

Bleeding (BARC) grade 2-3 and 5       Table 3 

Stroke          Table 3 
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7) Statistical Analysis – Sample Size Calculation     

We estimated event rates of the primary composite end point of death or renal replacement 

therapy of 38% in the culprit-lesion-only PCI group versus 50% in the multivessel PCI group for 

sample size calculation.7,8 A group sequential statistical design was chosen, with 1 interim 

analysis performed after 50% of all analyzable patients had completed 30-day follow-up. The 

global type I error level was set at 0.05. A total of 684 patients was needed to reject the null 

hypothesis of no difference between groups (2-sided chi-square test; power: 80%; alpha=0.048 

for final analysis). Allowing for a 3% drop-out rate, 706 patients were recruited. The software 

used for sample size calculation was nQuery Advisor 7.0, Statistical Solutions, Cork, Ireland. 
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8) Figure S1 – Forest plot subgroup analyses of 1-year all-cause death  

The forest plot indicates the relative risk and 95% confidence intervals 

PCI=percutaneous coronary intervention 

CI=confidence interval 

NSTEMI=Non-ST-elevation myocardial infarction 

STEMI=ST-elevation myocardial infarction 
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9) Figure S2 – Time-to-event curves through 1 year for all-cause death/  

recurrent myocardial infarction 

Event rates represent Kaplan-Meier estimates. 

PCI=percutaneous coronary intervention; CI=confidence interval 
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10)  Figure S3 – Time-to-event curves through 1 year for repeat revascularization 

Event rates represent Kaplan-Meier estimates. 

PCI=percutaneous coronary intervention; CI=confidence interval 
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11) Figure S4 – Time-to-event curves through 1 year for rehospitalization for 

congestive heart failure 

Event rates represent Kaplan-Meier estimates. 

PCI=percutaneous coronary intervention; CI=confidence interval 

CHF=congestive heart failure 
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12) Figure S5 – Time-to-event curves through 1 year for all-cause death/  

recurrent myocardial infarction/rehospitalization for congestive heart failure 

Event rates represent Kaplan-Meier estimates. 

PCI=percutaneous coronary intervention; CI=confidence interval 

CHF=congestive heart failure 
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13) Figure S6 – Time-to-event curves through 1 year for all-cause death  

or renal replacement therapy  
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14) Figure S7 – Quality of Life at 6 Months and 1 Year   

Quality of life was assessed by the Euroqol 5D (EQ-5D) questionnaire. 

This questionnaire is a descriptive system of health-related quality of life states consisting of 

five dimensions (mobility, self-care, usual activities, pain/discomfort, anxiety/depression) 

each of which can take one of three responses (no problems/some or moderate 

problems/extreme problems). In addition, the EQ visual analogue scale (EQ VAS) was 

obtained. The EQ VAS records the respondent’s self-rated health on a vertical, visual 

analogue scale where the endpoints are labelled “Best imaginable health state” and “Worst 

imaginable health state”.9 Results are displayed as EQ-5D-3L index value with 1 indicating 

best quality of life and the EQ VAS with 100 indicating the best subjective health status.10 

PCI=percutaneous coronary intervention 

There was no adjustment for multiple testing. 
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15)  Figure S8 – Quality of Life at 6 Months and 1 Year      
 
Visual analogue scale 

 
 
 

  

Median      70                                 70                         75                                 75 

IQR   60-80                           60-80                      60-85                           55-85 

Min, max   0-100                          10-100                      1-100                          10-100 
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16) Table S1 – Causes of Death at 1 Year 
 

 Culprit-lesion- 

only PCI 

(n=344) 

Multivessel  

PCI 

(n=341) 

All-cause mortality; n/total (%) 172/344 (50.0) 194/341 (56.9) 

Death cause   

Sudden cardiac death; n/total (%) 16/172 (9.3) 16/194 (8.2) 

Refractory cardiogenic shock¸ n/total (%) 114/172 (66.3) 118/194 (60.8) 

Recurrent myocardial infarction; n/total (%) 2/172 (1.2) 4/194 (2.1) 

Brain injury; n/total (%) 14/172 (8.1) 25/194 (12.9) 

Sepsis; n/total (%) 12/172 (7.0) 10/194 (5.2) 

Unknown cause; n/total (%) 13/172 (7.6) 17/194 (8.8) 

Other cause; n/total (%) 1/172 (0.6) 4/194 (2.1) 
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17) Table S2 Clinical Outcomes and Safety at 1 Year for Survivors 

 Culprit-lesion- 

only PCI 

(n=172) 

Multivessel  

PCI 

(n=147) 

Relative  

Risk 

 

95% CI 

Renal replacement therapy; n/total (%) 7/172 (4.1) 9/147 (6.1) 0.66 0.25–1.74 

Reinfarction; n/total (%) 3/172 (1.7) 5/147 (3.4) 0.51 0.12–2.11 

Rehospitalization for congestive heart 
failure; n/total (%) 

15/172 (8.7) 4/147 (2.7) 3.20 1.09–9.44 

Repeat revascularization; n/total (%) 98/172 (57.0) 26/147 (17.7) 3.22 2.22-4.67 

  Repeat PCI; n/total (%)   94/172 (54.7) 23/147 (15.7) 3.49 2.34-5.21 

  Repeat CABG; n/total (%) 4/172 (2.3) 3/147 (2.0) 1.14 0.26-5.01 

Stroke; n/total (%) 6/172 (3.5) 8/147 (5.4) 0.64 0.23–1.81 

Bleeding (BARC 2, 3 or 5); n/total (%) 33/172 (19.2) 34/147 (23.1) 0.83 0.54–1.27 

Any bleeding event; n/total (%) 39/172 (22.7) 40/147 (27.2) 0.83 0.57–1.22 

BARC=Bleeding Academic Research Consortium; PCI=percutaneous coronary intervention; 

CABG = coronary artery bypass grafting 

Renal replacement therapy was defined as any treatment including dialysis, hemofiltration, or 

hemodiafiltration. 
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BACKGROUND
Among patients with acute myocardial infarction, cardiogenic shock, and multivessel 
coronary artery disease, the risk of a composite of death from any cause or severe renal 
failure leading to renal-replacement therapy at 30 days was found to be lower with 
percutaneous coronary intervention (PCI) of the culprit lesion only than with immedi-
ate multivessel PCI. We evaluated clinical outcomes at 1 year.

METHODS
We randomly assigned 706 patients to either culprit-lesion-only PCI or immediate mul-
tivessel PCI. The results for the primary end point of death or renal-replacement 
therapy at 30 days have been reported previously. Prespecified secondary end points at 
1 year included death from any cause, recurrent myocardial infarction, repeat revascu-
larization, rehospitalization for congestive heart failure, the composite of death or 
recurrent infarction, and the composite of death, recurrent infarction, or rehospitaliza-
tion for heart failure.

RESULTS
As reported previously, at 30 days, the primary end point had occurred in 45.9% of the 
patients in the culprit-lesion-only PCI group and in 55.4% in the multivessel PCI group 
(P = 0.01). At 1 year, death had occurred in 172 of 344 patients (50.0%) in the culprit-
lesion-only PCI group and in 194 of 341 patients (56.9%) in the multivessel PCI group 
(relative risk, 0.88; 95% confidence interval [CI], 0.76 to 1.01). The rate of recurrent 
infarction was 1.7% with culprit-lesion-only PCI and 2.1% with multivessel PCI (relative 
risk, 0.85; 95% CI, 0.29 to 2.50), and the rate of a composite of death or recurrent in-
farction was 50.9% and 58.4%, respectively (relative risk, 0.87; 95% CI, 0.76 to 1.00). 
Repeat revascularization occurred more frequently with culprit-lesion-only PCI than 
with multivessel PCI (in 32.3% of the patients vs. 9.4%; relative risk, 3.44; 95% CI, 2.39 
to 4.95), as did rehospitalization for heart failure (5.2% vs. 1.2%; relative risk, 4.46; 
95% CI, 1.53 to 13.04).

CONCLUSIONS
Among patients with acute myocardial infarction and cardiogenic shock, the risk of 
death or renal-replacement therapy at 30 days was lower with culprit-lesion-only PCI 
than with immediate multivessel PCI, and mortality did not differ significantly between 
the two groups at 1 year of follow-up. (Funded by the European Union Seventh Frame-
work Program and others; CULPRIT-SHOCK ClinicalTrials.gov number, NCT01927549.)
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Early revascularization has been 
shown to reduce mortality among patients 
with acute myocardial infarction that is 

complicated by cardiogenic shock.1-3 Most patients 
with cardiogenic shock present with multivessel 
coronary artery disease,4 which is associated with 
higher mortality than single-vessel disease.5-7 For 
the treatment of patients with multivessel disease, 
current European guidelines for the management 
of acute ST-segment elevation myocardial infarc-
tion recommend immediate percutaneous coro-
nary intervention (PCI) of both culprit and non-
culprit lesions,8 and U.S. appropriate-use criteria 
consider immediate revascularization of both cul-
prit and nonculprit arteries during the same proce-
dure to be highly appropriate.9 However, the 30-day 
results of the Culprit Lesion Only PCI versus Multi-
vessel PCI in Cardiogenic Shock (CULPRIT-SHOCK) 
trial10 showed that the risk of a composite of death 
from any cause or severe renal failure leading to 
renal-replacement therapy was lower with culprit-
lesion-only PCI than with immediate multivessel 
PCI, thus challenging the guideline recommenda-
tions. On the basis of these results, the European 
revascularization guidelines have now downgrad-
ed immediate multivessel PCI in cardiogenic shock 
to a class III B recommendation (i.e., a recommen-
dation that the procedure is not useful and may 
be harmful, according to evidence from a single 
randomized trial).11

In light of the short-term results of the CULPRIT-
SHOCK trial, the use of multivessel PCI in patients 
with cardiogenic shock is now controversial.12,13 
Although immediate multivessel PCI is associated 
with initial harm, the resulting complete revascu-
larization could lead to a benefit over the long term. 
This possibility is supported by pooled evidence 
from nonrandomized trials showing that the 
higher short-term mortality with multivessel PCI 
than with culprit-lesion-only PCI was not sustained 
after longer-term follow-up.14,15 Furthermore, a re-
cent registry study suggested that there was lower 
mortality at 1 year with multivessel PCI than with 
culprit-lesion-only PCI.16 Further data obtained 
during longer observation periods in randomized 
trials have been limited. Here, we report the 
1-year results of the CULPRIT-SHOCK trial.

Me thods

Trial Design and Oversight

The trial design and the short-term results have 
been published previously.4,10 In summary, the 

CULPRIT-SHOCK trial was an investigator-initi-
ated, multicenter, randomized, open-label, multi-
center trial that compared culprit-lesion-only PCI 
(with optional staged revascularization) with im-
mediate multivessel PCI in patients who had acute 
myocardial infarction that was complicated by 
cardiogenic shock. The protocol (available with 
the full text of this article at NEJM.org) was de-
signed by the principal investigator and was modi-
fied and approved by the steering committee4; it 
was also approved by regional and national eth-
ics review boards. The trial was registered at 
ClinicalTrials.gov 4 months after the enrollment 
of the first patient, as discussed in the Supple-
mentary Appendix (available at NEJM.org).

Trial funding was provided by the European 
Union Seventh Framework Program, the German 
Heart Research Foundation, and the German Car-
diac Society. Additional support was provided by 
the German Center for Cardiovascular Research. 
These institutions had no involvement in the con-
duct of the trial, as reported previously. Data were 
maintained and independent statistical analysis 
was performed by a coordinating research orga-
nization, Institut für Herzinfarktforschung (In-
stitute for Myocardial Infarction Research). The 
steering committee vouches for the accuracy and 
completeness of the data and for the fidelity of 
the trial to the protocol. The statistician vouches 
for the accuracy of the data analysis. The patient-
level data, analytic methods, and trial materials 
cannot be made available to other researchers, 
because the European Union contract and the 
consortium agreement of the trial do not allow 
data sharing.

Patients

Patients who had acute myocardial infarction 
that was complicated by cardiogenic shock, as 
described previously,10 were eligible for the trial 
if they met the following criteria: planned early 
revascularization by means of PCI, multivessel 
coronary artery disease (defined as at least two 
major vessels [≥2 mm diameter] with >70% ste-
nosis of the diameter), and an identifiable culprit 
lesion. Exclusion criteria were resuscitation for 
longer than 30 minutes, no intrinsic heart action, 
an assumed severe deficit in cerebral function with 
fixed dilated pupils, an indication for primary 
coronary-artery bypass grafting, single-vessel coro-
nary artery disease, a mechanical cause of car-
diogenic shock, the onset of shock more than 12 
hours before randomization, an age of more than 
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90 years, shock with a noncardiogenic cause, 
massive pulmonary embolism, known severe 
renal insufficiency (creatinine clearance, <30 ml 
per minute), and other severe concomitant dis-
ease associated with a life expectancy of less 
than 6 months. Written informed consent was 
obtained with the use of a prespecified process 
(see the Supplementary Appendix).4

Randomization, Treatment, and Follow-up

Patients underwent randomization immediately 
after diagnostic angiography. Randomization was 
performed centrally with the use of an Internet-
based program with randomly changing blocks 
of 4 or 6 and stratification according to center.

Patients were randomly assigned, in a 1:1 ra-
tio, to undergo either culprit-lesion-only PCI or 
immediate multivessel PCI. In all patients, the 
culprit lesion was treated first, with the use of 
standard PCI techniques and with the recom-
mended use of drug-eluting stents. In patients in 
the culprit-lesion-only PCI group, all other le-
sions were to be left untreated at the time of the 
initial procedure. Staged revascularization was 
recommended on the basis of the patient’s clini-
cal status and the presence of residual ischemia 
on objective testing. In patients in the multives-
sel PCI group, all additional lesions (major coro-
nary arteries with >70% stenosis of the diameter), 
including chronic total occlusions, were recom-
mended to be treated with PCI immediately after 
treatment of the culprit lesion. In each group, 
the advised maximum dose of contrast material 
was 300 ml.

The use of mechanical circulatory support 
was left to the discretion of the operator. If re-
nal-replacement therapy was deemed to be nec-
essary, the method, duration, and reason for ini-
tiation were documented.

Trial-specific follow-up assessments were per-
formed at 6 months and at 1 year by means of a 
structured telephone interview. Any potential end-
point event was verified in a review of original 
records. In addition, death registries were searched 
to identify or confirm all deaths.

End Points

The primary end point was a composite of death 
from any cause or severe renal failure leading to 
renal-replacement therapy within 30 days after 
randomization; results for this outcome have been 
reported previously.10 For the 1-year analysis, re-
sults are reported for the following prespecified 

secondary end points: death from any cause, 
renal-replacement therapy, recurrent myocardial 
infarction, repeat revascularization, and rehospi-
talization for congestive heart failure. In addi-
tion, results are reported for the composite of 
death or recurrent infarction and for the com-
posite of death, recurrent infarction, or rehospi-
talization for heart failure.

