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ABSTRACT

Objective

Historically, the use of mechanical circulatory support has been associated with an 

increased risk of stroke. For newer devices, such as the Impella system, the risk for 

stroke is low in the setting of high-risk percutaneous coronary intervention (PCI). 

As limited data exist on the safety profile of the Impella device with respect to 

cerebrovascular complications beyond high-risk PCI, our current objective was to 

evaluate the occurrence of cerebrovascular complications in patients treated with 

Impella in emergency settings. 

Design 

Retrospective study. 

Setting

Two-center European study, conducted in centers for tertiary care. 

Patients

All patients who received Impella support in emergency settings (n=89) from 

January 2004 through November 2010. 

Outcome

Clinical signs of stroke during hospital admission, either confirmed by chart review 

or by computed tomography (CT)- or magnetic resonance (MR) imaging. 

Results

The main indication for Impella support was acute ST-elevation myocardial 

infarction complicated by cardiogenic shock (CS). Other indications for Impella 

support included postcardiotomy CS, acute-on-chronic heart failure and 

myocarditis. Two patients experienced stroke while on Impella support (2.2%), 

one of them was simultaneously supported with an intra-aortic balloon pump. 

Two additional patients experienced stroke prior to discharge, 3 and 6 days after 

being weaned from support. 

Conclusions

In this high-risk heterogeneous real-world population requiring extended 

hemodynamic support, the use of Impella was not associated with an increased 

risk for stroke. 
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INTRODUCTION

Mechanical circulatory support is an increasingly important treatment option for both 

acute and chronic heart failure. The rationale of using mechanical circulatory support 

is two-fold; first of all, it is important to maintain circulation and organ perfusion, 

whereas secondly, the left ventricular unloading effect may have a beneficial influence 

on myocardial recovery1,2. Besides the application of surgical ventricular assist devices 

(VADs) for chronic heart failure3,4, less invasive techniques for mechanical circulatory 

support have become increasingly important as well, especially in the setting of 

cardiogenic shock (CS). The first percutaneous device for mechanical circulatory support 

was the intra-aortic balloon pump (IABP). This device was developed in the 1960s and is 

still the most widely used device, supported by a Class IC recommendation in European 

guidelines and a class IB recommendation in the ACC/AHA guidelines for acute 

myocardial infarction complicated with CS5,6 based on case series and retrospective 

analyses. However, prospective clinical trials and meta-analyses have failed to provide 

the evidence that would support the routine use of IABP in various indications7,8. Several 

percutaneous support devices have been developed with the intent to provide more 

potent hemodynamic support compared to IABP, such as the TandemHeart device, the 

minimally invasive extracorporeal membrane oxygenation and the Impella system. The 

recently updated ACC/AHA guidelines incorporate the use of percutaneous circulatory 

support devices in the recommended therapeutic arsenal of different indications requiring 

hemodynamic support9. In the institutions participating in this study, the Impella system 

has been part of routine care since 200410. Mechanical circulatory support with surgical 

VADs is associated with an increased risk of stroke11,12. IABP treatment in the setting of 

high-risk STEMI has also been reported to be associated with an absolute 2% increase 

in stroke rate7. For the Impella device, complication rate, including stroke, was low in 

multicenter registries of patients undergoing Impella-supported high-risk percutaneous 

coronary intervention (PCI)13,14. However, data on the occurrence of stroke in patients 

receiving Impella support for indications other than high-risk PCI with longer duration 

of support is limited. Therefore, we sought to evaluate the occurrence of in-hospital 

cerebrovascular complications for patients requiring extended duration of support with 

Impella. 

