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Mechanical circulatory support is an increasingly important treatment option, both in the 

operating theatre and in the cardiac catheterization laboratory. Temporary circulatory 

support with a minimally invasive mechanical ventricular assist device is beneficial as a 

prophylactic measure in the setting of high-risk percutaneous coronary interventions 

(PCI). In addition, it may be a valuable treatment strategy in acute myocardial infarction 

(MI) complicated by cardiogenic shock (CS). 

The rationale of temporary circulatory support in high-risk PCI is to provide a so-called 

safety-net; in surgery-ineligible patients with complex coronary lesions and a severely 

reduced left ventricular function, PCI is associated with a high-risk of peri-procedural 

severe hypotension and mortality. The prophylactic placement of a percutaneous 

mechanical circulatory support device may attenuate this risk, as it maintains cardiac 

output in case of transient hemodynamic derangement. 

In acute MI complicated by CS, the rationale of mechanical assist is two-fold; first of all, 

mechanical circulatory support breaks the detrimental vicious cycle of reduced cardiac 

output, reduced peripheral organ and coronary perfusion, multi-organ failure and 

death by enhancing coronary and systemic perfusion. Second, a mechanical circulatory 

support device may unload the left ventricle itself, which enables the recovery of stunned 

myocardium. Thus, left ventricular unloading may lead to infarct size reduction. As the 

IABP, which was the firstly developed minimally invasive mechanical circulatory support 

device, lacks efficacy in both settings, several other devices have been introduced. The 

Impella system, which is one of those newly developed devices, was the main focus of 

this thesis. 

Within this thesis, a wide variety of aspects of mechanical support with the Impella 

system have been addressed. The first part of the thesis was an introduction, which 

discussed several predictors of adverse outcome in ST-elevation MI complicated by CS. 

The research presented in the second part and main body of the thesis concerns a wide 

variety of aspects of Impella support. From 2004 onwards, all patients supported with 

an Impella device at our center have been entered into a dedicated database. The results 

of this registry are being discussed in the main body of this thesis, as outlined below. In 

addition to our single-center registry, we have collaborated with several other centers 

across Europe, which led to long-term follow-up data from a previously reported registry 

of Impella support in high-risk PCI. In addition, this collaboration led to a multicenter 

European registry of Impella support in CS, a two-center registry of the occurrence 

of stroke and a three-center registry of Impella support in postcardiotomy cardiogenic 

shock (PCCS). The main findings of the abovementioned research are detailed below. 
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Part I ST-elevation myocardial infarction

In Chapter 2.1, we evaluated the predictive value of the presence of mitral regurgitation 

(MR) on admission in patients with ST-elevation myocardial infarction (STEMI) 

complicated by CS and treated with primary PCI. For each grade of increase in MR, the 

odds for mortality increased with 71% when adjusted for age, gender, previous MI, LV 

function, the presence of multi-vessel disease and no-reflow. Thus, MR on admission 

independently predicts 1-year mortality in STEMI complicated by CS. Yet another 

echocardiographic potential risk factor for mortality was investigated in Chapter 2.2. 

We studied the predictive value of the presence of right ventricular dysfunction on 

admission in the same cohort of STEMI patients presenting with CS. We found that a 

tricuspid annular plane systolic excursion of ≤ 14 mm on admission was an independent 

predictor of 4-year mortality, with a hazard ratio of 2.1 after adjusting for age, glucose 

and LV function. 

Part II Mechanical circulatory support with the Impella device 

Chapter 3.1 is an overview article in Dutch, outlining the experience with the Impella 

system at our center from 2004 onwards. In this article, we discuss the Impella system 

as a newly developed minimally invasive technology for temporary circulatory support. 

In addition to a discussion on indications for its use, which include high-risk PCI and 

STEMI complicated by CS, we introduce our strategy for mechanical support in patients 

with STEMI complicated by CS. For patients with PCCS, we recommend mechanical 

support with the 5.0-version of the Impella system. The same holds true for patients 

with STEMI and CS who are mechanically ventilated upon presentation. Nevertheless, 

these patients may be bridged to a 5.0-device by temporary placement of a 2.5-device, 

as the 5.0-version of the Impella system requires surgical cutdown of the femoral artery. 