Safety end points included stroke and bleed-
ing, which was defined as bleeding of type 2, 3, 
or 5 on the Bleeding Academic Research Consor-
tium (BARC) scale (with type 2 indicating any 
overt, actionable sign of bleeding; type 3, bleed-
ing with a decrease in the hemoglobin level of 
>3 g per deciliter, any transfusion, cardiac tampon-
ade, or intracranial or ocular involvement; and type 
5, fatal bleeding).4,17 Quality of life was assessed 
with the European Quality of Life–5 Dimensions 
(EQ-5D) questionnaire (www.euroqol.org), in-
cluding a visual-analogue scale, at 6 months and 
at 1 year. As a post hoc exploratory analysis, the 
primary end point of a composite of death or 
renal-replacement therapy was assessed at 1 year. 
Definitions of all end points are provided in the 
Supplementary Appendix. All end-point events 
were adjudicated by a clinical end-points commit-
tee whose members were unaware of the group 
assignments.

Statistical Analysis

The sample-size calculation and the design for the 
30-day analysis have been described previously and 
are summarized in the Supplementary Appen-
dix.4,10 For the 1-year analysis, data were included 
for all the patients who had at least 30 days of 
follow-up. All analyses were performed according 
to the intention-to-treat principle. The 1-year 
event rates were the percentages of patients who 
had an event within 365 days after randomiza-
tion. Event rates were compared by chi-square 
tests. Robustness of results was evaluated in sen-
sitivity analyses performed in the per-protocol 
and as-treated populations. End points that did 
not include death from any cause as a compo-
nent were analyzed in all patients as well as in 
patients who survived. Kaplan–Meier curves are 
used to show event rates over time with classifi-
cation according to group assignment. We also 
performed a post hoc landmark analysis using a 
cutoff point of 30 days after randomization, with 
hazard ratios calculated separately for events that 
occurred within 30 days and those that occurred 
between 30 days and 1 year.
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Data from the quality-of-life assessment were 
analyzed, with chi-square tests, in patients who 
survived. Values on the visual-analogue scale were 
compared with Mann–Whitney U tests. Predefined 
subgroup analyses for 1-year mortality were per-
formed, as described previously.10 The resulting 
relative risks and 95% confidence intervals are 
presented in a forest plot. The Breslow–Day test 
was used to analyze the interaction between group 
assignment and subgroup.

No adjustment for multiple comparisons was 
performed for any of the analyses. P values are 
not reported, since all analyses presented here 
are for secondary end points. All analyses were 
conducted with the use of SAS software, version 
9.4 (SAS Institute).

R esult s

Patients

In total, 1075 patients with cardiogenic shock were 
screened at 83 centers, and 706 patients (65.7%) 
were randomly assigned to undergo culprit-lesion-
only PCI (351 patients) or immediate multivessel 
PCI (355 patients) (Fig. 1). Full informed consent 
was obtained for 344 and 342 patients, respec-
tively. One patient was lost to follow-up within 
30 days, and one additional patient was lost to 
follow-up between 30 days and 1 year. Data on 
vital status were available at 1 year for 343 pa-
tients in the culprit-lesion-only PCI group and 
for 341 patients in the multivessel PCI group, 
exactly meeting the prespecified sample-size re-
quirement of 684 patients after withdrawals.

The characteristics of the patients at baseline 
and procedural characteristics, including medi-
cations at discharge, are shown in Table 1 and 
Table 2, respectively. Immediate crossover oc-
curred in 43 patients (12.5%) in the culprit-le-
sion-only PCI group and in 32 patients (9.4%) in 
the multivessel PCI group. Among patients who 
received stents, drug-eluting stents were used in 
93.6% of the patients in the culprit-lesion-only 
PCI group and in 95.1% in the multivessel PCI 
group. There was no significant difference be-
tween the two groups in the Thrombolysis in 
Myocardial Infarction grade for epicardial perfu-
sion before or after PCI of the culprit artery. The 
overall dose of contrast material was significantly 
greater and the duration of fluoroscopy was sig-
nificantly longer in the multivessel PCI group 
than the culprit-lesion-only PCI group.

Clinical End Points

As reported previously, at 30 days, the primary end 
point of a composite of death or renal-replacement 
therapy had occurred in 158 of 344 patients 
(45.9%) in the culprit-lesion-only PCI group and 
in 189 of 341 patients (55.4%) in the multivessel 
PCI group (relative risk, 0.83; 95% confidence 
interval [CI], 0.71 to 0.96; P = 0.01). At 1 year, 
mortality did not differ significantly between 
the culprit-lesion-only PCI group and the multi-
vessel PCI group; death from any cause had oc-
curred in 172 of 344 patients (50.0%) and 194 of 
341 patients (56.9%), respectively (relative risk, 
0.88; 95% CI, 0.76 to 1.01) (Table 3 and Fig. 2A). 
Death from cardiovascular causes had occurred 
in 159 patients (46.2%) in the culprit-lesion-only 
PCI group and in 180 patients (52.8%) in the 
multivessel PCI group (relative risk, 0.88; 95% 
CI, 0.75 to 1.02). (For details on causes of death 
at 1 year, see Table S1 in the Supplementary Ap-
pendix.)

A post hoc landmark analysis revealed a dif-
ference between the two groups in mortality 
within the first 30 days (relative risk, 0.84; 95% 
CI, 0.72 to 0.98), but mortality was similar in the 
two groups thereafter (relative risk, 1.08; 95% 
CI, 0.60 to 1.93) (Fig. 2B). Between 30 days and 
1 year, 23 patients (6.7%) died in the culprit-
lesion-only PCI group and 18 patients (5.3%) 
died in the multivessel PCI group. Results for 
mortality between baseline and 1 year in the 
intention-to-treat population were similar to re-
sults in the per-protocol population (relative 
risk, 0.87; 95% CI, 0.75 to 1.02) and the as-
treated population (relative risk, 0.90; 95% CI, 
0.78 to 1.03). Predefined subgroup analyses re-
vealed consistency of the results across all sub-
groups (Fig. S1 in the Supplementary Appendix).

Events leading to renal-replacement therapy 
occurred only within the first 30 days, with no 
further events recorded between 30 days and 1 year 
of follow-up. Such an event occurred in 11.6% of 
the patients in the culprit-lesion-only PCI group 
and in 16.4% in the multivessel PCI group (rela-
tive risk, 0.71; 95% CI, 0.49 to 1.03) (Table 3). 
Recurrent myocardial infarction occurred in 
1.7% of the patients in the culprit-lesion-only 
PCI group and in 2.1% in the multivessel PCI 
group (relative risk, 0.85; 95% CI, 0.29 to 2.50), 
and the composite of death or recurrent infarc-
tion was observed in 50.9% and 58.4%, respec-
tively (relative risk, 0.87; 95% CI, 0.76 to 1.00) 
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(Table 3, and Fig. S2 in the Supplementary Ap-
pendix).

Repeat revascularization was performed more 
often with the culprit-lesion-only PCI strategy 

than with the multivessel PCI strategy (in 32.3% 
of the patients vs. 9.4%; relative risk, 3.44; 95% 
CI, 2.39 to 4.95) (Table 3, and Fig. S3 in the 
Supplementary Appendix). Although there were 

Figure 1. Screening, Randomization, Treatment, and Follow-up at 30 Days and at 1 Year in the Intention-to-Treat 
 Population.

CABG denotes coronary-artery bypass grafting, and PCI percutaneous coronary intervention.

706 Underwent randomization

1075 Patients with acute myocardial infarction
and cardiogenic shock were screened

369 Were excluded
184 Had single-vessel coronary artery disease
69 Did not provide informed consent
53 Had undergone resuscitation for >30 min
16 Had severe renal insufficiency at baseline
12 Were participating in another trial
11 Had onset of shock >12 hr earlier
8 Had indication for CABG or did not have

planned PCI
5 Had concomitant severe disease

associated with a life expectancy of <6 mo
3 Were >90 yr old
2 Did not have intrinsic heart action
5 Had other reasons
1 Had mechanical complication 

351 Were assigned to culprit-lesion-only PCI
355 Were assigned to immediate

multivessel PCI

344 Provided full informed consent 342 Provided full informed consent

301 Underwent culprit-lesion-only PCI
43 Underwent immediate multivessel PCI

(60 Underwent staged PCI, 1 underwent
staged CABG, and 13 underwent urgent PCI)

310 Underwent immediate multivessel PCI
32 Underwent culprit-lesion-only PCI
(8 Underwent staged PCI, and 5 underwent
urgent PCI)

344 Had ≥30 days of follow-up
341 Had ≥30 days of follow-up

1 Was lost to follow-up

344 Were included in primary analysis 341 Were included in primary analysis

343 Had 1 yr of follow-up
1 Was lost to follow-up between

30 days and 6 mo

341 Had 1 yr of follow-up
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Characteristic

Culprit-Lesion-Only  
PCI Group 
(N = 344)

Multivessel  
PCI Group 
(N = 342)

Age — yr

Median 70 70

Interquartile range 60–78 60–77

Male sex — no./total no. (%) 257/343 (74.9) 267/342 (78.1)

Body-mass index†

Median 26.6 26.7

Interquartile range 24.2–29.4 24.7–29.4

Cardiovascular risk factors — no./total no. (%)

Current smoking 85/334 (25.4) 89/325 (27.4)

Hypertension 200/339 (59.0) 206/335 (61.5)

Hypercholesterolemia 112/338 (33.1) 116/333 (34.8)

Diabetes mellitus 102/337 (30.3) 116/335 (34.6)

Previous myocardial infarction — no./total no. (%) 60/339 (17.7) 53/335 (15.8)

Previous stroke — no./total no. (%) 29/341 (8.5) 20/336 (6.0)

Known peripheral artery disease — no./total no. (%) 43/341 (12.6) 37/337 (11.0)

Previous PCI — no./total no. (%) 64/339 (18.9) 63/335 (18.8)

Previous coronary-artery bypass grafting — no./total no. (%) 20/341 (5.9) 13/337 (3.9)

Resuscitation before randomization — no./total no. (%) 177/341 (51.9) 189/342 (55.3)

ST-segment elevation myocardial infarction — no./total no. (%) 206/335 (61.5) 209/330 (63.3)

Systolic blood pressure — mm Hg

Median 100 100

Interquartile range 83–120 85–130

Diastolic blood pressure — mm Hg

Median 60 61

Interquartile range 50–80 50–80

Mean blood pressure — mm Hg

Median 76 76

Interquartile range 63–92 63–93

Use of catecholamine — no./total no. (%) 304/344 (88.4) 309/339 (91.2)

Creatinine — mg/dl‡

Median 1.17 1.20

Interquartile range 0.90–1.66 0.90–1.68

Creatinine clearance — ml/min

Median 64 66

Interquartile range 42–95 43–93

No. of affected vessels — no./total no. (%)

1 3/343 (0.9) 2/342 (0.6)

2 122/343 (35.6) 124/342 (36.3)

3 218/343 (63.6) 216/342 (63.2)

Table 1. Characteristics of the Patients at Baseline.*

The New England Journal of Medicine 
Downloaded from nejm.org by LOWELL SATLER on October 31, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med 379;18 nejm.org November 1, 2018 1705

PCI Str ategies in Cardiogenic Shock

few cases of rehospitalization for congestive heart 
failure, the rate was higher in the culprit-lesion-
only PCI group than in the multivessel PCI group 
(5.2% vs. 1.2%; relative risk, 4.46; 95% CI, 1.53 to 
13.04) (Table 3, and Fig. S4 in the Supplemen-
tary Appendix).

The rate of the composite of death, recurrent 
infarction, or rehospitalization for heart failure 
did not differ significantly between the two 
groups (Table 3, and Fig. S5 in the Supplemen-
tary Appendix). In addition, the rates for safety 
end points did not differ significantly between 
the two groups (Table 3). The original primary 
end point of a composite of death or renal- 
replacement therapy was evaluated in a post hoc 
analysis at 1 year; an end-point event occurred in 
52.0% of the patients in the culprit-lesion-only 
PCI group and in 59.5% in the multivessel PCI 
group (relative risk, 0.87; 95% CI, 0.76 to 0.99) 
(Table 3, and Fig. S6 in the Supplementary Ap-
pendix).

EQ-5D values were obtained for 286 of 
the 317 patients who survived. Results on the 
quality-of-life assessment, including the visual-
analogue scale, at 6 months and at 1 year did 
not differ significantly between the two 
groups (Figs. S7 and S8 in the Supplementary 
Appendix).

Discussion

This multicenter, randomized trial compared 
culprit-lesion-only PCI (with the option of staged 
revascularization) with immediate multivessel 
PCI in patients with acute myocardial infarction, 
cardiogenic shock, and multivessel coronary ar-
tery disease. We previously reported that the risk 
of a composite of death from any cause or renal-
replacement therapy was lower with culprit-le-
sion-only PCI than with multivessel PCI in the 
30-day analysis of this trial. In the analysis re-
ported here, we found that mortality did not dif-
fer significantly between the two groups at 1 year. 
However, the rates of rehospitalization for heart 
failure and repeat revascularization were higher 
in the culprit-lesion-only PCI group than the 
multivessel PCI group at 1 year.

The major randomized trials for cardiogenic 
shock showed that death in patients with cardio-
genic shock was mainly confined to the first 30 
days, with mortality during that period ranging 
from 39.7 to 46.7%, depending on the cohorts of 
patients included in the trial, the revasculariza-
tion strategy, and the standard method for re-
vascularization during that time.2,18,19 Mortality 
between 30 days and 1 year was 6.6% in the 
Should We Emergently Revascularize Occluded 

Characteristic

Culprit-Lesion-Only  
PCI Group 
(N = 344)

Multivessel  
PCI Group 
(N = 342)

Vessel related to the infarction — no./total no. (%)

Left anterior descending artery 132/343 (38.5) 156/342 (45.6)

Left circumflex artery 76/343 (22.2) 70/342 (20.5)

Right coronary artery 102/343 (29.7) 89/342 (26.0)

Left main artery 31/343 (9.0) 22/342 (6.4)

Bypass graft 2/343 (0.6) 5/342 (1.5)

≥1 Chronic total occlusion — no./total no. (%) 77/344 (22.4) 82/342 (24.0)

Left ventricular ejection fraction — %

Median 33 30

Interquartile range 25–40 21–40

*  There were no significant differences between the two groups in baseline characteristics. PCI denotes percutaneous 
coronary intervention.

†  Body-mass index is the weight in kilograms divided by the square of the height in meters.
‡  To convert the values for creatinine to micromoles per liter, multiply by 88.4.

