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STRUCTURED ABSTRACT AND KEYWORDS

Aims

Patients with complex coronary artery disease and a poor left ventricular function 

are at high risk for peri-procedural hemodynamic compromise when treated 

with PCI. As the intra-aortic balloon pump (IABP) lacks efficacy in this setting, 

the Impella 2.5 device may provide a superior alternative. We evaluated long-

term outcomes in patients enrolled in a multicenter European registry of high-risk 

percutaneous coronary intervention (PCI) supported with the Impella 2.5 device. 

Methods and results

The primary outcomes were all-cause death and the composite of all-cause death, 

target vessel revascularization, stroke and myocardial infarction (MACCE) at follow-

up. Secondary outcomes included aortic valve injury (increase of aortic valve 

stenosis or regurgitation by ≥1 grade) and the change in left ventricular ejection 

fraction (LVEF) from baseline to long-term. 

Follow-up was complete in 124/144 patients (86%). The Kaplan-Meier estimates 

of all-cause mortality and MACCE were 25.9% and 31.1%, respectively, at 2 years 

of follow-up. No aortic valve injury was demonstrated (n=40). LVEF increased from 

36 ± 12% to 40 ± 13% (p=0.058, n=40). 

Conclusion  

Mortality and MACCE rates at long-term follow-up after Impella-supported high-

risk PCI were high, in accordance with the high-risk characteristics of the study 

population. Long-term echocardiography did not reveal any aortic valve injury and 

no significant changes in LVEF.

CONDENSED ABSTRACT

We evaluated long-term outcomes from the multicenter Europella registry of 

Impella-supported high-risk percutaneous coronary intervention (PCI). Follow-up 

was complete in 124/144 patients (86%). The Kaplan-Meier estimates of all-cause 

mortality and MACCE were 25.9% and 31.1%, respectively, at 2 years of follow-up, 

which is in accordance with the high-risk characteristics of the study population. 

No aortic valve injury was demonstrated; left ventricular ejection fraction did not 

change significantly (n=40).
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INTRODUCTION

Although coronary artery bypass grafting (CABG) has remained standard of care for 

coronary revascularization in patients with complex coronary artery disease (CAD), 

percutaneous coronary interventions (PCI) play an increasingly important role. Especially 

in CABG-ineligible patients with complex CAD and severely reduced left ventricular 

(LV) function, PCI is the treatment of choice. Nevertheless, these patients are at high 

risk of developing peri-procedural hemodynamic instability, which may be provoked 

by transient myocardial ischemia during prolonged balloon inflation. The prophylactic 

placement of a mechanical circulatory support device may prevent the development 

of such complications. Currently, the device most widely used for this purpose is the 

intra-aortic balloon pump (IABP), which has been developed in the 1960s1. Although 

this pump is easy to insert, a disadvantage of the IABP is that its working depends 

on native myocardial pump function. Recently, the BCIS-1 randomized trial of elective 

versus no IABP placement during high-risk PCI showed that elective IABP insertion 

did not reduce in-hospital major adverse events2, which supports the conclusions of 

a previously performed meta-analysis on the efficacy of IABP support in the setting 

of ST-elevation myocardial infarction (STEMI)3. Several alternative percutaneous LV 

support devices have been developed, including the Impella 2.5 device. This pump is 

a catheter-mounted axial-flow pump, which is inserted through the femoral artery and 

placed in the left ventricle. In contrast to the IABP, the Impella device provides active 

LV support by pumping blood from the LV into the ascending aorta. Previous studies 

have demonstrated short-term safety and feasibility of prophylactic Impella 2.5 support 

during high-risk PCI procedures4,5. Nevertheless, limited data are available with regard 

to long-term clinical and echocardiographic outcomes. Our current objective was to 

evaluate the occurrence of major adverse cardiac and cerebrovascular events at long-

term follow-up, as well as to evaluate the effects on the aortic valve and left ventricular 

ejection fraction.  

METHODS

Europella registry 

The Europella registry was a European multicenter registry of patients undergoing 

elective high-risk PCI supported with the Impella 2.5 percutaneous left ventricular assist 

device. The main outcomes of this study have been published in 20095. In short, 144 

patients were enrolled from July 2004 through December 2007 in 10 centers across 

Europe. The registry was designed to investigate safety and feasibility of Impella 2.5 

support during high-risk PCI. High-risk PCI was defined as PCI in a patient with reduced 
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LV function and/or complex CAD. The decision for prophylactic mechanical circulatory 

support was at the discretion of the operator. Patients with cardiogenic shock, STEMI 

within 48 hours before the procedure and patients undergoing an emergency PCI 

procedure were excluded. The primary safety end point was the composite of death, 

major bleeding requiring transfusion or surgery, myocardial infarction (MI), urgent 

CABG or stroke at 30 days. The primary feasibility end point included the successful 

implantation, operation and removal of the Impella 2.5 device. 