METHODS

Patient population and general data collection

From January 2004 through November 2010, all patients that were treated with Impella 

at the Academic Medical Center (AMC) and the Westpfalz-Klinikum were reviewed. 
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A total of 89 patients received Impella support in emergency settings. Data on 

previous medical history, the presence of risk factors, hemodynamic status, laboratory 

measurements, inotropic therapy and duration of pump support were obtained through 

full chart review. For in-hospital deaths, information on time of death and death etiology 

were obtained through complete chart review as well. Data from imaging studies were 

available for review in an electronic hospital-wide patient management system, in both 

hospitals. For outpatients from the AMC hospital, vital status was verified through the 

records of the Dutch national population registry (Statistics Netherlands, Voorburg, the 

Netherlands). In case of missing data, outpatient reports were reviewed and general 

practitioners or treating cardiologists were contacted by telephone.  For outpatients 

from the Westpfalz-Klinikum, outpatient reports were reviewed and general practitioners 

were contacted by telephone to verify vital status.

Treatment

In patients admitted with ST-elevation myocardial infarction (STEMI), primary PCI 

was performed according to standard procedures, which were in general similar in 

both hospitals. These patients were treated with unfractionated heparin, aspirin and 

clopidogrel. The administration of 2b/3a inhibitors was at the discretion of the treating 

physician. In patients with CS, additional treatment included mechanical ventilation, 

inotropic medication and IABP. The decision for and timing of additional mechanical 

support with an Impella device were at the discretion of the treating physician.   

Impella treatment

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

previously15,16. It is a catheter (9 Fr) mounted micro-axial rotary blood pump (12 Fr), 

designed for short-term mechanical circulatory support. The device is inserted through 

the femoral artery and positioned across the aortic valve into the left ventricle. 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 up to 2.5 L/min of flow at its maximal rotation 

speed of 51.000 rpm by aspirating the blood from the left ventricle and expelling it into 

the ascending aorta. 

The Impella 5.0 device (Abiomed Europe GmbH, Aachen, Germany) is mounted on a 

9-Fr catheter as well; however, the pump itself is 21 Fr in diameter. The device is inserted 

through a Dacron graft which is sewed onto the femoral artery. The subsequent 

positioning is similar to the Impella 2.5 placement; however, the 5.0 device is capable of 

generating a maximum flow of 5.0 L/min. 
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Definitions

Stroke was defined as any new permanent neurologic deficit. Diagnosis of stroke 

was evaluated retrospectively by careful review and re-evaluation of imaging studies, 

including computed tomography (CT) and magnetic resonance imaging (MRI) scans, by 

an experienced neurologist (WMvdB). When imaging studies had not been performed, 

discharge reports and hospital charts were thoroughly reviewed to identify additional 

occurrences of stroke.  

Statistical analysis

Data were analyzed using the statistical Package for the Social Sciences (SPSS inc., 

Chicago, IL, USA; version 16.0.2). Continuous data are presented as mean ± standard 

deviation (SD) (median and interquartile range for skewed variables). Categorical data 

are presented as percentages. Categorical variables were compared using a Pearson 

Chi-square test or Fisher exact test as appropriate. A p-value of <0.05 was considered 

statistically significant.

RESULTS

Patients

Baseline characteristics of the 89 patients are detailed in Table 1. Most patients were 

male and had at least one risk factor for atherosclerosis and cardiovascular disease, 

including hypertension and diabetes mellitus. A previous history of myocardial infarction 

was present in 30% of patients, one patient had suffered a previous stroke and 3 

patients had suffered a previous transient ischemic attack. Atrial fibrillation was present 

in 15% of patients. More than half of all patients were on inotropic support and 

mechanical ventilation at the time of Impella implantation. Concomitant IABP support 

was provided in 38/89 patients (42.9%). Indications for Impella support are displayed 

in Table 2. Most patients underwent Impella implantation for STEMI complicated by 

hemodynamic instability. Twenty-five patients were supported with an Impella device for 

postcardiotomy CS that was refractory to high-dose inotropes and IABP treatment; the 

remainder of patients received Impella treatment for a variety of indications, including 

myocarditis, CS due to tamponade after a complicated elective PCI and chronic heart 

failure. Treatment characteristics and outcomes are displayed in Table 3. Forty five 

patients received the Impella 2.5. Out of these, eight were upgraded to an Impella 5.0 

later. Forty four patients received the Impella 5.0 right from the beginning. The median 