Table 1. (Continued.)
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Variable

Culprit-Lesion-Only  
PCI Group 
(N = 344)

Multivessel  
PCI Group 
(N = 342) P Value

Arterial access — no./total no. (%)

Femoral 287/343 (83.7) 277/342 (81.0) 0.36

Radial 61/343 (17.8) 66/342 (19.3) 0.61

Brachial 2/343 (0.6) 1/342 (0.3) >0.99

Stent in culprit lesion — no./total no. (%)

Any 326/343 (95.0) 324/342 (94.7) 0.86

Bare metal 20/326 (6.1) 17/324 (5.2) 0.63

Drug eluting 305/326 (93.6) 308/324 (95.1) 0.41

Bioresorbable scaffold in culprit lesion — no./total no. (%) 2/326 (0.6) 3/324 (0.9) 0.69

TIMI grade for blood flow — no./total no. (%)*

Before PCI of culprit lesion 0.49

0 189/339 (55.8) 178/337 (52.8)

I 37/339 (10.9) 45/337 (13.4)

II 56/339 (16.5) 50/337 (14.8)

III 57/339 (16.8) 64/337 (19.0)

After PCI of culprit lesion 0.46

0 13/342 (3.8) 16/338 (4.7)

I 12/342 (3.5) 8/338 (2.4)

II 28/342 (8.2) 21/338 (6.2)

III 289/342 (84.5) 293/338 (86.7)

Immediate PCI of nonculprit lesions — no./total no. (%) 43/344 (12.5) 310/342 (90.6) <0.001

Immediate complete revascularization achieved — no./total no. (%) 26/344 (7.6) 277/342 (81.0) <0.001

Total dose of contrast material — ml <0.001

Median 190 250

Interquartile range 140–25 200–350

Total duration of fluoroscopy — min <0.001

Median 13 19

Interquartile range 7–20 12–29

Staged PCI of nonculprit lesions within 30 days — no./total no. (%) 60/344 (17.4) 8/341 (2.3) <0.001

Staged coronary-artery bypass grafting within 30 days — no./total no. (%) 1/344 (0.3)    0/341 (0) >0.99

Mechanical circulatory support — no./total no. (%) 99/344 (28.8) 95/342 (27.8) 0.77

Mechanical ventilation — no./total no. (%) 273/344 (79.4) 282/339 (83.2) 0.20

Subsequent medications in patients who survived until hospital discharge  
— no./total no. (%)

Statin 184/195 (94.4) 152/165 (92.1) 0.40

Beta-blocker 181/195 (92.8) 148/165 (89.7) 0.29

Angiotensin-converting–enzyme inhibitor or angiotensin II type 1 receptor 
antagonist

176/195 (90.3) 140/165 (84.8) 0.12

Aspirin 191/195 (97.9) 163/165 (98.8) 0.54

Clopidogrel 89/195 (45.6) 73/165 (44.2) 0.79

Prasugrel 67/195 (34.4) 56/165 (33.9) 0.93

Ticagrelor 78/195 (40.0) 65/165 (39.4) 0.91

*  Thrombolysis in Myocardial Infarction (TIMI) grades for blood flow range from 0 to III, with higher grades indicating better flow. TIMI grades 
were reported by the investigator.

Table 2. Procedural Characteristics.
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Coronaries for Cardiogenic Shock (SHOCK) trial 
and 12.3% in the Intraaortic Balloon Pump in 
Cardiogenic Shock II (IABP-SHOCK II) trial.20,21 
These rates are similar to the 6.6% mortality 
between 30 days and 1 year that was reported in 
this trial. The results of the landmark analysis 
showed a benefit of culprit-lesion-only PCI over 
multivessel PCI with respect to short-term mor-
tality, and there was no statistical difference 
between the two groups in mortality thereafter. 
These findings do not support the hypothesis 
that immediate multivessel PCI is associated 
with a higher short-term risk of death than cul-
prit-lesion-only PCI but with a diminished risk 
during the longer-term course.22

The rate of rehospitalization for heart failure 
was higher in the culprit-lesion-only PCI group 
than in the multivessel PCI group, although the 
rates were low in both groups and the absolute 
difference in risk between the two groups was 

small. It is possible that this finding could be 
related to the higher rate of complete revascular-
ization in the multivessel PCI group than in the 
culprit-lesion-only PCI group, with complete re-
vascularization leading to subsequent improved 
ventricular function and a lower subsequent in-
cidence of heart failure. However, this interpre-
tation is only speculative, since, to our knowl-
edge, no randomized trials have addressed this 
issue and data on ventricular function were not 
obtained in this trial. The higher rate of rehos-
pitalization for heart failure in the culprit-lesion-
only PCI group could also be a consequence of 
competing risks. Patients with cardiogenic shock 
are at an extreme risk for death, and if they die 
early, they therefore do not survive long enough 
for heart failure to develop in the longer-term 
course. Accordingly, because culprit-lesion-only 
PCI has shown a benefit over multivessel PCI 
with respect to short-term survival, the risk of 

Outcome

Culprit-Lesion-Only  
PCI Group 
(N = 344)

Multivessel  
PCI Group 
(N = 341)

Relative Risk  
(95% CI)

no. (%)

Death from any cause† 172 (50.0) 194 (56.9) 0.88 (0.76–1.01)

Renal-replacement therapy‡ 40 (11.6) 56 (16.4) 0.71 (0.49–1.03)

Recurrent myocardial infarction 6 (1.7) 7 (2.1) 0.85 (0.29–2.50)

Death or recurrent infarction 175 (50.9) 199 (58.4) 0.87 (0.76–1.00)

Rehospitalization for congestive heart failure 18 (5.2) 4 (1.2) 4.46 (1.53–13.04)

Death, recurrent infarction, or rehospitalization  
for heart failure

190 (55.2) 203 (59.5) 0.87 (0.93–1.06)

Repeat revascularization

Any 111 (32.3) 32 (9.4) 3.44 (2.39–4.95)

PCI 107 (31.1) 29 (8.5) 3.66 (2.50–5.36)

Coronary-artery bypass grafting 4 (1.2) 3 (0.9) 1.32 (0.30–5.86)

Death or renal-replacement therapy 179 (52.0) 203 (59.5) 0.87 (0.76–0.99)

Stroke 15 (4.4) 14 (4.1) 1.06 (0.52–2.17)

Bleeding

Any 75 (21.8) 86 (25.2) 0.86 (0.66–1.13)

BARC type 2, 3, or 5§ 65 (18.9) 79 (23.2) 0.82 (0.61–1.09)

*  Confidence intervals were not adjusted for multiple comparisons, and clinical inferences may not be reproducible. Results 
for clinical end points that were analyzed only for patients who survived are shown in Table S2 in the Supplementary 
Appendix.

†  Causes of death are shown in Table S1 in the Supplementary Appendix.
‡  Renal-replacement therapy was defined as any treatment that included dialysis, hemofiltration, or hemodiafiltration.
§  On the Bleeding Academic Research Consortium (BARC) scale, type 2 indicates any overt, actionable sign of bleeding; 

type 3, bleeding with a decrease in the hemoglobin level of more than 3 g per deciliter, any transfusion, cardiac tam-
ponade, or intracranial or ocular involvement; and type 5, fatal bleeding.

Table 3. Clinical and Safety Outcomes at 1 Year.*
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heart failure within the first year may be higher 
with culprit-lesion-only PCI than with multives-
sel PCI.

In previous studies involving patients with acute 
myocardial infarction who did not have cardio-
genic shock, the differences in outcomes between 
those who underwent culprit-lesion-only PCI and 
those who underwent immediate multivessel or 
early staged PCI were driven mainly by a differ-

ence in the rate of repeat revascularization and 
not by differences in rates of hard end points, 
such as death or recurrent infarction. Among 
patients who have cardiogenic shock, the short-
term risks that are associated with longer proce-
dure times, more complex initial interventions, 
and higher doses of contrast material seem to 
outweigh any potential benefits associated with 
reducing the subsequent risk of repeat revascu-
larization. In this trial, after 1 year, 32.3% of the 
patients in the culprit-lesion-only PCI group had 
undergone staged or urgent repeat revascular-
ization. This rate is higher than rates seen in 
trials of revascularization strategies in patients 
who did not have cardiogenic shock, which range 
from 8.2 to 17.4% at 1 year of follow-up.23-26 The 
higher rate of repeat revascularization in the 
culprit-lesion-only PCI group in this trial may be 
related to the extent of coronary artery disease, 
the presence of impaired left ventricular func-
tion, and the severity of illness in patients with 
cardiogenic shock, as well as to the trial design. 
It is unclear whether an even higher rate of re-
vascularization of nonculprit lesions could have 
prevented rehospitalizations for heart failure.

This trial has several limitations. First, all the 
end points in the 1-year analysis are exploratory 
because the trial was powered for the 30-day 
analysis of the primary composite end point. 
Second, blinding was not possible owing to the 
nature of the intervention performed. Manage-
ment of cardiogenic shock involves a complex 
series of clinical decisions, and residual bias in 
the course of such management cannot be ruled 
out. Third, the results of serial echocardiogra-
phy to assess cardiac function were not avail-
able, and such results would have allowed us to 
explore potential underlying causes of the initial 
higher mortality with multivessel PCI and the 
subsequent higher rate of rehospitalization for 
heart failure with culprit-lesion-only PCI.

In conclusion, this multicenter, randomized 
trial compared culprit-lesion-only PCI (with the 
option of staged revascularization) with imme-
diate multivessel PCI in patients with acute 
myocardial infarction, cardiogenic shock, and 
multivessel coronary artery disease. At 30 days, 
the risk of a composite of death from any cause 
or renal-replacement therapy was significantly 
lower with culprit-lesion-only PCI than with mul-
tivessel PCI. At 1 year, mortality did not differ 
significantly between the two groups. However, 

Figure 2. Time-to-Event and Landmark Analyses for Death from Any Cause 
through 1 Year.

Panel A shows Kaplan–Meier estimates of the rate of death from any cause 
through 1 year. Panel B shows the results of a landmark analysis of the rate 
of death from any cause through 30 days, as well as the rate between 30 days 
and 1 year.
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the incidence of rehospitalization for heart fail-
ure was higher and repeat revascularization was 
more frequent with culprit-lesion-only PCI than 
with multivessel PCI at 1 year.
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2) Participating Investigators and Trial Committees 

The following investigators and institutions participated in the CULPRIT-SHOCK trial:  

Steering Committee: Holger Thiele (principal investigator and chair), Heart Center Leipzig – 

University Hospital, Leipzig, Germany; Steffen Desch, Heart Center Leipzig – University 

Hospital, Leipzig, Germany; Uwe Zeymer, Klinikum Ludwigshafen and Institut für 

Herzinfarktforschung, Ludwigshafen, Germany; Gilles Montalescot, ACTION group, Paris, 

France; Jan J. Piek, Academic Medical Center, Amsterdam, The Netherlands; Patrizia 

Torremante, ARTTIC, Munich, Germany.  

Project Management: Patrizia Torremante, ARTTIC, Munich, Germany; Roza Meyer-Saraei, 

University Hospital Schleswig-Holstein, Lübeck, Germany.  

Clinical Endpoints Committee: Ulrich Tebbe (chair), Detmold, Germany; Jochen Wöhrle, 

University of Ulm, Germany; Otmar Pachinger, University of Innsbruck, Innsbruck, Austria. 

Data Monitoring: Institut für Herzinfarktforschung, Ludwigshafen, Germany: Clemens Busch 

(chair); Nathalie Pfeiffer. 

Data Management: Institut für Herzinfarktforschung, Ludwigshafen, Germany: Alexander 

Neumer, Clemens Busch, Nathalie Pfeiffer.  

Data Coordination and Analysis: Institut für Herzinfarktforschung, Ludwigshafen, Germany: 

Steffen Schneider (chair statistics); Taoufik Ouarrak (statistics), Thomas Reimer (statistics), 

Christiane Lober (statistics).  

Data Safety Monitoring Board: Peter Clemmensen, MD (chair), Universitäres Herzzentrum 

Hamburg, Hamburg, Germany; Ferenc Follath, MD, University of Zurich, Zurich, Switzerland; 

Karl Wegscheider, Universitätsklinikum Hamburg-Eppendorf, Hamburg, Germany. 

Angiographic Core Laboratory Committee (ACLC) at the ACTION Study Group: Dr O. 

Barthélémy (chair), Dr. M. Zeitouni, Dr. P. Overtchouk, Dr P. Guedeney, Dr. G. Hage, Dr. 

Hauguel-Moreau. 

Study sites and hospitals:  

Germany; national coordinator: Holger Thiele, Leipzig 
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University Heart Center Luebeck, Germany: Georg Fuernau, Ingo Eitel, Roza Meyer-Saraei, 

Suzanne de Waha: 58 patients and 36 registry patients; Heart Center Leipzig – University of 

Leipzig, Germany: Holger Thiele, Steffen Desch, Marcus Sandri, Sabrina Weinschenk: 70 

patients and 50 registry patients; Universitätsmedizin Mannheim, Mannheim, Germany: Ibrahim 

Akin, Martin Borggrefe: 75 patients and 5 registry patients; Heart Center Bad Krozingen, Bad 

Krozingen, Germany: Franz-Josef Neumann, Miroslaw Ferenc: 9 patients and 9 registry 

patients; Asklepios Klinik Langen, Langen, Germany: Hans-Gerd Olbrich, Hans-Bernd Hopf: 4 

patients and 1 registry patient; German Heart Center Munich, Munich, Germany: Adnan 

Kastrati, Antoinette de Waha, Heribert Schunkert: 1 patient and 0 registry patients; Heart 

Center - Segeberger Kliniken, Bad Segeberg, Germany: Gert Richardt, Bettina Schwarz, 

Mohamed Abdel-Wahab, Ralph Toelg, Volker Geist, Monika Bahnsen-Maaß: 6 patients and 2 

registry patients; SLK Kliniken Heilbronn, Heilbronn, Germany: Marcus Hennersdorf, Jochen 

Graf, Urs Riemann, Dominik Scharpf: 3 patients and 0 registry patients; University of 

Greifswald, Greifswald, Germany: Klaus Empen, Mathias C Busch, Stephan B. Felix: 15 

patients and 4 registry patients; Martin-Luther-University Halle-Wittenberg, Halle (Saale), 

Germany: Karl Werdan, Sebastian Nuding: 6 patients and 0 registry patients; Klinikum Links 

der Weser, Bremen, Germany: Rainer Hambrecht, Andreas Fach, Eduard Fiehn: 25 patients 

and 11 registry patients; Heart Center Ludwigshafen, Ludwigshafen, Germany: Uwe Zeymer, 

Anselm K. Gitt, Bernd Mark, Ralph Winkler: 9 patients and 15 registry patients; Zentralklinik 

Bad Berka, Bad Berka, Germany: Bernward Lauer: 1 patient and 0 registry patients; Friedrich-

Schiller University Jena, Jena, Germany: Sven Möbius-Winkler, Christian Schulze: 12 patients 

and 1 registry patient; Klinik Hennigsdorf, Hennigsdorf, Germany: Hans-Heinrich Minden: 5 

patients and 4 registry patients; Otto-von-Guericke-University Magdeburg: Rüdiger C. Braun-