In patients with STEMI and CS who are not mechanically ventilated, a 2.5-device may 

provide sufficient support. In Chapter 3.2, we give an overview of current and future 

perspectives with regard to percutaneous mechanical support in the setting of acute 

MI complicated by CS. In this review, we first discuss the role in current practice of the 

IABP. Although the IABP has been the most widely used device in the catheterization 

laboratory for the past decades, and although it leads to an immediate improvement 

in hemodynamic parameters, no long-term survival benefit has been demonstrated. 

Furthermore, we provide an in-depth discussion on the TandemHeart system and the 

Impella device, potential promising alternatives for the IABP. In the future, mechanical 

support may become of increasing importance in acute MI with CS, especially after the 

establishment of efficacy of the newer devices. 

In Chapter 4, the role of Impella 2.5-support in high-risk PCI is highlighted. Chapter 4.1 is 

an in-depth review of the current status of mechanical circulatory support in the setting 
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of high-risk PCI. In addition to a discussion on the limited efficacy of the IABP, the roles 

of several other currently available minimally invasive mechanical circulatory support 

devices are being discussed. In addition to the Impella system, we discuss the newly 

developed Reitan catheter, the TandemHeart device and the new minimally invasive 

versions of extracorporeal membrane oxygenation (ECMO). However, we conclude that 

for a device to be a potential alternative to the IABP, it should be easy to insert, easy to 

manage and associated with a low complication rate. As the Impella device has been 

demonstrated to be safe and easy to insert, this may be a promising alternative for 

IABP support in high-risk PCI. In Chapter 4.2, we present the short-term results of the 

multicenter European registry of Impella-supported high-risk PCI (Europella). This registry 

had included 144 patients with severely reduced LV function and complex coronary 

artery disease, who received prophylactic Impella placement during PCI. Thirty-day 

mortality was 5.5%. Rates of stroke, myocardial infarction, bleeding requiring surgery 

or transfusion and vascular complications were 0.7%, 0%. 6.2% and 4.0%, respectively. 

The insertion of the device was reported to be easy in 99% of patients. Thus, this 

study demonstrates short-term safety and feasibility of Impella 2.5 support during high-

risk PCI. In Chapter 4.3, long-term follow-up results from the Europella registry are 

presented. Two-year follow-up data could be obtained in 86% of patients. The Kaplan-

Meier estimates of all-cause mortality and the composite of all-cause death, target 

vessel revascularization, stroke and myocardial infarction (MACCE) were 25.9% and 

31.1%, respectively. Echocardiographic follow-up data were obtained in 40 patients. No 

aortic valve injury was demonstrated; left ventricular ejection fraction (LVEF) increased 

from 36±12% to 40±13% (p=0.058). Thus, this study demonstrates long-term safety 

of Impella support during high-risk PCI with regard potential damage of the device on 

the aortic valve. Although mortality and MACCE rates are high, these figures are in 

accordance with data from comparable patient cohorts. Therefore, this study further 

supports the prophylactic treatment with Impella 2.5 during high-risk PCI. In Chapter 

4.4 we respond to a trial of IABP versus no support during high-risk PCI, the BCIS-1 trial. 

This trial did not show a beneficial effect of IABP support in high-risk PCI. These findings 

are in line with our previous findings from a meta-analysis of IABP support in high-

risk STEMI, as we point out in this letter. In addition, we emphasize the fact that IABP 

support is associated with an increase in stroke and bleeding rates. Finally, we address 

the PROTECT II trial of IABP versus Impella 2.5 in high-risk PCI, which was ongoing at 

the time of publication. 

In Chapter 5, we discuss several aspects of support with the Impella system in STEMI 

complicated by CS. First, in Chapter 5.1, we report on our experiences with the IABP in 

the setting of STEMI and CS. The main purpose of this study was to evaluate the effect 

of IABP support on short-term mortality, as well as to evaluate the effect of the timing 

of IABP insertion. After propensity stratification and multivariate logistic regression 
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analysis, no differences in 30-day mortality were demonstrated between patients with 

and without IABP support. In addition, we did not observe an independent association 

between timing of IABP insertion and outcome. In Chapter 5.2, we present the results 

of long-term follow-up from the MACH 2 trial. This was a pilot study of 3-day Impella 

2.5 support in large anterior STEMI. Ten patients received Impella support, whereas 

a concurrent group of STEMI patients was treated according to routine care. This 

study demonstrated short-term safety and feasibility of 3-day Impella 2.5-support after 

STEMI. In addition, an increase in left ventricular ejection fraction (LVEF) was observed 

in the Impella group, suggesting a potential beneficial effect of LV unloading. At a 

median follow-up duration of 3 years, no damage to the aortic valve was demonstrated. 