Impella 2.5 device

The Impella 2.5 device (Abiomed Europe GmbH, Aachen, Germany) has been described 

before. It is a micro-axial rotary blood pump (12 Fr), mounted on a 9 Fr-catheter, which 

is inserted through the femoral artery and positioned across the aortic valve into the 

left ventricle using fluoroscopy. The driving console of the pump allows management 

of pump speed by 9 gradations and displays the pressure difference between inflow 

and outflow, which gives an indication for pump position. The device provides a flow of 

up to 2.5 L/min at its maximal rotation speed of 50.000 rpm, through expelling blood 

from the left ventricle into the ascending aorta. The device has received CE-approval 

for use up to 5 days. In addition, it has received 510 (k) clearance by the FDA for partial 

circulatory support up to 6 hours. 

Follow-up 

For the current study, all patients were contacted by telephone between July 2010 and 

January 2011. The occurrence of adverse events was recorded, as well as functional 

class.  If the patient could not be contacted, information was obtained from the patient’s 

family, family doctor, treating cardiologist, and hospital records. In a subset of patients, 

follow-up echocardiography was performed between March 2006 and January 2011. 

The presence and severity of aortic valve stenosis and aortic valve regurgitation were 

assessed according to the ACC/AHA guidelines6. Left ventricular ejection fraction (LVEF) 

was assessed quantitatively according to the biplane Simpson’s method. Analysis of 

echocardiograms was performed locally by experienced echocardiographers at each 

participating site. 

Outcomes

The primary endpoints for the current study were the occurrence of all cause death and 

the composite of all-cause death, target vessel revascularization (TVR), MI and stroke 

at long-term follow-up (MACCE). TVR was defined as repeat percutaneous or surgical 

revascularization of the vessel treated during the index procedure. MI was defined as 

documented cardiac enzyme rise and/or fall above the upper limit of normal in the setting 
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of spontaneous ischemia, based on the universal definition of MI7. Stroke was defined 

as a new neurologic deficit of cerebrovascular cause which lasts ≥ 24 hours. All adverse 

events were adjudicated locally by the principal investigator at each participating center. 

Secondary endpoints included the occurrence of aortic valve injury and the change in 

LVEF when compared to baseline measurements. Aortic valve injury was defined as the 

increase of aortic valve regurgitation or aortic valve stenosis by ≥1 grade. 

Statistical analysis 

Kaplan-Meier survival curves were constructed for all-cause death and MACCE. Follow-

up for MACCE and vital status was censored at the date of the last telephone contact. 

If the patient could not be contacted, censoring was done at the date of last clinical 

follow-up. Event rates at 2 years of follow-up for all-cause death and for the individual 

components of the composite endpoint were derived from Kaplan-Meier analysis. 

Continuous data are presented as mean +/- standard deviation (SD). Categorical data 

are presented as percentages. The difference in LVEF from baseline to long-term follow-

up was tested using the paired Student’s t-test.  All p values <0.05 were considered 

statistically significant. Data were analyzed using the statistical Package for the Social 

Sciences (SPSS inc., Chicago, IL, USA; version 16.0.2). 

RESULTS 

Europella patients

A total of 144 patients had been enrolled in the original Europella registry5. Mean age 

was 72 years at time of enrolment; the majority of patients were male. Almost 50% of 

patients had an LVEF of below 30% and over 70% of patients underwent left-main or 

last remaining vessel PCI. The standard Euroscore was 8.2 ± 3.4. Baseline and procedural 

characteristics are further detailed in Table 1. Safety-and-feasibility results were 

favourable. The composite of death, major bleeding requiring transfusion or surgery, 

myocardial infarction (MI), urgent CABG or stroke at 30 days occurred in 12.4% of 

patients, including death in 5.5% of patients and major bleeding requiring transfusion in 

5.5% of patients. Patients were supported with the Impella device for a mean duration 

of 87.8 ± 50.7 minutes, and both implantation and explantation were considered to be 

easy in the majority of cases.