Dullaeus, Alexander Schmeißer: 2 patients and 5 registry patients; Heart Center Dresden, 

Dresden, Germany: Ruth H. Strasser, Bernd Ebner: 3 patients and 0 registry patients; 

Universitätsklinikum Würzburg, Würzburg, Germany: Georg Ertl, Peter Nordbeck: 51 patients 

and 11 registry patients; Hospital München – Neuperlach: Harald Mudra, Martin Hug: 4 patients 

and 0 registry patients; Universitätsklinikum Regensburg, Regensburg, Germany: Dierk 
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Endemann, Lars Maier: 9 patients and 8 registry patients; Charité Berlin Campus Benjamin 

Franklin, Berlin, Germany: Ulf Landmesser, Carsten Skurk: 24 patients and 0 registry patients; 

Kerckhoff Klinik Bad Nauheim, Bad Nauheim, Germany: Christian Hamm, Claudia Walther, 

Christoph Liebetrau: 7 patients and 0 registry patients; Helios Klinikum Erfurt, Erfurt, Germany: 

Harald Lapp, Niels Menck: 22 patients and 8 registry patients; Ludwigs-Maximilian University 

Munich – Hospital Großhadern: Julinda Mehilli, Martin Orban, Jörg Hausleiter, Steffen 

Massberg: 12 patients and 8 registry patients; Carl-von-Basedow-Klinikum Merseburg, 

Merseburg, Germany: Roland Prondzinsky: 2 patients and 0 registry patients; Klinikum Lippe-

Detmold, Detmold, Germany: Ulrich Tebbe, Stephan Gielen: 1 patient and 10 registry patients; 

Universitätsklinikum Tübingen, Tübingen, Germany: Meinrad Gawaz, Tobias Geisler: 26 

patients and 0 registry patients; Klinikum Nürnberg, Nürnberg, Germany: Matthias Pauschinger, 

Fadil Ademaj: 12 patients and 0 registry patients; Universitäts-Herzzentrum Freiburg, Freiburg, 

Germany: Christoph Bode: 11 patients and 2 registry patients; Universitätsklinikum Bonn, 

Bonn, Germany: Georg Nickenig: 9 patients and 0 registry patients; Universitätsklinikum 

Frankfurt am Main; Frankfurt am Main, Germany: Stephan Fichtlscherer, Andreas Zeiher: 8 

patients and 0 registry patients; Asklepios Klinik Hamburg Barmbek, Hamburg, Germany: 

Achim Viertel: 7 patients and 8 registry patients; Universitätsklinikum Düsseldorf, Düsseldorf, 

Germany: Malte Kelm, Christian Jung: 7 patients and 2 registry patients; Universitäres 

Herzzentrum Hamburg, Hamburg, Germany: Peter Clemmensen, Carsten Sydow, Mahir 

Karakas: 6 patients and 0 registry patients; Herzzentrum Uniklinik Köln, Cologne, Germany: 

Volker Rudolph, Stephan Baldus: 6 patients and 0 registry patients; Universitätsmedizin 

Göttingen; Klinik für Kardiologie und Pneumologie, Göttingen, Germany: Claudius 

Jacobshagen, Gerd Hasenfuß: 4 patients and 6 registry patients; Universitätsklinikum Leipzig, 

Leipzig, Germany: Dietrich Pfeiffer: 4 patients and 0 registry patients; Marienhospital Neuwied, 

Neuwied, Germany: Björn Buchter, Burkhard Hügl: 3 patients and 2 registry patients; 

Universitätsklinikum Giessen, Giessen, Germany: Holger Nef, Oliver Dörr, Christian Hamm: 2 

patients and 0 registry patients; Helios Kreiskrankenhaus Gotha, Gotha, Germany: Karsten 

Reinig: 2 patients and 0 registry patients; Asklepios Klinik St. Georg, Hamburg, Germany: Karl-
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Heinz Kuck, Alexander Ghanem: 1 patient and 0 registry patients; Universitätsklinikum 

Heidelberg, MED III, Heidelberg, Germany: Hugo Katus: 1 patient and 0 registry patients; 

Universitätsmedizin der Johannes Gutenberg-Universität Mainz, Mainz, Germany: Tommaso 

Gori, Thomas Münzel: 1 patient and 0 registry patients; Klinikum Coburg, II. Medizinische 

Klinik, Kardiologie, Coburg, Germany: Steffen Schnupp, Johannes Brachmann: 0 patients and 

3 registry patients; HSK Kliniken Wiesbaden, Wiesbaden, Germany: Markus Ferrari: 0 patients 

and 2 registry patients; Universitätsklinikum Erlangen, Erlangen, Germany: Stephan 

Achenbach: 0 patients and 2 registry patients. 

France; national coordinator: Gilles Montalescot, Paris 

Institut de Cardiologie - Hôpital Pitié-Salpêtrière, Paris, France: Gilles Montalescot 15 patients 

and 2 registry patients; Hôpital de Rangueuil-Toulouse, Toulouse, France: Didier Carrié: 9 

patients and 3 registry patients; Hôpital Lariboisière- Paris, Paris, France: Patrick Henry, 

Stephane Manzo-Silberman: 4 patients and 5 registry patients; CHU Caremeau – Nimes, 

Nimes, France: Bertrand Ledermann, Guillaume Cayla; 2 patients and 0 registry patients; 

Hospital de la Timone, Marseille, France: Jean-Louis Bonnet: 2 patients and 0 registry patients. 

Switzerland; national coordinator: Stefan Windecker, Bern 

Inselspital Bern - Universitätsklinik für Kardiologie, Bern, Switzerland: André Frenk, Stephan 

Windecker: 5 patients and 3 registry patients; Universitätsspital Basel, Basel, Switzerland: 

Raban Jeger: 4 patients and 0 registry patients; CHUV - Service de cardiologie, Lausanne, 

Switzerland; Eric Eeckhout: 1 patient and 0 registry patients. 

The Netherlands; national coordinator: Jan J. Piek, Amsterdam 

University Hospital of Amsterdam, Amsterdam, The Netherlands: Jan J. Piek, Jose P. 

Henriques: 16 patients and 16 registry patients; Erasmus MC Rotterdam, Rotterdam, The 

Netherlands: Robert-Jan Van Geuns; 7 patients and 0 registry patients; University Medical 

Center Utrecht, Utrecht, The Netherlands: Michiel Voskuil; 1 patient and 7 registry patients; 

Haga Ziekenhuis Den Haag, Den Haag, The Netherlands: M. Bax; 0 patients and 2 registry 

patients; University Medical Center Groningen, Groningen, The Netherlands: Pim van der 

Harst: 0 patients and 2 registry patients. 
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Slovenia; national coordinator: Marko Noc, Ljubljana 

University medical centre Ljubljana, Ljubljana, Slovenia: Marko Noc, Tomaž Goslar: 16 patients 

and 7 registry patients.  

Lithuania; national coordinator: Pranas Serpytis, Vilnius 

Vilnius University Hospital Santaros Klinikos; Vilnius, Lithuania; Faculty of Medicine, Vilnius 

University: Pranas Serpytis, Rokas Serpytis: 13 patients and 11 registry patients; Klaipeda 

Seamen Hospital Klaipėda, Lithuania: Dalia Jarasuniene: 1 patient and 0 registry patients.  

Belgium; national coordinator: Christiaan Vrints, Antwerp 

Universitair Ziekenhuis Antwerpen Cardiologie, Edegem, Belgium: Christiaan Vrints: 3 patients 

and 7 registry patients.  

Austria; national coordinator: Kurt Huber, Vienna 

Wilheminenspital Kardiologie-Wien, Wien, Austria: Kurt Huber: 5 patients and 8 registry 

patients; Medizinische Universität Wien, Wien, Austria: Irene Marthe Lang, Philipp Pichler: 5 

patients and 0 registry patients; Krankenanstalt Rudolfstiftung Wien, Wien, Austria: Franz 

Weidinger: 0 patients and 2 registry patients; Universitätsklinikum Innsbruck, Innsbruck, 

Austria: Marc-Michael Zaruba: 2 patients and 0 registry patients. 

Poland; national coordinator: Janina Stepinska; Warsaw 

II Klinika Kardiologii, Uniwersytet Jagielloński, Krakow, Poland: Darius Dudek, Rafal Depukat: 

10 patients and 2 registry patients; Instytut Kardiologii – Warszawa, Warszawa, Poland: Janina 

Stepinska, Adam Witkowski: 3 patients and 1 registry patient; X Oddział Kardiologii Inwazyjnej, 

Tychy, Poland: Krzysztof Milewski: 2 patients and 1 registry patient; IV Oddział Kardiologii 

Inwazyjnej, PAKS, Kedzierzyn-Kozle, Poland: Janusz Prokopczuk: 2 patients and 0 registry 

patients; III Katedra i Oddział Kliniczny Kardiologii ŚAM Zabrze, Zabrze, Poland: Mariusz 

Gąsior: 1 patient and 2 registry patients; II Oddział Kardiologiczny PAKS, Bielsko-Biala, 

Poland:: Bogdan Gorycki: 1 patient and 0 registry patients; Zakład Kardiologii Inwazyjne – 

Katowice, Katowice-Ochojec, Poland: Andrzej Ochała: 0 patient and 1 registry patient. 

Italy; national coordinator: Stefano Savonitto; Lecco 



 7 

Manzoni Hospital, Lecco, Italy: Luigi Piatti: 1 patient and 14 registry patients; Ospedale G.B. 

Morgagni, Forlì, Italy: Marcello Galvani: 1 patient and 5 registry patients; Ospedale Niguarda 

Ca' Granda, Milano, Italy: Irene Bossi: 0 patients and 3 registry patients; IRCCS Arcispedale S. 

Maria Nuova, Reggio Emilia, Italy: Gianluca Pignatelli: 0 patients and 2 registry patients.  

United Kingdom; national coordinator: Keith Oldroyd, Glasgow 

Golden Jubilee National Hospital, Glasgow, United Kingdom: Keith Oldroyd: 10 patients and 6 

registry patients; Leeds General Infirmary, Leeds, United Kingdom: John Greenwood: 11 

patients and 18 registry patients; Royal Free Hospital London, London, United Kingdom; Tim 

Lockie: 7 patients and 19 registry patients. Royal Stoke University Hospital, Stafford, United 

Kingdom; Mamas Mamas: 0 patients and 4 registry patients.  
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3) Trial Registration 
 

This trial is registered with www.ClinicalTrials.gov: NCT01927549. The time of final approved 

trial registration was August 14th 2013. First patient inclusion was April 15th 2013 at the Heart 

Center Leipzig – University Hospital, Leipzig, Germany.  

Thus, there was a delay of trial registration before first patient inclusion which was induced 

by a misunderstanding between the project coordination for the EU grant (at this time 

gabo:mi, later on ARTTIC) and the clinical project coordination at the investigator's site at the 

Heart Center Leipzig - University of Leipzig. According to initial communication registration 

should be performed by gabo:mi. When the study coordinator recognized that it has not been 

performed we immediately registered it at clinicaltrials.gov. At this time only 13 patients at the 

Heart Center Leipzig – University Hospital (and no other study site) have been included into 

the trial. 

 
  

http://www.clinicaltrials.gov/
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4) Informed Consent Process in Participating Countries 
 
“Informed consent in cardiogenic shock is generally difficult because the majority of patients 

is intubated and mechanically ventilated or show altered mental status. Therefore, a 

dedicated informed consent process was applied and approved by the ethical committees 

(slightly differing between the participating countries).  

The informed consent process in the participating countries is shown below:”  

 

 Country Informed consent procedure 
 

Germany 

4 different informed consent forms: 
1. Patient is unable to consent: 2 independent physicians assess patient’s 
will (if possible by contact with relatives) 
2. Patient is only partly able to consent: short version of informed consent 
3. Patient is able to consent: long version of informed consent  
4. Patient stabilizes: retrospective long version of informed consent 

This process was only different for centers of the ethical committee of the 
Landesärztekammer Rheinland-Pfalz where only version 1. was allowed. 

Austria 
2 different informed consent forms: 
1. Patient is able to consent  
2. Patient is not able to consent 

Switzerland 

4 different informed consent forms: 
1. Patient is unable to consent: 2 independent physicians assess patient’s 
will (if possible by contact with relatives) 
2. Patient is only partly able to consent: short version of informed consent 
3. Patient is able to consent: long version of informed consent  
4. Patient stabilizes: retrospective long version of informed consent 

Italy 

2 different informed consent forms: 

1. Short version 
2. Extended version 
Italy by law was not allowed to enter patients into the randomized clinical trial 
if the patient was unable to consent. In this case, patients entered the 
registry.  

Belgium 

4 different informed consent forms: 
1. Patient is unable to consent: 2 independent physicians assess patient’s 
will (if possible by contact with relatives) 
2. Patient is only partly able to consent: short version of informed consent 
3. Patient is able to consent: long version of informed consent  
4. Patient stabilizes: retrospective long version of informed consent 

Poland 

4 different informed consent forms: 
1. Patient is unable to consent: 2 independent physicians assess patient’s 
will (if possible by contact with relatives) 
2. Patient is only partly able to consent: short version of informed consent 
3. Patient is able to consent: long version of informed consent  

4. Patient stabilizes: retrospective long version of informed consent 

Slovenia 

The  informed  consent  procedure  in  Slovenia  requires  no  consent  prior  
to  randomization. Patients need to sign consent only after they have 
regained the ability to consent after the procedure and in case of survival. 
Thus, there is only one patient informed consent version.  
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Lithuania 
The  informed  consent  procedure  in  Lithuania  requires  the  consent  of  
two  physicians  and  an independent third person in case the patient is not 
able to consent. 

United 
Kingdom 

The informed consent procedure in Scotland differs from the process 
applicable e.g. in Germany. A relative must be informed and provide consent 
for patients not capable of providing own consent. If a patient survives, 
further consent is not mandatory, but desirable. Thus, a short form with the 
consent of a relative is sufficient.  

 
The  informed  consent  procedure  in  the  UK  without Scotland requires  
two  physicians  to  consent  in representation of the patient, in case he or 
she lacks the capacity to consent. In this case, the patient has to be 
consented retrospectively. Capable patients are first consented using a short 
form prior to randomization and a long form after recovery to full consent. 

France 

The informed consent procedure in France requires a third person to consent 
in addition to the treating physician in case of a patient’s inability to consent.  
In this case, patients need to sign consent after they have regained the 
ability to consent after the procedure and in case of survival. 

The 
Netherlands 

The  informed  consent  procedure  in  the  Netherlands  requires  no  
consent  prior  to randomization.  Patients  need  to  sign  consent  only  after  
they  have  regained  the  ability  to consent after the procedure and in case 
of survival. Thus, there is only one patient informed consent version.  
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5) Outcome Definitions 
  
Death 

Death of all cause.   
 