In addition, an even greater increase in LVEF was observed when compared to the 

short-term results, suggesting a sustained effect of LV recovery. In Chapter 5.3, we 

respond to a meta-analysis of percutaneous mechanical assist devices versus IABP 

in STEMI complicated by CS, published by Cheng et al. The conclusion of this meta-

analysis was that percutaneous assist devices provided superior hemodynamic support 

when compared to the IABP, but that no beneficial effect on 30-day mortality could be 

demonstrated. Thus, the authors concluded that pLVAD therapy should not replace IABP 

therapy. We point out two important limitations to this study; its small sample size and 

the fact that 2 very different percutaneous LVADs are being pooled together. Although 

we agree that there is insufficient evidence for pLVAD therapy to be recommended as 

first-line treatment in STEMI complicated by CS, this conclusion applies to IABP therapy 

as well. In Chapter 5.4, the results from a multicenter European registry of Impella 2.5-

support in CS are being presented. The device could be inserted in all patients (n=120). 

Thirty-day mortality was 64%. A serum lactate level of >3.8 mmol/L and age >65 were 

identified as independent predictors of 30-day mortality. Although mortality rates were 

high, these most likely reflect the fact that in many patients, Impella therapy is currently 

being used as last-resort therapy. Chapter 5.5 is a report on our experiences with the 

Impella 2.5 and 5.0 devices in patients with severe and profound CS, admitted to the 

Intensive Care Unit (ICU). Within the study cohort of 34 patients, 25 patients initially 

received treatment with the Impella 2.5, whereas 9 patients received immediate Impella 

5.0 support. Eight out of 25 patients in the Impella 2.5 group were upgraded to 5.0-

support. After 48 hours, 14/25 patients in the 2.5-group were alive, 5 of whom had 

been upgraded. In the 5.0-group, 8 out of 9 patients were alive. After 30 days, 6/25 

patients in the 2.5 group were alive, 3 of whom had been upgraded. In the 5.0-group, 

3/9 patients were alive at 30 days. These preliminary results suggest improved survival 

in patients treated with the Impella 5.0 device, either immediately or after a short period 

of Impella 2.5 support, when compared to patients who received sole 2.5-support. In 

Chapter 5.6, we present a case series of 4 patients with STEMI complicated by CS, 

who were bridged to full recovery with the Impella system. Three of these patients 
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were treated with the Impella 5.0 device. One of those received immediate Impella 

5.0 treatment, whereas the other 2 patients were first treated with either IABP or 

Impella 2.5. The other patient was bridged to recovery with sole Impella 2.5-support. 

Chapter 5.7 presents the results of a 2-center registry on the occurrence of stroke in 

patients undergoing Impella support for other indications than high-risk PCI. The study 

cohort consisted of 89 patients, 4 of whom experienced stroke. However, 2/89 strokes 

occurred during Impella support (2.2%). The occurrence of stroke was associated with 

a highly adverse prognosis. Thus, long-term Impella support does not increase risk for 

stroke, especially when considering the high risk population. 

Chapter 6 addresses the challenging entity of postcardiomoty cardiogenic shock 

(PCCS), both due to left- and right ventricular failure. In Chapter 6.1, we report on 

a three-center experience of Impella 5.0-treatment in patients with PCCS. Although 

30-day mortality rates were high, around 60%, these figures are in accordance with 

previously conducted studies in PCCS patients, treated with other devices. Therefore, 

the Impella 5.0 is still a valid therapeutic option, as it is easy to implant and less invasive 

than ECMO or a surgical VAD. In Chapter 6.2, we investigated the predictive value of 

EuroSCORE-derived parameters for the development of postcardiotomy right ventricular 

failure (n=1929). Right ventricular (RV) failure occurred in 4.6% of patients. Within the 

established EuroSCORE parameters, we identified several independent predictors for 

the development of postcardiotomy RV failure. From these parameters, we constructed 

a simple risk score to predict RV failure after surgery. Other than isolated CABG was 

attributed 3 points, LVEF below 30, Creatinin level >200, a recent MI and a critical 

preoperative state were attributed 2 points, and extracardiac arteriopathy, age >75, 

LVEF 30-50 and the presence of pulmonary hypertension were attributed 1 point. With 

a score of >5, this risk was considered high. 