Long-term outcomes 

Follow-up at 2 years was complete for 124/144 patients (86%). After two years, 34 

patients had deceased. The Kaplan-Meier estimate for all-cause death was 25.9% at 2 
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years of follow-up (Figure 1). At 2 years of follow-up, non-procedure related stroke had 

occurred in 2 patients, whereas TVR had occurred in 7 patients and MI in 8 patients. 

Two-year Kaplan-Meier derived event rate estimates for stroke, TVR and MI are displayed 

in Table 2.  The Kaplan-Meier estimate for the composite of all-cause death, stroke, MI 

and TVR was 31.1% after 2 years of follow-up. 

Table 1 Baseline and procedural characteristics during index procedure 

Variables n=144

Clinical characteristics and risk factors

   Age (years) 71.8 ± 9.9

   Male gender  81.3 (117)

   Body mass index > 25 59.0 (85)

   Hypertension 67.4 (97)

   Diabetes 43.1 (62)

   Current smoker 42.4 (61)

   Hypercholesterolemia 64.6 (93)

   Chronic obstructive pulmonary disease 18.1 (26)

   Renal insufficiency 28.5 (41)

   Atrial fibrillation 13.9 (20)

   Peripheral vascular disease 22.2 (32)

   Stroke or Transient ischemic attack 13.9 (20)

   Previous myocardial infarction 52.8 (76)

   Myocardial infarction within last 90 days 25.0 (36)

   Previous coronary artery bypass grafting 29.2 (42)

Hemodynamics prior to PCI

   Heart rate (bpm) 72.2 ± 16.2

   Diastolic pressure (mmHg) 130.0 ± 26.2

   Systolic pressure (mmHg) 66.8 ± 15.4

   Left ventricular ejection fraction < 40% 63.9 (92)

   Left ventricular ejection fraction < 30% 48.6 (70)

PCI procedure

   Time of PCI procedure (min) 114.7 ± 55.2

   Number of target lesions

      1 29.2 (42)

      2 32.6 (47)

      >3 38.2 (55)

   Euroscore - standard 8.2 ± 3.4

   Euroscore -  logistic (%) 15.0 ± 12.2

Qualification for high risk PCI

   Left main coronary artery PCI 52.8 (76)

   Last patent vessel PCI 17.4 (25)

   Multivessel disease 81.9 (118)

   Low LVEF 35.4 (51)

   Other 8.3 (12)

   Refused for CABG 43.1 (62)
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Functional class could be assessed in 65 patients. Fifty-one out of 65 patients were in 

NYHA class I or II at the time of follow-up. In a subset of 40 patients, both baseline and 

long-term echocardiograms were available. Long-term echocardiography was performed 

at a mean follow-up duration of 2.5 ± 1.1 years. Results from baseline and long-term 

echocardiography are displayed in Table 3. No differences were observed with regard 

Table 2 Kaplan-Meier estimates of event rates at short- and long-term follow-up

30-day follow-up 2-year follow-up

Follow-up for vital status*

All-cause death 8 (5.5%) 34 (25.9%)

Follow-up for clinical events†

stroke 1 (0.7%) 2 (2%)

TVR 1 (0.7%) 8 (8.1%)

MI 0 (0) 7 (6.8%)

Composite of all-cause death, stroke, TVR and MI‡ 9 (6.2%) 41 (31.1%)

*Censored at last telephone contact
†Censored at date of last clinical follow-up
‡ 2 patients had stroke + MI, 1 patient had TVR + MI 
Data are displayed as number of patients and percentages derived from Kaplan-Meier analysis

Figure 1 Kaplan-Meier curve for all-cause death at long-term follow-up; On display is the Kaplan-Meier curve 
for all-cause mortality at long-term follow-up. At a follow-up duration of 2 years, the Kaplan-Meier estimate 
for all-cause death is 26%.
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to the presence of aortic valve stenosis or aortic regurgitation. LVEF had increased from 

36 ± 12% to 40 ± 13%, albeit non-significant (p=0.058).

DISCUSSION

Short-term safety and feasibility of Impella-supported high-risk PCI have been 

demonstrated in several previous studies, including the Europella registry5. However, 

long-term data in these patients are scarce, both with regard to clinical outcomes and 

with regard to the late effects of Impella support. More specifically, it is unknown 

whether any late aortic valve injury occurs. Furthermore, Impella support may be 

associated with an increase in LVEF, in addition to the beneficial effect of PCI itself. 