Death cardiovascular  

Death due to cardiovascular causes, such as heart failure, cardiac arrhythmias, myocardial 
infarction, sudden cardiac death or all deaths of unknown cause. 
 
Severe renal failure requiring renal replacement therapy 

Any indication for renal replacement therapy such as dialysis, hemofiltration or 
hemodiafiltration such as renal failure with one of the following criteria: 

- Otherwise untreatable volume overload 
- hyperpotassemia (>6.0 mmol/L) 
- severe uremia (BUN >50 mg/dL or >8.4 mmol/L) 
- persistent severe metabolic acidosis (pH <7.2) 

 
Myocardial reinfarction  

The definition of myocardial reinfarction in the CULPRIT-SHOCK trial is based on the 
universal definition of myocardial infarction.1 Thus, myocardial reinfarction is defined 
according to the specific situation (see Table 4). 

Re-MI 

<24 h 

Re-MI 

24 h – 7 days 

Re-MI 

>7 days 

Symptoms, such as angina pectoris 
for ≥20 minutes, most likely due to 
myocardial ischemia  

and or  
new ST-elevation ≥1 mm in ≥2 
contiguous leads or new left bundle 
branch block 

or 
angiographic evidence of re-
occlusion of a previously open 
coronary artery or graft 

Symptoms, such as angina pectoris 
for ≥20 minutes, most likely due to 
myocardial ischemia  

and or  
if cardiac markers are still elevated, 
new increase >20%  from the last 
non-normalized measurement 

or 
if cardiac markers are normalized, 
application of the “universal 
definition” for myocardial infarction  

 (see next column) 
 
 
 

 
 
 
 

 
 
 
 

“Universal definition” for myocardial 
infarction  
 
1. Rise and/or fall of cardiac 

biomarkers above the 99
th

 
percentile of the upper reference 
limit together with evidence of 

myocardial ischemia with at least 
one of the following: 

     Symptoms of ischemia 

 ECG changes indicative of 

new ischemia 

 Development of pathological 
Q waves in ECG 

 Imaging evidence of new loss 

of viable myocardium or new 
regional wall motion 
abnormality 

2. Sudden, unexpected cardiac 

death with ST-elevation and 
presumably new LBBB or evidence 
of fresh thrombus by coronary 
angiography, but death occurring 

before blood samples could be 
obtained, or at a time before the 
appearance of cardiac biomarkers 
in the blood. 
3. Peri-PCI myocardial infarction: 

increases of biomarkers > 3 of the 
upper reference level  
4.  Peri-CABG myocardial infarction:  

increases of biomarkers > 5 of the 
upper reference level plus new 
pathological Q waves or new LBBB 
or angiographically documented 

new graft or native coronary artery 
occlusion 
 5. Pathological findings of acute 

myocardial infarction  
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Repeat revascularization 

Any revascularization procedure (PCI or CABG) after the initial intervention including planned 
staged and urgent revascularization. 
 
Chronic total occlusion (CTO) 

Complete obstruction of a coronary artery, described as ≥99% stenosis of >3 months 

duration with poor or no antegrade blood flow (TIMI 0-1). 
 
Stent thrombosis 

Stent thrombosis is classified in definite, probable and possible stent thrombosis according to 
the Academic Research Consortium (ARC) definition:2 

Definite Probable 

 

Possible 

 

Acute coronary syndrome 
and angiographic OR  
pathological confirmation of 
stent thrombosis 
 

Unexplained death within the 
first 30 days OR  
acute ischemia in the territory 
of an implanted stent without 
angiographic confirmation of 
stent thrombosis in the 
absence of another culprit 
lesion 

Unexplained death >30 days  

 
Bleeding complications  

Bleeding complications will be classified according to 3 different definitions (for further 

evaluation which one best predicts outcome in cardiogenic shock patients). 
BARC bleeding definition:3 

Type 
 

Bleeding definition 

Type 0 no bleeding 
Type 1 bleeding that is not actionable and does not cause the patient to seek 

unscheduled performance of studies, hospitalization, or treatment by a 
healthcare professional; may include episodes leading to self-discontinuation of 
medical therapy by the patient without consulting a healthcare professional 

Type 2 any overt, actionable sign of hemorrhage (e.g., more bleeding than would be 
expected for a clinical circumstance, including bleeding found by imaging alone) 
that does not fit the criteria for type 3, 4, or 5 but does meet at least one of the 
following criteria: 
(1) requiring nonsurgical, medical intervention by a healthcare professional 
(2) leading to hospitalization or increased level of care, or 
(3) prompting evaluation 

Type 3  
Type 3a 
 

Overt bleeding plus hemoglobin drop of 3 to <5 g/dL* (provided hemoglobin drop 
is related to bleed)  
Any transfusion with overt bleeding 

Type 3b 
 

Overt bleeding plus hemoglobin drop ≥5 g/dL* (provided hemoglobin drop is 
related to bleed) 

Cardiac tamponade 
Bleeding requiring surgical intervention for control (excluding 
dental/nasal/skin/hemorrhoid) 
Bleeding requiring intravenous vasoactive agents 

Type 3c 
 

Intracranial hemorrhage (does not include microbleeds or hemorrhagic 
transformation, does include intraspinal) 
Subcategories confirmed by autopsy or imaging or lumbar puncture 
Intraocular bleed compromising vision 

Type 4 CABG-related bleeding  
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Perioperative intracranial bleeding within 48 h  
Reoperation after closure of sternotomy for the purpose of controlling bleeding 
Transfusion of ≥5 U whole blood or packed red blood cells within a 48-h period† 
Chest tube output ≥2L within a 24-h period 

Type 5 Fatal bleeding 
Type 5a 
 

Probable fatal bleeding; no autopsy or imaging confirmation but clinically 
suspicious 

Type 5b 

 

Definite fatal bleeding; overt bleeding or autopsy or imaging confirmation 

 

GUSTO-definition:4 

Severe/life-threatening 
bleeding complications 

Moderate bleeding  

 

Mild bleeding 

 

Intracranial hemorrhage or 

bleeding that causes 
hemodynamic compromise     
requiring intervention  
 

Bleeding that requires blood 
transfusion but does not 
result in hemodynamic 
compromise 
 

Bleeding that does not meet 
criteria for either severe or 
moderate bleeding. 
 

 

TIMI definition:5 

Classification Description 

TIMI major Any intracranial bleeding (excluding microhemorrhages <10 mm evident 
only on gradient-echo MRI) 
Clinically overt signs of hemorrhage associated with a drop in hemoglobin 
of ≥5 g/dL 
Fatal bleeding (bleeding that directly results in death within 7 d) 

TIMI minor Clinically overt (including imaging), resulting in hemoglobin drop of 3 to <5 
g/dL 

 
Stroke 

Stroke will be classified in hemorrhagic (cranial CT, MRI, or autopsy) or non-hemorrhagic. 
Stroke is defined as an acute new neurological deficit ending in death or lasting longer than 
24 hours, and classified by a physician as a stroke. 
1. Primary hemorrhagic - defined as an intracerebral hemorrhage or subdural hematoma 

a. Intracerebral hemorrhage - Stroke with focal collections of intracerebral blood 
seen on brain imaging (CT or MRI) or a post-mortem examination, not felt to 
represent hemorrhagic conversion. Subarachnoid hemorrhage should be 
included in this category.  

b. Subdural hematoma - High density fluid collection in subdural space on brain 
images or blood in the subdural space on autopsy. 

2. Non-hemorrhagic cerebral infarction - Stroke without focal collections of intracerebral 
blood on brain imaging. 

3. Non-hemorrhagic infarction with hemorrhagic conversion - Cerebral infarction with blood 
felt to represent hemorrhagic conversion and not a primary hemorrhage. 

4. Uncertain - Any stroke without brain imaging (CT or MRI) or autopsy documentation of 
type, or if tests are inconclusive. 

 
New congestive heart failure 

 
Occurrence of congestive heart failure after hospital discharge: 
Defined as; 

    Re-hospitalization due to new or worsening heart failure >24 h after hospital 
discharge. 
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Infarct artery/culprit vessel 

Artery responsible for acute myocardial infarction. 
In general its identification is based on 

1) ECG 
2) Wall motion abnormalities 
3) Angiographic morphology of the lesion (e.g. ulceration and/or thrombus 

consistent with plaque rupture).  
 
Patency of culprit vessel and additional major vessels before and after PCI (TIMI-Flow) 

The TIMI-flow is visually assessed according to the following grading system:6 
 

Grade Perfusion Characterization 

0 No Perfusion No antegrade flow beyond the point of occlusion 

1 Penetration without 
perfusion 

Contrast material passes beyond the area of 
obstruction but fails to opacify the entire coronary 
distal bed 

2 Partial reperfusion Contrast material passes across the obstruction 
with delayed entry and clearance from the distal 
bed 

3 Complete reperfusion Normal flow 
 
Hemodynamic stability criterion 

Sustained (> 60 min) systolic blood pressure >90 mmHg 
WITHOUT requirement for catecholamines  
AND  
WITHOUT signs of peripheral endorgan hypoperfusion 
 
Sepsis 

Sepsis is defined according to the ACCP/SCCM Consensus-conference plus additional 

elevated pro-calcitonin ( 2 pg/ml).7,8 

 

I) Signs of infection 

Diagnosis of infection via microbiological evaluation or by clinical criteria 

II) Systemic Inflammatory Response Syndrome (SIRS) (≥2 criteria required) 

 Body temperature >38°C or <36°C  
 Tachycardia: Heart rate >90/min  
 Tachypnoe: ventilation rate >20/min or hyperventilation (PaCO2 <4,3 kPa or 33 

mmHg)  

 White blood cell count (>12.000/mm3) or (<4.000/mm3) or >10 % premature 
neutrophil granulocytes  

 
SAPS II-Score 

The severity of cardiogenic shock and concomitant organ dysfunction will be assessed by the 
SAPS II-Score.9 This score is evaluated on a routine basis in all hospitals in Germany. The 
calculation of the SAPS II-Score can be done using the following link: 
http://www.sfar.org/scores2/saps2.html. The individual parameters of the SAPS-II-score can 
be found in Figure 5. 

http://de.wikipedia.org/wiki/Systemisches_inflammatorisches_Response-Syndrom
http://de.wikipedia.org/wiki/K%C3%B6rpertemperatur
http://de.wikipedia.org/wiki/Tachykardie
http://de.wikipedia.org/wiki/Tachypnoe
http://de.wikipedia.org/wiki/Hyperventilation
http://de.wikipedia.org/wiki/Granulozyten
http://www.sfar.org/scores2/saps2.html
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Figure: Parameters of the SAPS-II Score9 
 
Quality of life 

Quality of life will be assessed using the Euroqol 5D-questionnaire (www.euroqol.org): 
 

Euroqol 5D: Quality of life 

Mobility  Pat. has no problems in walking about  

 Pat. has some problems in walking about 

 Pat. is confined to bed 

Self-Care  Pat. has no problems with self-care  

 Pat.  has some problems washing or dressing himself  

 Pat. is unable to wash or dress himself 

Usual Activities 
(e.g. work, study, housework, family or 
leisure activities) 

 Pat. has no problems with performing his usual activities 

 Pat. has some problems with performing his usual activities 

 Pat. is unable to perform his usual activities 

Pain/Discomfort  Pat. has no pain or discomfort 

 Pat. has moderate pain or discomfort 

 Pat. has extreme pain or discomfort 

Anxiety/Depression  Pat. is not anxious or depressed 

 Pat. is moderately anxious or depressed 

 Pat. is extremely anxious or depressed 

In comparison to the general health 
state (GHS) in the past 12 months, 
today’s GHS of the patient is 

 better 

 overall similar 

 worse 

How does the patient scales his GHS 
today? 
Best imaginable GHS: 100% 
Worst imaginable GHS: 0% 

  
 

% 

http://www.euroqol.org/
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6) List of End Points 
 
End Points  

30-day all-cause mortality and/or severe renal failure    Table 3, Figure 1a 

30-day all-cause mortality         Table 3, Figure 1b 

30-day severe renal failure        Table 3, Figure 1c 

30-day recurrent myocardial infarction     Table 3 

30-day rehospitalization for congestive heart failure   Table 3 

30-day death/recurrent infarction/rehospitalization for    Table 3 

congestive heart failure  

30-day repeat revascularization      Table 3 

Time to hemodynamic stabilization       Table 2 

Requirement of catecholamine therapy     Table 2 

Duration of catecholamine therapy      Table 2 

Length of mechanical ventilation      Table 2 

Length of intensive care unit stay      Table 2 

Procedural success        not assessable 

Serial SAPS-II score         Figure S2 

Serial estimated creatinine clearance     Figure S4 

Serial high-sensitive troponin       Figure S5 

Serial creatine kinase        Figure S6 

Serial creatine kinase myocardial band fraction    not assessable 

 

Safety 

Bleeding (BARC) grade 2-3 and 5       Table 3 

Stroke          Table 3 
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7)  Figure S1 – Trial Flow       

Screening, randomization, management strategy, and follow-up at 30 days for the  

intention-to-treat analysis 

PCI=percutaneous coronary intervention 

CABG=coronary artery bypass grafting 

 

Definition of per–protocol population: 
The per-protocol population was defined by patients fulfilling the in- and exclusion criteria 

and non-cross-over patients undergoing successful or unsuccessful revascularization. Cross-
over patients were any intention-to-treat subjects undergoing a different treatment than the 
treatment indicated by the result of randomization.  
Patients who died before start of revascularization or who did not undergo any 
revascularization attempt for other reasons were not included in the per-protocol analysis.  
In addition, patients with significant deviations from the study protocol were excluded from 
the per-protocol population. The decision of a significant deviation from the study protocol 
was made by the steering committee. 
The per-protocol population of the culprit lesion only arm excluded 43 patients undergoing 
immediate multivessel PCI, but did not exclude the 56 undergoing staged PCI. The patients 
with single vessel disease were also excluded. Thus, the per-protocol population in the 
culprit lesion only arm included 299 patients.  

The per-protocol population included 310 patients undergoing multivessel PCI and excluded 
those undergoing culprit-lesion only PCI even if they underwent staged PCI. The patients 
with single vessel disease and the one lost to follow-up were also not included. Accordingly, 
the per-protocol in the immediate multivessel PCI arm consisted of 307 patients. 
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8)  Figure S2 – Simplified Acute Physiology Score – II    

SAPS-II score during daily follow-up until hemodynamic stabilization. 

SAPS-II is calculated from 17 variables; scores range from 0 to 163, with higher scores 

indicating more severe disease.10  

The variables included into the SAPS-II score are: 1) age; 2) heart rate; 3) systolic blood 

pressure; 4) body temperature; 5) mechanical ventilation; 6) PaO2 (partial pressure of O2 in 

the blood); 7) FiO2 (fraction of inspired O2); 8) urine output; 9) blood-urea-nitrogen; 10) white 

blood cell count; 11) potassium; 12) sodium; 13) bicarbonate; 14) bilirubin; 15) Glasgow 

coma scale; 16) history of chronic diseases; 17) type of admission. 