CONCLUDING REMARKS AND FUTURE PERSPECTIVES

The currently available literature suggests that both in the setting of high-risk PCI and in 

the setting of acute MI without CS, IABP therapy may not be associated with improved 

survival. Currently, a randomized trial of IABP therapy in acute MI with CS is ongoing, 

which will provide a more definite answer with regard to the clinical efficacy of IABP 

therapy in this setting. Importantly, IABP therapy is associated with an increase in stroke 

and bleeding rates. Therefore, new therapeutic options are being researched intensively. 

The Impella system, which was the main focus of this thesis, is one of the promising 

new minimally invasive mechanical circulatory support systems. 
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High-risk PCI

Previously published studies have demonstrated short-term safety and feasibility in the 

setting of high-risk PCI, as well as a study described in this thesis. In a recently conducted 

randomized trial in high-risk PCI, the Impella was compared with the IABP (PROTECT II, 

NCT 00562016, clinicaltrials.gov). Although no significant difference in the occurrence 

of major adverse events (MAE) was present at 30 day follow-up, patients treated with 

the Impella did have lower MAE rates at 90 days. These data support the assumption 

that the Impella 2.5 device is a suitable alternative for the IABP in high-risk PCI. 

Acute MI complicated by CS

The field of acute MI complicated by CS is a challenging research area. Conducting a 

randomized trial is difficult, which is why only a small randomized trial of IABP versus 

Impella 2.5 has been performed to date. We report on registry data from our center, 

in addition to multi-center registry data. The most important conclusions from our 

data are that longer durations of Impella support are not associated with aortic valve 

damage. Furthermore, an important finding is that Impella 2.5 is a feasible treatment 

option for patients with CS, but that Impella 5.0 may be a better option. Finally, longer 

durations of Impella treatment are associated with a low risk of stroke. Nevertheless, 

randomized evidence will have to be awaited. In the AMC, in collaboration with several 

other centers across Europe, a registry study is currently ongoing (IMPRESS in STEMI), 

which was first designed as a randomized trial of IABP versus Impella 2.5 in patients with 

pre-shock and acute MI. This trial was changed into a registry and has recently been 

discontinued altogheter for several reasons. First of all, enrollment rate was extremely 

slow, both due to the paucity of patients meeting all inclusion criteria, and the logistic 

issues associated with the use of relatively new devices outside office-hours. In addition, 

although the Impella system is easy to implant, its implantation and management still 

have a learning curve. In less experienced hands, the risk for complications is higher. 

Shortly, a randomized trial of the new Impella cVAD (described below) versus IABP in 

AMI complicated by severe CS will start (IMPRESS in severe shock), with the primary 

endpoint of 30-day mortality.

Postcardiotomy CS

In the setting of PCCS, our registry data on the Impella 5.0 are a lot less favorable 

than the results of the RECOVER I trial, which demonstrated 94% survival at 30 days, 

potentially due to the differences in patient characteristics between these studies. In any 

case, for PCCS, the Impella 5.0 is an attractive therapeutic option. For postcardiotomy 

RV failure, the newly developed right ventricular Impella, which is further discussed 
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below, may be a potential strategy. Our risk score may be useful to preoperatively 

identify potential candidates for RV Impella support. 

New targets and devices

Within this thesis, the first chapter discussed 2 potential future therapeutic targets, namely 

the presence of mitral regurgitation and the presence of right ventricular dysfunction. 

Potentially, mechanical left ventricular unloading may attenuate mitral regurgitation by 

reducing wall stress and preventing left ventricular dilation, although this has only been 

demonstrated in the experimental setting. For right ventricular dysfunction, the recently 

developed right ventricular Impella may be an interesting treatment option, in addition 

to its potential role in RV failure post cardiac surgery. Potentially, temporary RV support 

may be beneficial with regard to maintaining RV output and providing RV unloading, 

comparable to the effects of the conventional impella system. A first-in-man safety-and-

feasibility study to obtain CE-approval is currently ongoing. Interestingly, a new version 

of the left ventricular Impella system has been developed as well, the Impella cVAD, 

capable of providing 3.7-4.0 L/min. This device will receive CE-approval in 2012 and 

thereafter, it will be available for clinical use in Europe. This device can be inserted 

percutaneously and therefore, it may be a very promising device in patients with acute 

MI and severe CS, in which the Impella 2.5 provides insufficient hemodynamic support.
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