(IQR) support time was 72 (29-174), with 78% of the patients being supported for more 

than 24 hours. 
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Stroke

Stroke occurred in 2 patients while on Impella support. Both patients had received the 

Impella device for STEMI complicated by CS. One of these two patients suffered a 

large hemorrhagic stroke within 24 hours of admission and subsequently deceased due 

to massive cerebral compression. The other patient developed stroke after almost 2 

weeks of concomitant Impella and IABP support. Acute severe neurologic deterioration 

developed, and this patient deceased before brain imaging had been performed. Two 

other patients, who had also received the Impella device for STEMI complicated by CS, 

developed ischemic stroke late after Impella removal. The first patient was diagnosed 

with heparin-induced thrombocytopenia (HIT). Three days after removal of the Impella 

device, he was diagnosed with a large ischemic stroke. He eventually deceased 14 days 

after hospital admission. In the other patient, small lacunar cerebral infarctions were 

visible. She had been supported with the IABP for 24 hours, before an Impella device 

was implanted. Six days after being weaned from the Impella device, she developed 

Table 1 Baseline characteristics

Variables Patients (n = 89)

Male (%) 75 (84.3)

Age (mean ± SD) 58 ± 13

Hypertension (%) 40 (44.9)

Smoking (%) 36 (40.4)

Diabetes mellitus (%) 21 (23.6)

Family history of CAD (%) 10 (11.2)

Hyperlipidemia (%) 17 (19.1)

Previous myocardial infarction (%) 27 (30.3)

Known previous stroke (%) 1 (1.1)

Atrial fibrillation (%) 13 (14.6)

Known previous transient ischemic attack (%) 3 (3.4)

Inotropic support before Impella implantation (%) 45 (67.2)*

Mechanical ventilation before Impella implantation (%) 47 (69.1)**

Concomitant IABP treatment (%) 38 (42.7)

CPR before Impella implantation (%) 29 (42.6)**

*n=67; **n=68; SD denotes standard deviation; CAD denotes coronary artery disease; CPR denotes 
cardiopulmonary resuscitation; Inotropic support is defined as treatment with 1 or more inotrope or vasopressor

Table 2 Indications for Impella treatment

Indication for Impella treatment Patients N=89

STEMI + CS 55 (61.8)

Postcardiotomy cardiogenic shock 25 (28.1)

Other 9 (10.1)

proefschrift.indb   206 10-5-2012   14:15:32

Engstrom_PROEF (all).ps Back - 103     T1 -    Black CyanMagentaYellow



Stroke in Impella

207

symptoms of blurred vision. An MRI-scan of the brain revealed multiple lacunar 

infarctions. No additional treatment was initiated, and the patient was eventually 

discharged home in good clinical condition, despite minor disabilities. The clinical 

diagnosis of stroke was confirmed by brain CT in 3 patients. Thirty-day mortality for 

patients with stroke was 75%, versus 51.8% in patients without stroke (p=0.36).The 

clinical course of patients with stroke is detailed in Table 4.

DISCUSSION

To our knowledge, the current study is the first to specifically investigate the occurrence 

of cerebrovascular complications in patients treated with Impella in emergency settings. 

Our results show that the use of Impella was not associated with an increased risk of 

stroke in this very sick patient population. Only 2 out of the 89 patients suffered from 

stroke during Impella support. 