Plots showing the median and interquartile range. 

PCI=percutaneous coronary intervention 

There was no adjustment for multiple testing. 
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9)  Figure S3 – Arterial Lactate      

Arterial lactate during measurements every 8 h for 48 h. 

Plots showing the median and interquartile range.  

PCI=percutaneous coronary intervention 

There was no adjustment for multiple testing. 
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10)    Figure S4 – Renal Function 

Estimated glomerular filtration rate during daily follow-up until hemodynamic stabilization.  

Estimated glomerular filtration rate was calculated using the Cockcroft-Gault-formula.11 

Plots showing the median and interquartile. 

PCI=percutaneous coronary intervention 

There was no adjustment for multiple testing. 
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11)  Figure S5 – High-Sensitive Troponin T 

High-sensitive (hs) Troponin T during daily follow-up. 

Plots showing the median and interquartile range. 

PCI=percutaneous coronary intervention 

There was no adjustment for multiple testing. 
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12) Figure S6 – Creatine Kinase 

Creatine kinase during daily follow-up. 

Plots showing the median and interquartile range. 

PCI=percutaneous coronary intervention 

There was no adjustment for multiple testing. 
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13)  Table S1 – Individual Case Reports of Cross-overs  
from Culprit-Only PCI to Immediate Multivessel PCI    

 
Center No. Case No. Value 

4830 10 initially thrombotic occlusion ostial LAD, after PCI thrombus in LCX and 
occlusion of LCX, patient with progression of hemodynamic deterioration 

4113 2 PCI LAD (culprit lesion) failed, so PCI RCA instead to improve the condition. 

4830 95 Physician decision, not based on hemodynamic situation 

9843 1 massive cardiogenic shock  significant stenosis also in proximal LAD and mid 
LCX => possibly no benefit of staged revascularization 

7792 7 After stenting of ostial LAD plaque shift to LCX, after that PCI with DEB in LCX 

9640 3 bifurcation lesion 

2311 11 Initially operator believed the segment 12 belongs to the LAD and 
performed additional stenting.  Finally the segment 12 should be classified 
as a part of LCX.  The stenosis of the main branch of LCX and the RCA were 
not treated. 

3920 6 Initially, despite multiple attempts the culprit lesion (RCA) could not be 
recanalized by multiple guide wires. The acute thrombotic occlusion was 
located directly proximal to a high-grade calcified stenosis. Therefore, as 
ultima ratio the additional LCX stenosis was intervened because based on 
ECG this stenosis may also have contributed to acute ischemia. In second 
attempt RCA was successfully recanalized and stented.  

3920 8 After PCI of culprit lesion in LCX there is a new significant lesion in left main 
which requires PCI to LAD.  After left main PCI no-reflow in LAD with 
subsequent PCI of LAD. Additional stenoses remain in RCA, distal LAD und 
obtuse marginal. 

6912 5 Otherwise stent-placement (culprit lesion) in non-diseased vessel would not 
have been feasible 

5603 2 There was a stenosis extending from left main to LCX after PCI, that's why 
both stenoses were stented. 

3873 8 A second presumably also acute occlusion was noticed after PCI of culprit 
lesion: RDP. This lesion was therefore threated in the same PCI setting. 
Other lesions were left untreated. 

7553 2 By implantation stent in LAD there was a plaque shift in LCX -> Culotte 
stenting in main stem and LCX was absolute necessary 

7553 5 Persistent hemodynamic instability despite high catecholamine doses with 
indication for Impella implantation 

4145 13 diffuse coronary atherosclerosis, the proximal culprit lesion continues to 
segment 2 

7553 17 severe left main stem stenosis 

6912 7 Progressive stenosis of ostial LCX after PCI of culprit lesion 

5603 7 The PCI was done on the extension of culprit lesion. 

2311 15 Live saving step to achieve better perfusion under ECLS therapy 

7553 23 hemodynamically relevant main stem stenosis 

5233 6 Bifurcation of the circumflex artery and the left descending artery 

6767 10 operator preference 
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6907 25 operator preference 

6767 11 operator preference 

6907 34 Decision to complete revascularization due to increasing hypotension and 
loss of pressure 

6907 43 Decision to complete revascularization due to increasing hypotension and 
loss of blood pressure 

7553 43 Because of subtotal LAD stenosis decision to immediate PCI of additional 
lesions 

8483 21 Consultant felt patient had multiple culprit lesions involving proximal LAD, 
LCX and OM which all required primary intervention. Not based on 
hemodynamic situation. 

6392 3 operator preference 

2311 18 still hemodynamic instability 

9237 1 Culprit lesion was from proximal to mid LAD. 

6907 75 operator preference 

6907 76 hemodynamic instability and  clinical deterioration cross-over in multivessel 
PCI arm 

1679 34 Culprit lesion despite initial clear assessment was not 100% determinable 
after PCI -> additional PCI of presumably other culprit lesion performed. 

7553 60 left-dominant coronary circulation 

6907 79 operator preference 

6907 80 critical condition and resuscitation during PCI 

9829 14 Dissection post PCI in LCX with thrombus 
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14)  Table S2 – Individual Case Reports of Crossovers from  
Immediate Multivessel PCI to Culprit-Only PCI     

 
Center No. Case No. Value 

4830 56 Patient died before PCI of additional lesions 

6657 1 PCI of native diagonal branch and LCX technically not possible, stenosis of RCA 
probably chronic total occlusion -> could not be recanalized; PCI of LAD not done 
because of long Intervention-time and high use of contrast medium 

7792 3 Patient had one lesion in RCA segment 2 which was not intervened for technical 
reasons 

4145 5 After culprit PCI, the patient went into refractory cardiac arrest requiring VA 
ECMO implantation. It was decision of attending interventional cardiologist not to 
proceed with PCI of non-culprit after ECMO because of the priorities of other 
interventions. 

3870 4 Died before PCI of additional lesions 

8095 1 Initial intubation of RCA with Judgkins left 4 catheter, later on with Amplatzer left 
1. Multiple guide wires (BMW, Sion blue, Fielder XT) and Finecross catheter no 
success of CTO recanalization (old stents in RCA?). Therefore, PCI of LAD only. 

6037 33 Death in cath lab after PCI of culprit lesion. 

8401 3 death of patient 

8483 3 Patient died during intervention to culprit lesion. 

3873 12 Practical limitations due to contrast dye 

7313 13 Resuscitation was initiated. Because of persistent pump failure resuscitation was 
stopped after 30 minutes. The patient died subsequently 

1313 1 Bystander LCX disease would have needed rotablation, LAD known CTO since 
2010 

7403 12 no safe catheter and wire placement possible due to abnormal take-off of the 
RCA 

3464 2 huge volume  of contrast injected, probably stroke on the cath lab table 

7553 22 stenosis presumably hemodynamically not relevant and unclear neurological 
outcome due to hypoxemia 

1005 10 Peri-interventional  refractory ventricular fibrillation, treatment with Impella and 
LUCAS system 

2767 5 due to presence of full TIMI 3 flow in the  LCX artery and need to quickly proceed 
to implement hypothermia therapy as soon as possible due to presumed long 
period of ventricular fibrillation before emergency team intervention 

1679 21 prolonged resuscitation with need for veno-arterial ECMO 

4795 2 Death before PCI of other lesions 

6037 70 High contrast volume and perforation of mid LAD (culprit lesion) 

8483 13 PCI to LAD disease attempted but lesion appeared to be a CTO which could not be 
crossed with a guidewire. The operator decided to end the procedure as PCI could 
not be completed and the patient developed more severe acute pulmonary 
edema. 

4944 8 New cardiorespiratory arrest after LAD intervention. Unfavorable evolution with 
major vasoplegia 

7778 9 long procedure duration, high contrast agent consumption 
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6907 65 Additional LCA stenoses due to high-grade ostial LCX stenosis not accessible for 
PCI. Therefore, restriction to left main PCI only  

9237 4 Initial estimation of the LCX stenosis was non-significant (<50%), and therefore no 
PCI of the CX lesion was performed. However, the analysis of angiography on the 
next day confirmed that the proximal CX indeed had a significant >70% stenosis. 

5603 26 During the PCI ventricular fibrillation was observed. The patient was defibrillated. 
After defibrillation pulseless electrical activity was observed. Patient was 
resuscitated without effect and the patient died. 

9237 5 The RCA was occluded. However, due to the total occlusion of the vessel, the PCI 
was not possible. 
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15) Table S3 – Causes of Death at 30 Days 
 

 Culprit only PCI 

(n=344) 

Multivessel PCI 

(n=341) 

P-Value 

All-cause mortality; n/total (%) 149/344 (43.3) 176/341 (51.5) 0.03 

Death cause   0.12 

Sudden cardiac death; n/total (%) 11/149 (7.4) 12/176 (6.8)  

Refractory cardiogenic shock¸ 

n/total (%) 

104/149 (69.8) 108/176 (61.4)  

Recurrent myocardial infarction; 

n/total (%) 

2/149 (1.3) 2/176 (1.1)  

Brain injury; n/total (%) 11/149 (7.4) 25/176 (14.2)  

Sepsis; n/total (%) 10/149 (6.7) 8/176 (4.5)  

Unknown cause; n/total (%) 2/149 (1.3) 9/176 (5.1)  

Other cause; n/total (%) 9/149 (6.0) 12/176 (6.8)  
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16) Clinical Outcomes at 30 Days for Registry Patients 
 

 n/total (%) 

All-cause mortality and renal replacement therapy; n/total (%) 169/369 (45.8) 

All-cause mortality; n/total (%) 160/369 (43.4) 

Renal replacement therapy; n/total (%) 29/369 (7.9) 

Indication for renal replacement therapy  

Hyperkalemia (>6 mmol/L); n/total (%) 5/29 (17.2) 

Metabolic acidosis (pH <7.2); n/total (%)) 13/29 (44.8) 

Uremia (blood urea >50 mg/dL); n/total (%) 13/29 (44.8) 

Volume overload; n/total (%) 9/29 (31.0) 

Other cause; n/total (%) 7/29 (24.1) 
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BACKGROUND
In patients who have acute myocardial infarction with cardiogenic shock, early revascular-
ization of the culprit artery by means of percutaneous coronary intervention (PCI) improves 
outcomes. However, the majority of patients with cardiogenic shock have multivessel dis-
ease, and whether PCI should be performed immediately for stenoses in nonculprit arteries 
is controversial.

METHODS
In this multicenter trial, we randomly assigned 706 patients who had multivessel disease, 
acute myocardial infarction, and cardiogenic shock to one of two initial revascularization 
strategies: either PCI of the culprit lesion only, with the option of staged revascularization 
of nonculprit lesions, or immediate multivessel PCI. The primary end point was a compos-
ite of death or severe renal failure leading to renal-replacement therapy within 30 days after 
randomization. Safety end points included bleeding and stroke.

RESULTS
At 30 days, the composite primary end point of death or renal-replacement therapy had 
occurred in 158 of the 344 patients (45.9%) in the culprit-lesion-only PCI group and in 189 
of the 341 patients (55.4%) in the multivessel PCI group (relative risk, 0.83; 95% confidence 
interval [CI], 0.71 to 0.96; P = 0.01). The relative risk of death in the culprit-lesion-only PCI 
group as compared with the multivessel PCI group was 0.84 (95% CI, 0.72 to 0.98; P = 0.03), 
and the relative risk of renal-replacement therapy was 0.71 (95% CI, 0.49 to 1.03; P = 0.07). 
The time to hemodynamic stabilization, the risk of catecholamine therapy and the duration 
of such therapy, the levels of troponin T and creatine kinase, and the rates of bleeding and 
stroke did not differ significantly between the two groups.

CONCLUSIONS
Among patients who had multivessel coronary artery disease and acute myocardial infarc-
tion with cardiogenic shock, the 30-day risk of a composite of death or severe renal failure 
leading to renal-replacement therapy was lower among those who initially underwent PCI 
of the culprit lesion only than among those who underwent immediate multivessel PCI. 
(Funded by the European Union 7th Framework Program and others; CULPRIT-SHOCK 
ClinicalTrials.gov number, NCT01927549.)
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The mortality associated with car-
diogenic shock in acute myocardial infarc-
tion can be reduced with the use of early 

revascularization, predominantly percutaneous 
coronary intervention (PCI), to restore blood flow 
to the culprit coronary artery.1-3 Up to 80% of pa-
tients who have cardiogenic shock present with 
multivessel coronary artery disease,4 and mortal-
ity is higher with multivessel disease than with 
single-vessel disease.5-7 The value of performing 
immediate PCI for clinically important stenoses 
of major nonculprit coronary arteries is contro-
versial, and to our knowledge, randomized trials 
that have addressed this issue have not included 
patients with cardiogenic shock.8-11

Several theoretical arguments support imme-
diate revascularization of all coronary arteries with 
clinically important stenoses or chronic total oc-
clusions in addition to the culprit lesion, particu-
larly in patients with cardiogenic shock. The most 
notable argument is the potential to improve 
overall myocardial perfusion and function. How-
ever, immediate multivessel PCI might pose ad-
ditional risks, such as induction of further is che-
mia, volume overload, and renal impairment due 
to the use of an increased dose of contrast mate-
rial. Current evidence from nonrandomized stud-
ies involving patients with cardiogenic shock 
suggests that mortality at short-term follow-up 
is higher after immediate multivessel PCI than 
after PCI of the culprit lesion only.12 Guideline 
recommendations differentiate between stable and 
unstable hemodynamic status.13,14 European guide-
lines recommend the consideration of immediate 
PCI of nonculprit lesions in patients with cardio-
genic shock. U.S. guidelines give no specific rec-
ommendation. However, recent U.S. appropriate-
use criteria indicate that it is appropriate to 
perform immediate revascularization of a non-
culprit artery if cardiogenic shock persists after 
revascularization of the culprit artery.13-15 The 
Culprit Lesion Only PCI versus Multivessel PCI in 
Cardiogenic Shock (CULPRIT-SHOCK) trial was 
designed to test the hypothesis that PCI of the 
culprit lesion only, with the option of staged re-
vascularization of nonculprit lesions, would result 
in better clinical outcomes than immediate multi-
vessel PCI among patients who have multivessel 
coronary artery disease and acute myocardial in-
farction with cardiogenic shock.

Me thods

Trial Design and Oversight

The trial design has been published previously.4 
This investigator-initiated, randomized, open-label, 
European multicenter trial involved patients who 
had acute ST-segment elevation or non–ST-seg-
ment elevation myocardial infarction that was 
complicated by cardiogenic shock, with planned 
early revascularization by means of PCI and an 
identifiable culprit lesion. The protocol (available 
with the full text of this article at NEJM.org) was 
designed by the principal investigator and was 
modified and approved by the steering committee4; 
it was also approved by all relevant ethics commit-
tees. The trial was registered at ClinicalTrials.gov 
4 months after enrollment of the first patient, as 
discussed in the Supplementary Appendix (avail-
able at NEJM.org).