Contrariwise, as these patients undergo more complex procedures with higher risks 

for hemodynamic compromise, there may be a risk of worsening of LV function due 

to peri-procedural damage. In our study, no differences with regard to the presence of 

aortic valve stenosis and aortic valve regurgitation were demonstrated when comparing 

baseline to long-term measurements. Left ventricular function improved somewhat, 

although the difference in LVEF was not statistically significant.

Table 3 Echocardiography at long-term follow-up*

Patients (n=40)

Baseline Long-term P

Aortic valve stenosis† 1.0

   None 37 (93) 37 (93)

   Mild 3 (7) 3 (7)

   Moderate 0 (0) 0 (0)

   Severe 0 (0) 0 (0)

Aortic valve regurgitation‡ 1.0

   None 30 (75) 30 (75)

   Mild 9 (23) 9 (23)

   Moderate 1 (2) 1 (2)

   Severe 0 (0) 0 (0)

Left ventricular ejection fraction (%), mean ± SD 36 ±13 40 ±12 0.058

*Long-term echocardiograms were performed after a mean follow-up duration of 2.5 +1.1 years; †In 36 
patients, no changes occurred. In 2 patients, aortic valve stenosis improved from ‘mild to none’ and in 2 
other patients, it worsened from ‘none’ to ‘mild’; ‡In 34 patients, no changes occurred. In 3 patients, aortic 
regurgitation improved from ‘mild’ to ‘none’, whereas in 3 other patients, it worsened from ‘none’ to ‘mild’
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Mortality

Mortality rates in our study were 25.9% after 2 years, which reflects the severity of 

coronary artery disease and the high-risk characteristics of the study population. In a 

registry on patients with severe LV dysfunction undergoing unsupported PCI, 2-year 

mortality was 24.6%8, which is comparable to our results. In the BCIS-1 trial on IABP 

support in high-risk PCI2, 6-month mortality ranged from 4.6% in the elective IABP 

group to 7.4% in the no-IABP group. In Europella, 6-month mortality was 12.4%. This 

difference may be explained by the potentially lower-risk characteristics in BCIS-1, such 

as a smaller proportion of patients with left main disease or last remaining conduit 

(27% in BCIS-1 versus 52.8% in Europella). In a registry of IABP-supported high-risk 

PCI by Mishra et al, 6-month mortality rates were lower, namely 8% in patients who 

underwent prophylactic IABP placement9. This difference can be explained by the 

differences in clinical characteristics of the study population when compared with our 

study. This includes a relatively small percentage of patients with left main disease 

(9%, versus 52.8% in Europella), a mean LVEF of around 30% (whereas in Europella, 

the majority of patients had an LVEF below 30%) and a somewhat lower age at time 

of enrolment (69 versus 72 in Europella). Thus, the 2-year mortality rate observed in 

Europella is in accordance with the abovementioned previous studies in comparable 

patient populations. 

MACCE 

Two-year MACCE rates in our study were 31.1%, mainly driven by all-cause death. Rates 

for stroke were low with 2%. Target vessel revascularization was performed in 8.1% 

of patients. Myocardial infarctions had occurred in 6.8% of patients. In the BCIS-1 

trial, discharge MACCE rate was 15%, which is comparable to the 30-day Europella 

MACCE rate of 12.4 %. The BCIS-1 trial unfortunately does not report on 6-month 

MACCE rates. In a study by Syed et al on IABP-supported high-risk PCI, 30-day event 

rates were 21.3%10. Nevertheless, in this study a much broader MACCE definition was 

employed. The IABP-registry by Mishra et al revealed a 6-month MACCE rate of 12% in 

patients who underwent prophylactic IABP placement to 32% in patients in the ‘rescue-

IABP’ group, also primarily driven by all-cause mortality9. One-year MACCE rate in the 

SYNTAX study were somewhat lower, ranging from 12.4% to 17.8%11, compared to 

21.9% in Europella. Importantly, the study population in SYNTAX had a much lower risk 

than patients included in the Europella registry; only 1.3% of patients undergoing PCI 

had an LVEF of <30%. In the STICH trial of CABG with or without LV reconstruction in 

patients with LVEF <35%, all-cause death rate at 2 years of follow-up was around 15% 

for patients undergoing CABG alone, which is lower than in Europella. Nevertheless, 

although LVEF was low in patients in this study, the median age at time of enrolment 
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was 62 years, and only 6% of patients had significant left main stenosis12. Although 

data from studies in comparable patient populations are scarce, 2-year MACCE rates 

seem in accordance with those from the abovementioned studies. 