The institutions that funded the trial had no 
involvement in the conduct of the trial. A coordi-
nating research organization, Institut für Herzin-
farktforschung (Institute for Myocardial Infarc-
tion Research), maintained the data and performed 
independent statistical analysis. The steering com-
mittee vouches for the integrity and completeness 
of the data, and the statistician vouches for the 
accuracy of the data analysis and the fidelity of 
the trial to the protocol.

Patients

Patients were eligible for the trial if they had acute 
myocardial infarction with cardiogenic shock. 
Additional eligibility criteria were planned early 
revascularization by means of PCI, multivessel 
coronary artery disease (defined as at least two 
major vessels [≥2 mm in diameter] with >70% 
stenosis of the diameter), and an identifiable 
culprit lesion. Criteria for cardiogenic shock in-
cluded a systolic blood pressure of less than 90 
mm Hg for longer than 30 minutes or the use of 
catecholamine therapy to maintain a systolic pres-
sure of at least 90 mm Hg, clinical signs of pul-
monary congestion, and signs of impaired organ 
perfusion with at least one of the following mani-
festations: altered mental status, cold and clammy 
skin and limbs, oliguria with a urine output of less 
than 30 ml per hour, or an arterial lactate level of 
more than 2.0 mmol per liter.

Exclusion criteria were resuscitation for longer 
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than 30 minutes, no intrinsic heart action, an as-
sumed severe deficit in cerebral function with fixed 
dilated pupils, an indication for primary urgent 
coronary-artery bypass grafting, single-vessel cor-
onary artery disease, a mechanical cause of car-
diogenic shock, the onset of shock more than 12 
hours before randomization, an age of more than 
90 years, shock with a noncardiogenic cause, mas-
sive pulmonary embolism, known severe renal 
insufficiency (creatinine clearance, <30 ml per 
minute), and other severe concomitant disease 
associated with a life expectancy of less than  
6 months. For all eligible patients, written in-
formed consent was obtained with the use of a 
prespecified process that varied slightly accord-
ing to country (see the Supplementary Appen-
dix).4 Patients with cardiogenic shock who were 
not eligible for randomization were entered into 
the prospective CULPRIT-SHOCK registry.

Randomization and Treatment

Patients underwent randomization immediately 
after diagnostic angiography. Randomization was 
performed centrally with the use of an Internet-
based program with randomly changing blocks of 
four or six and stratification according to center.

Patients were randomly assigned, in a 1:1 ratio, 
to one of two initial revascularization strategies: 
either PCI of the culprit lesion only, with the op-
tion of staged revascularization of nonculprit le-
sions, or immediate multivessel PCI. In all the 
patients, PCI of the culprit lesion was performed 
first, with the use of standard interventional tech-
niques. In patients in the culprit-lesion-only PCI 
group, all other lesions were to be left untreated 
at the time of the initial procedure. Staged revas-
cularization procedures were encouraged on the 
basis of the presence of residual ischemic lesions 
(evaluated by means of noninvasive testing or 
with the use of fractional flow reserve [FFR]), 
symptoms, and clinical and neurologic status. In 
patients in the multivessel PCI group, PCI of all 
major coronary arteries with more than 70% ste-
nosis of the diameter was to be performed. This 
included efforts to recanalize chronic total occlu-
sions during the acute phase; the recommended 
maximum dose of contrast material was 300 ml.

All other interventional therapeutic measures 
were allowed, independent of the assigned treat-
ment strategy. In particular, the use of mechan-

ical circulatory support was left to the discretion 
of the operator. Further therapy was provided in 
the intensive care unit (ICU) in accordance with 
generally accepted intensive care guidelines. If 
renal-replacement therapy was deemed to be nec-
essary, the method, duration, and reason for ini-
tiation (in accordance with predefined criteria) 
were documented.

Primary and Secondary End Points

The primary end point was a composite of death 
from any cause or severe renal failure leading to 
renal-replacement therapy within 30 days after 
randomization. Renal-replacement therapy (di-
alysis, hemofiltration, or hemodiafiltration) was 
considered for otherwise untreatable volume over-
load, hyperkalemia (potassium level, >6.0 mmol 
per liter), severe uremia (blood urea level, >50 mg 
per deciliter), or persistent severe metabolic aci-
dosis (pH, <7.2).4

Clinical secondary end points included the 
individual components of the primary end point, 
recurrent myocardial infarction, rehospitalization 
for congestive heart failure, and repeat revascular-
ization. Other secondary end points included time 
to hemodynamic stabilization, the use of catechol-
amine therapy and the duration of such therapy, 
the duration of the ICU stay, the Simplified Acute 
Physiology Score II (SAPS-II), and the use of me-
chanical ventilation and the duration of such 
therapy. For the assessment of renal and myocar-
dial injury, serial measurements of estimated cre-
atinine clearance and creatine kinase and troponin 
levels were obtained. Procedural success was 
included as a secondary end point but was not 
clearly prespecified, and therefore the results are 
not reported.

Safety end points included bleeding, which 
was defined as type 2, 3, or 5 on the Bleeding 
Academic Research Consortium (BARC) scale 
(with type 2 indicating any overt, actionable sign 
of bleeding; type 3 bleeding with a decrease in 
the hemoglobin level of >3 g per deciliter, any 
transfusion, cardiac tamponade, or intracranial 
or ocular involvement; and type 5 fatal bleed-
ing), as well as occurrence of stroke.4,16 Detailed 
definitions of the outcome measures and spe-
cific information regarding the reporting of in-
dividual prespecified end points are provided in 
the Supplementary Appendix.
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Characteristic

Culprit-Lesion-Only  
PCI Group 
(N = 344)

Multivessel  
PCI Group 
(N = 342)

Age — yr

Median 70 70

Interquartile range 60–78 60–77

Male sex — no./total no. (%) 257/343 (74.9) 267/342 (78.1)

Weight — kg

Median 80 80

Interquartile range 70–90 75–90

Height — cm

Median 174 175

Interquartile range 168–180 170–180

Body-mass index†

Median 26.6 26.7

Interquartile range 24.2–29.4 24.7–29.4

Cardiovascular risk factors — no./total no. (%)

Current smoking 85/334 (25.4) 89/325 (27.4)

Hypertension 200/339 (59.0) 206/335 (61.5)

Hypercholesterolemia 112/338 (33.1) 116/333 (34.8)

Diabetes mellitus 102/337 (30.3) 116/335 (34.6)

Previous myocardial infarction — no./total no. (%) 60/339 (17.7) 53/335 (15.8)

Previous stroke — no./total no. (%) 29/341 (8.5) 20/336 (6.0)

Known peripheral artery disease — no./total no. (%) 43/341 (12.6) 37/337 (11.0)

Previous PCI — no./total no. (%) 64/339 (18.9) 63/335 (18.8)

Previous coronary-artery bypass grafting — no./total no. (%) 20/341 (5.9) 13/337 (3.9)

Signs of impaired organ perfusion — no./total no. (%)

Altered mental status 237/341 (69.5) 224/341 (65.7)

Cold, clammy skin and limbs 233/338 (68.9) 236/335 (70.4)

Oliguria 80/334 (24.0) 93/326 (28.5)

Arterial lactate >2.0 mmol/liter 216/334 (64.7) 224/330 (67.9)

Fibrinolysis <24 hr before randomization — no./total no. (%) 19/341 (5.6) 15/341 (4.4)

Resuscitation before randomization — no./total no. (%) 177/341 (51.9) 189/342 (55.3)

ST-segment elevation myocardial infarction — no./total no. (%) 206/335 (61.5) 209/330 (63.3)

Anterior ST-segment elevation myocardial infarction — no./total no. (%) 108/205 (52.7) 114/206 (55.3)

Left bundle-branch block — no./total no. (%) 52/335 (15.5) 47/331 (14.2)

Systolic blood pressure — mm Hg

Median 100 100

Interquartile range 83–120 85–130

Diastolic blood pressure — mm Hg

Median 60 61

Interquartile range 50–80 50–80

Mean blood pressure — mm Hg

Median 76 76

Interquartile range 63–92 63–93

Table 1. Characteristics of the Patients at Baseline.*
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Statistical Analysis

To calculate the sample size, we estimated an 
event rate of the composite primary end point of 
death or renal-replacement therapy of 38% in the 
culprit-lesion-only PCI group and 50% in the mul-
tivessel PCI group.4 A sequential statistical design 
was chosen; one interim analysis was performed 
after 50% of all the patients who could be evalu-
ated had completed 30 days of follow-up. The 
global type I error level was 0.05. We calculated 
that a sample of 684 patients would give the trial 
80% power to rule out the null hypothesis of no 
difference between the two treatment groups in 
the event rate for the primary end point (at a two-
sided alpha level of 0.048 for the final analysis). 
To allow for a withdrawal rate of 3%, 706 patients 

were recruited. The software used for sample-
size calculation was nQuery Advisor, version 7.0 
(Statistical Solutions).

All data were analyzed according to the inten-
tion-to-treat principle. In addition, sensitivity anal-
yses were performed in the per-protocol and 
as-treated populations (defined in Fig. S1 in the 
Supplementary Appendix) to evaluate data robust-
ness. For the primary end point, chi-square test-
ing was performed to compare event rates. Bi-
nary secondary end points were assessed by means 
of Fisher’s exact tests or chi-square tests, and 
quantitative secondary end points were assessed by 
means of Mann–Whitney U tests. No correction 
for multiple testing was performed. Analyses were 
performed in subgroups that were defined accord-

Characteristic

Culprit-Lesion-Only  
PCI Group 
(N = 344)

Multivessel  
PCI Group 
(N = 342)

Heart rate — beats/min

Median 90 91

Interquartile range 73–109 72–107

Creatinine — mg/dl‡

Median 1.17 1.20

Interquartile range 0.90–1.66 0.90–1.68

Creatinine clearance — ml/min

Median 64 66

Interquartile range 42–95 43–93

No. of affected vessels — no./total no. (%)

1 3/343 (0.9) 2/342 (0.6)

2 122/343 (35.6) 124/342 (36.3)

3 218/343 (63.6) 216/342 (63.2)

Vessel related to the infarction — no./total no. (%)

Left anterior descending artery 132/343 (38.5) 156/342 (45.6)

Left circumflex artery 76/343 (22.2) 70/342 (20.5)

Right coronary artery 102/343 (29.7) 89/342 (26.0)

Left main artery 31/343 (9.0) 22/342 (6.4)

Bypass graft 2/343 (0.6) 5/342 (1.5)

≥1 Chronic total occlusion — no./total no. (%) 77/344 (22.4) 82/342 (24.0)

Left ventricular ejection fraction — %

Median 33 30

Interquartile range 25–40 21–40

*  PCI denotes percutaneous coronary intervention.
†  Body-mass index is the weight in kilograms divided by the square of the height in meters.
‡  To convert the values for creatinine to micromoles per liter, multiply by 88.4.

Table 1. (Continued.)
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Variable

Culprit-Lesion-Only  
PCI Group 
(N = 344)

Multivessel  
PCI Group 
(N = 342) P Value

Arterial access — no./total no. (%)

Femoral 287/343 (83.7) 277/342 (81.0) 0.36

Radial 61/343 (17.8) 66/342 (19.3) 0.61

Brachial 2/343 (0.6) 1/342 (0.3) >0.99

Stent in culprit lesion — no./total no. (%)

Any 326/343 (95.0) 324/342 (94.7) 0.86

Bare metal 20/326 (6.1) 17/324 (5.2) 0.63

Drug eluting 305/326 (93.6) 308/324 (95.1) 0.41

Bioresorbable scaffold in culprit lesion — no./total no. (%) 2/326 (0.6) 3/324 (0.9) 0.69

Aspiration thrombectomy of culprit lesion — no./total no. (%) 60/343 (17.5) 39/342 (11.4) 0.02*

TIMI grade for blood flow — no./total no. (%)†

Before PCI of culprit lesion

0 189/339 (55.8) 178/337 (52.8)

I 37/339 (10.9) 45/337 (13.4)

II 56/339 (16.5) 50/337 (14.8)

III 57/339 (16.8) 64/337 (19.0) 0.49

After PCI of culprit lesion

0 13/342 (3.8) 16/338 (4.7)

I 12/342 (3.5) 8/338 (2.4)

II 28/342 (8.2) 21/338 (6.2)

III 289/342 (84.5) 293/338 (86.7) 0.46

Immediate PCI of nonculprit lesions — no./total no. (%) 43/344 (12.5) 310/342 (90.6) <0.001

Immediate complete revascularization achieved — no./total  
no. (%)

26/344 (7.6) 277/342 (81.0) <0.001

Total dose of contrast material — ml <0.001

Median 190 250

Interquartile range 140–250 200–350

Total duration of fluoroscopy — min <0.001

Median 13 19

Interquartile range 7–20 12–29

Staged PCI of nonculprit lesions — no./total no. (%) 60/344 (17.4) 8/341 (2.3) <0.001

Staged coronary-artery bypass grafting — no./total no. (%) 1/344 (0.3) 0/341 >0.99

Mechanical circulatory support — no./total no. (%)

Any 99/344 (28.8) 95/342 (27.8) 0.77

Intraaortic balloon pump 25/99 (25.3) 26/95 (27.4) 0.74

Impella 2.5 percutaneous ventricular assist device 16/99 (16.2) 18/95 (18.9) 0.61

Impella CP percutaneous ventricular assist device 30/99 (30.3) 18/95 (18.9) 0.07

TandemHeart percutaneous ventricular assist device 2/99 (2.0) 0/95 0.50

Extracorporeal membrane oxygenation 18/99 (18.2) 27/95 (28.4) 0.09

Other 12/99 (12.1) 8/95 (8.4) 0.40

Heart transplantation — no./total no. (%) 1/343 (0.3) 0/340 >0.99

Mild hypothermia — no./total no. (%) 111/344 (32.3) 118/340 (34.7) 0.50

Table 2. Procedural Characteristics.
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ing to sex, age (<50 years, 50 to 75 years, or >75 
years), location of the infarction (anterior or 
nonanterior), number of affected vessels (two 
or three), type of myocardial infarction (ST-seg-

ment elevation or non–ST-segment elevation), 
and the presence or absence of diabetes, arte-
rial hypertension, previous infarction, and chron-
ic total occlusion.

Variable

Culprit-Lesion-Only  
PCI Group 
(N = 344)

Multivessel  
PCI Group 
(N = 342) P Value

Mechanical ventilation — no./total no. (%) 273/344 (79.4) 282/339 (83.2) 0.20

Duration of mechanical ventilation — days 0.97

Median 3 3

Interquartile range 1–7 1–7

Duration of intensive care treatment — days 0.61

Median 5 5

Interquartile range 2-12 2-11

Antiplatelet and anticoagulant drugs administered in the catheter-
ization laboratory — no./total no. (%)

Aspirin 259/344 (75.3) 240/341 (70.4) 0.15

Clopidogrel 65/344 (18.9) 61/341 (17.9) 0.73

Prasugrel 47/344 (13.7) 41/341 (12.0) 0.52

Ticagrelor 76/344 (22.1) 83/341 (24.3) 0.49

Glycoprotein IIb/IIIa inhibitor 74/344 (21.5) 73/341 (21.4) 0.97

Cangrelor 8/344 (2.3) 11/341 (3.2) 0.47

Unfractionated heparin 276/344 (80.2) 281/341 (82.4) 0.47

Low-molecular-weight heparin 50/344 (14.5) 49/341 (14.4) 0.95

Bivalirudin 16/344 (4.7) 24/341 (7.0) 0.18

Subsequent medications in those who survived until hospital dis-
charge — no./total no. (%)

Statin 184/195 (94.4) 152/165 (92.1) 0.40

Beta-blocker 181/195 (92.8) 148/165 (89.7) 0.29

Angiotensin-converting–enzyme inhibitor or angiotensin II 
type 1 receptor antagonist

176/195 (90.3) 140/165 (84.8) 0.12

Aspirin 191/195 (97.9) 163/165 (98.8) 0.54

Clopidogrel 89/195 (45.6) 73/165 (44.2) 0.79

Prasugrel 67/195 (34.4) 56/165 (33.9) 0.93

Ticagrelor 78/195 (40.0) 65/165 (39.4) 0.91

Catecholamine therapy — no./total no. (%) 304/344 (88.4) 309/339 (91.2) 0.23

Duration of catecholamine therapy — days 0.43

Median 2 2

Interquartile range 1–4 1–5

Time to hemodynamic stabilization — days 0.56

Median 3 3

Interquartile range 1–6 1–6

*  The difference between the two groups in the rate of aspiration thrombectomy would most likely not remain significant 
after adjustment for multiple testing.

†  Thrombolysis in Myocardial Infraction (TIMI) grades for blood flow range from 0 to III, with higher grades indicating 
better flow. TIMI grades were reported by the investigator.

Table 2. (Continued.)
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R esult s

Patients

From April 2013 through April 2017, a total of 
1075 patients with cardiogenic shock were screened 
at 83 European centers, and 706 of those patients 
(65.6%) were randomly assigned to the culprit-
lesion-only PCI group (351 patients) or the mul-
tivessel PCI group (355 patients). Data could be 
evaluated for 344 patients in the culprit-lesion-
only PCI group and for 342 patients in the multi-
vessel PCI group (Fig. S1 in the Supplementary 
Appendix). Baseline characteristics were well bal-
anced between the two treatment groups (Table 1).

Treatment

Procedural characteristics are shown in Table 2. 
Crossover from the culprit-lesion-only PCI group 
to the multivessel PCI group was reported in 43 
patients (12.5%); reasons for crossover are shown 
in Table S1 in the Supplementary Appendix. Staged 
revascularization was performed in 61 of the 344 
patients (17.7%) in the culprit-lesion-only PCI 
group. Crossover from the multivessel PCI group 
to the culprit-lesion-only PCI group was reported 
in 32 patients (9.4%); reasons for crossover are 
shown in Table S2 in the Supplementary Appendix.

The Thrombolysis in Myocardial Infarction 
(TIMI) grades for blood flow obtained before 
and after PCI of the culprit artery did not differ 
significantly between the two groups. More pa-
tients underwent aspiration thrombectomy in 
the culprit-lesion-only group than in the multi-
vessel PCI group. The overall dose of contrast 
material was significantly higher and the dura-
tion of fluoroscopy was significantly longer in the 
multivessel PCI group than in the culprit-lesion-
only group. There was no significant difference 
between the two groups with respect to the use 
of adjunctive medications or devices for mechani-
cal circulatory support. Most patients were treat-
ed with multiple antiplatelet and anticoagulant 
drugs, including aspirin, P2Y12 inhibitors, glyco-
protein IIb/IIIa inhibitors, and unfractionated 
heparin.

Primary and Secondary End Points

One patient in the multivessel PCI group was 
lost to follow-up before 30 days. Therefore, 344 
patients in the culprit-lesion-only PCI group and 
341 patients in the multivessel PCI group were 

included in the analysis of the primary and 
secondary end points (Fig. S1 in the Supple-
mentary Appendix).

At 30 days, the rate of the composite primary 
end point of death or renal-replacement therapy 
was significantly lower in the culprit-lesion-only 
PCI group than in the multivessel PCI group 
(45.9% vs. 55.4%; relative risk, 0.83; 95% confi-
dence interval [CI], 0.71 to 0.96; P = 0.01) (Ta-
ble 3 and Fig. 1A). Only minor variation in the 
relative risk was observed when the analysis was 
performed in the per-protocol population (44.8% 
in the culprit-lesion-only PCI group vs. 55.1% in 
the multivessel PCI group; relative risk, 0.81; 
95% CI, 0.69 to 0.96; P = 0.01) or the as-treated 
population (46.0% in the culprit-lesion-only PCI 
group vs. 55.1% in the multivessel PCI group; 
relative risk, 0.83; 95% CI, 0.72 to 0.97; P = 0.02). 
Prespecified subgroup analyses revealed consis-
tent results across all the subgroups (Fig. 2).

The rate of death from any cause was signifi-
cantly lower in the culprit-lesion-only PCI group 
than in the multivessel PCI group (43.3% vs. 
51.6%; relative risk, 0.84; 95% CI, 0.72 to 0.98; 
P = 0.03) (Table 3 and Fig. 1B). The causes of death 
are shown in Table S3 in the Supplementary Ap-
pendix. The rate of renal-replacement therapy did 
not differ significantly between the culprit-lesion-
only PCI group and the multivessel PCI group 
(11.6% and 16.4%, respectively; relative risk, 0.71; 
95% CI, 0.49 to 1.03; P = 0.07) (Table 3 and 
Fig. 1C). The rates of recurrent myocardial in-
farction, rehospitalization for congestive heart 
failure, bleeding, and stroke did not differ sig-
nificantly between the two groups (Table 3). Event 
rates for the primary end point and its components 
among patients in the CULPRIT-SHOCK registry 
are shown in Table S4 in the Supplementary Ap-
pendix.

The time to hemodynamic stabilization, the 
use of catecholamine therapy and the duration 
of such therapy, the duration of the ICU stay, and 
the use of mechanical ventilation and the dura-
tion of such therapy did not differ significantly 
between the two groups (Table 2). There was also 
no significant difference between the two groups 
in the SAPS-II score. The creatinine clearance and 
levels of arterial lactate, troponin, and creatine 
kinase were similar in the two treatment groups. 
(See Figs. S2 through S6 in the Supplementary 
Appendix.)
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Discussion

In this randomized, multicenter trial involving 
patients with multivessel coronary artery disease 
and acute myocardial infarction with cardiogenic 
shock, PCI of the culprit lesion only (with the op-
tion of staged revascularization of nonculprit le-
sions) was superior to immediate multivessel PCI 
with respect to a composite end point of death 
or renal-replacement therapy at 30 days. The dif-
ference was driven mainly by significantly lower 
mortality in the culprit-lesion-only PCI group.

Multivessel coronary artery disease is present 
in the vast majority of patients who have acute 
myocardial infarction with cardiogenic shock and 
is associated with higher mortality than single-
vessel disease.5 Thus, mortality at 30 days was 
higher in this trial than in other randomized trials 
involving patients with cardiogenic shock, despite 
similar inclusion criteria regarding cardiogenic 
shock.2,17-19 Although PCI of the culprit lesion is 
the established standard of care, the management 
of nonculprit lesions is the subject of intense de-
bate. Complete revascularization has been thought 

Outcome

Culprit-Lesion-Only 
PCI Group 
(N = 344)

Multivessel 
PCI Group 
(N = 341)

Relative Risk 
(95% CI) P Value

no./total no. (%)

Primary end point: death from any cause or renal-replacement 
therapy

158/344 (45.9) 189/341 (55.4) 0.83 (0.71–0.96) 0.01

Death from any cause* 149/344 (43.3) 176/341 (51.6) 0.84 (0.72–0.98) 0.03

Renal-replacement therapy 40/344 (11.6) 56/341 (16.4) 0.71 (0.49–1.03) 0.07

Indication for renal-replacement therapy

Hyperkalemia 7/40 (17.5) 9/56 (16.1)

Metabolic acidosis 18/40 (45.0) 20/56 (35.7)

Uremia 13/40 (32.5) 20/56 (35.7)

Volume overload 12/40 (30.0) 17/56 (30.4)

Other cause 6/40 (15.0) 4/56 (7.1)

Recurrent myocardial infarction 4/344 (1.2) 3/341 (0.9) 1.32 (0.30–5.86) 1.00

Rehospitalization for congestive heart failure 1/344 (0.3) 1/342 (0.3) 0.99 (0.10–9.50) 0.99

Death, recurrent myocardial infarction, or rehospitalization for 
congestive heart failure

151/344 (43.9) 179/342 (52.3) 0.84 (0.72–0.98) 0.03

Staged or urgent repeat revascularization 74/344 (21.5) 13/341 (3.8) 7.43 (3.61–15.31) <0.001

Stroke 12/344 (3.5) 10/341 (2.9) 1.19 (0.52–2.72) 0.68

BARC type 2, 3, or 5 bleeding†

Any 57/344 (16.6) 75/341 (22.0) 0.75 (0.55–1.03) 0.07

BARC 2 14/57 (24.6) 23/75 (30.7)

BARC 3a 21/57 (36.8) 28/75 (37.3)

BARC 3b 17/57 (29.8) 19/75 (25.3)

BARC 3c 0/57 2/75 (2.7)

BARC 5a 4/57 (7.0) 1/75 (1.3)

BARC 5b 1/57 (1.8) 2/75 (2.7)

*  Causes of death are shown in Table S3 in the Supplementary Appendix.
†  On the Bleeding Academic Research Consortium (BARC) scale, type 2 indicates any overt, actionable sign of bleeding; type 3a, overt bleed-

ing with a decrease in the hemoglobin level of 3 to less than 5 g per deciliter or any transfusion; type 3b, overt bleeding with a decrease in 
the hemoglobin level of 5 g or more per deciliter, cardiac tamponade, or surgical intervention; type 3c, intracranial hemorrhage or intraocu-
lar bleeding; type 5a, probable fatal bleeding; and type 5b, definite fatal bleeding.

Table 3. Clinical Outcomes at 30 Days.
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to be beneficial in improving ventricular func-
tion and hemodynamic status.13 However, the re-
sults of this trial and of nonrandomized studies 
have shown lower mortality with PCI of the cul-
prit lesion only than with multivessel PCI.12

The lack of benefit of immediate multivessel 
PCI in this trial might be related to the signifi-
cantly higher dose of contrast material that was 
used in the multivessel PCI group than in the 
culprit-lesion-only PCI group and a consequent 
decline in renal function. However, the incidence 
of severe renal failure leading to renal-replacement 
therapy did not differ significantly between the 
two groups. The higher dose of contrast material 
that was used in the multivessel PCI group than in 
the culprit-lesion-only PCI group may have also led 
to acute left ventricular volume overload and a 
subsequent negative effect on myocardial function 
and recovery. In addition, the prolonged duration 
of the multivessel PCI procedure may be hazard-
ous at a time when the patient is hemodynami-
cally compromised.

The findings of this trial are in contrast with 
the results of trials involving hemodynamically 
stable patients with myocardial infarction, which 
have shown a lower rate of major adverse cardiac 
events with either angiographically guided or FFR-
guided early multivessel PCI than with PCI of the 
culprit lesion only.8-11,20 However, these findings 
were driven mainly by the difference in the rate of 
repeat revascularization, which was counted as 
part of a composite end point, because repeat 
revascularization was usually performed during 
follow-up as staged revascularization procedures 
in patients who initially underwent PCI of the 
culprit lesion only. In our trial, staged revascu-
larization was encouraged and not counted as a 
disadvantage of the culprit-lesion-only PCI strat-
egy. In previous trials involving hemodynamically 

stable patients with myocardial infarction, there 
were no significant differences between the two 
treatment strategies in mortality or the rate of 
recurrent infarction. Among patients with cardio-
genic shock, the acute hazards of a prolonged 
procedure time (including the increased dose of 
contrast material) seem to outweigh any poten-
tial negative aspects of repeat revascularization.

In contrast with previous trials involving high-
ly selected patients with stable infarction, this trial 
did not specify the presence of a chronic total oc-
clusion as an exclusion criterion.8-11 This allowed 
for inclusion of a real-world cohort of patients 
with multivessel disease and cardiogenic shock. 
Chronic total occlusion is frequently present in 
patients with cardiogenic shock and is associated 
with adverse clinical outcomes.21,22 Exclusion of 
patients with a chronic total occlusion would have 
led to a major selection bias and a lower-risk co-
hort. Therefore, in the multivessel PCI group, im-
mediate recanalization of a chronic total occlusion 
was recommended. However, it was also advised to 
pursue recanalization attempts cautiously and to 
limit the total dose of contrast material to 300 ml. 
Complete revascularization was achieved in 81% 
of the patients in the multivessel PCI group. A 
previous trial involving patients with stable in-
farction showed no benefit of recanalization for 
chronic total occlusion of nonculprit lesions.23

This trial has several limitations. First, blind-
ing was not possible because of the nature of the 
intervention. Management of cardiogenic shock 
involves a complex series of clinical decisions, 
and it is not possible to fully eliminate some 
bias during the actual course of treatment. Sec-
ond, some patients could not be evaluated be-
cause of difficulties in obtaining final informed 
consent. The withdrawal rate was at the exact 
anticipated level of 3%. Third, 75 patients crossed 
over from their assigned treatment to the other 
treatment. Of these patients, 14 in the culprit-
lesion-only PCI group underwent immediate 
multivessel PCI for multiple reasons, including 
lack of hemodynamic improvement, plaque shifts, 
and the presence of newly detected lesions after 
treatment of the culprit lesion; these reasons sug-
gest that the treatment strategy may require adap-
tation to the specific clinical circumstances.

In conclusion, this randomized, multicenter 
trial showed that, among patients who had multi-

Figure 1 (facing page). Event Rates of the Primary End 
Point and Its Components at 30 Days.

Shown are Kaplan–Meier time-to-event curves for the 
primary end point of a composite of death from any 
cause or severe renal failure leading to renal-replace-
ment therapy (Panel A), as well as the individual com-
ponents of death from any cause (Panel B) and renal-
replacement therapy (Panel C), within 30 days after 
randomization. PCI denotes percutaneous coronary 
intervention.
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vessel coronary artery disease and acute myocar-
dial infarction with cardiogenic shock, the risk of 
a composite of death or renal-replacement therapy 
was lower among those who initially underwent 
PCI of the culprit lesion only than among those 
who underwent multivessel PCI. This outcome was 
mainly driven by lower mortality among patients 
who underwent culprit-lesion-only PCI.
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