Aortic valve 

The presence of aortic valve injury was evaluated in a subset of 40 patients. No 

increase of either aortic valve stenosis or aortic valve insufficiency was demonstrated 

when comparing baseline to long-term measurements. Previous studies support these 

findings. Although long-term data are scarce, 1 small study demonstrated the absence 

of aortic valve injury at 3 years after prolonged Impella support in STEMI patients 13. In 

addition, aortic valve injury did not occur at short-term follow-up in several small studies 

on Impella-supported high-risk PCI14. Thus, Impella support during high-risk PCI does 

not seem to be associated with aortic valve injury.

LV function 

Left ventricular ejection fraction at baseline and long-term follow-up was measured in 

a subset of 40 patients. Mean LVEF increased from 36% at baseline to 40% at 2-year 

follow-up (p=ns). In a registry of patients with severe LV dysfunction undergoing 

unsupported PCI, LVEF improved from 29% to 35% in patients who survived at 2 

years8. In a small study of patients supported with the TandemHeart device, LVEF had 

improved from 25% at baseline to 41% at 15 months follow-up15. In another study by 

Burzotta et al, LVEF increased from 31% at baseline to 41% at 6 months in 10 patients 

undergoing Impella-supported PCI16. In our study, no significant change in LVEF could 

be demonstrated. This may be due to selection bias, as paired echocardiograms were 

only available in a subset of patients. Potentially, patients in excellent clinical condition, 

with presumably the largest LVEF improvement, may have been lost to follow-up. 

Clinical implications

In high-risk patients with reduced LV function, mechanical circulatory support during 

PCI treatment seems intuitive to prevent procedural complications. However, which 

device to use for this purpose remains a challenging question. In BCIS-1, no benefit of 

prophylactic IABP support during high-risk PCI could be demonstrated, as 28-day MACCE 

rate did not differ between patients with and without prophylactic IABP insertion2. In 

addition, prophylactic IABP insertion was associated with an increase in adverse events, 

including stroke and minor bleeding. Recently, the results from the PROTECT 2 trial, 

which was a randomized trial of IABP versus Impella 2.5 during high-risk PCI, have 

become available (17). Although the trial was halted early due to futility with regard to 

the primary endpoint, a significant reduction in MACCE was demonstrated in patients 
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treated with Impella when compared to patients treated with IABP, within the subgroup 

of patients that did not undergo atherectomy. These findings, combined with short- and 

long-term safety and feasibility findings from several reports, suggest that Impella 2.5 

may be a suitable option for mechanical support during high-risk PCI. 

Study limitations 

The current study describes the largest published cohort of patients treated with Impella 

during elective high-risk PCI to date. In addition, this is the first study to evaluate long-

term outcomes in this high-risk patient group. Nevertheless, several limitations should 

be acknowledged. As this concerned a long-term follow-up study in patients treated 

in tertiary care hospitals, not all patients could be contacted. Those patients were 

censored at their last available date of clinical follow up.  This could have led to bias, due 

to lack of independence of censoring. Mortality rates may have been overestimated, as 

less ill patients tend to be lost to follow-up earlier. In addition, for a small proportion of 

patients, only information on vital status was available during telephone contact, and 

no information on MACCE could be retrieved. Furthermore, no strict guideline definition 

currently exists for high-risk PCI. Nevertheless, the combination of reduced LV function 

and left main, last remaining vessel or severe multivessel CAD is generally agreed upon 

as to be associated with high risk of developing hemodynamic instability during PCI. 

Peri-procedural cardiac enzyme rise was not included in the definition for MI. We were 

unable to obtain data on cause of death; therefore, we were unable to distinguish 

cardiovascular deaths and death from other causes. Adverse events were adjudicated 

locally by the principal investigators. Echocardiography at long-term follow-up, and the 

subsequent paired analysis of LVEF and aortic valve abnormalities, was performed in a 

subset of patients, which may have caused selection bias. Analysis of echocardiograms 

was performed locally. Long-term angiography was not performed and therefore, no 

data on in-stent restenosis were available for the current analysis. 

CONCLUSION

Long-term follow-up of patients enrolled in a European multicenter registry of Impella 

2.5 support during high-risk PCI revealed a 2-year mortality rate of 25.9% and a 2-year 

MACCE rate of 31.1%. Long-term echocardiographic follow-up did not reveal any aortic 

valve injury. Furthermore, LVEF did not change significantly. These results support the 

long-term safety of Impella 2.5 support in a very high risk patient population undergoing 

elective PCI. 
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