Table 3 Treatment characteristics and outcomes

Variables Patients (n=89)

Mechanical support 

    Impella 2.5 only (%) 37 (41.6)

    Impella 2.5 and 5.0 (%) 8 (9.0)

    Impella 5.0 only (%) 44 (49.4)

Impella support (hours) (mean ± SD) 114 ±116

    6 hours or less (%) 10 (11.2)

    7 through 24 hours (%) 10 (11.2)

    25 through 72 hours (%) 26 (29.2)

    73 through 120 hours (%) 14 (15.7)

    121 hours or more (%) 29 (32.6)

IABP support (hours)* (median,IQR) 72 (29-174)

Outcomes

In-hospital stroke (%)** 4 (6)

    Ischemic (%) 2 (3)

    Hemorrhagic (%) 1 (1.5)

    Unknown (died before CT scan) (%) 1 (1.5)

    Stroke during Impella support (%) 2 (3)

Thirty-day mortality (overall) (%) 47 (52.8)

    without stroke (%) 44 (51.8)

    with stroke (%) 3 (75)

* n=18; **Confirmed by CT-scan in 3/4 patients
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Mechanical support 

Mechanical circulatory support with surgical VAD is known to be associated with an 

increased risk of stroke. In a systematic review on the occurrence of stroke during LVAD 

support, the mean reported rate for patients affected with any type of stroke was 

22% (range 0-48), with a mean incidence of 1.4 events/patient-year (range 0-23)17. 

Reports from a recently conducted trial of a continuous-flow LVAD versus a pulsatile-

flow LVAD for the treatment of chronic heart failure, revealed a total stroke rate of 

18% versus 14% at 2 years3. In an earlier report by Lazar et al, 42 neurologic events 

occurred in 30 patients treated with an LVAD versus 4 events in 4 patients who 

were treated with medical therapy12. Less invasive devices such as the IABP are also 

associated with an increased stroke risk. In a small study of 6 patients treated with 

an IABP for hemodynamic instability, a trend toward increased fibrinolytic potential, 

as well as increased coagulability was demonstrated18. Furthermore, IABP use may 

cause the release of thrombi and or atheromatous debris from the distal aortic arch 

and proximal descending aorta into the cerebral arteries (back and forward flow 

caused by IABP), especially in patients with widespread atherosclerosis. In a recently 

conducted meta-analysis of IABP in high-risk STEMI (n=1009), the IABP was associated 

with a 2% absolute increase in stroke rate when compared to no IABP7. In the primary 

PCI era, IABP-associated stroke risk is solely based on the results of the PAMI II trial, 

which showed 2.4% versus 0% stroke in IABP versus no IABP patients with high-risk 

STEMI19. Ischemic and non-ischemic strokes were equally prevalent, supporting the 

aforementioned combination of mechanisms. In a recently conducted systematic review 

of IABP support in STEMI complicated by CS (n=190), stroke occurred in 3.1% of IABP-

supported patients, versus 0% in patients who did not receive IABP support20. In an 

unselected cohort of patients with CS who received IABP support at our institution, a 

1.5% stroke rate was observed, which was not significantly different when compared 

Table 4 Clinical course in patients with stroke 

Age Gender Indication for 
Impella

Type of device IABP support 
(hours)

 Impella 
support (hours)

Stroke type Time to 
stroke 

(hours)*

APTT (s)*** Thrombo
cytes 

(109)***

CRP (mg/
dL)***

Outcome

57 M STEMI + CS Impella 5.0 327 326 unknown 318 82 70 190 Death

61 F STEMI + CS Impella 2.5 0 19 hemorrhagic 18 64 348 27 Death

64** M STEMI+ CS Impella 2.5 0 187 ischemic 251 76 10 69 Death

58 F STEMI + CS Impella 5.0 24 95 ischemic 248 67 240 78 Minor disability

M denotes male; STEMI denotes ST-elevation myocardial infarction; CS denotes cardiogenic shock; IABP 
denotes Intra-aortic balloon pump; APTT denotes activated partial thromboplastin time; CRP denotes 
C-reactive protein; F denotes female; *Time to stroke denotes the period between Impella implantation 
and the occurrence of the first symptoms of stroke; **This patient was diagnosed with heparin-induced 
thrombocytopenia; ***At time of stroke diagnosis
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to CS patients without IABP support. However, this was not a randomized study (Sjauw 

et al, submitted). In a recently conducted randomized trial of IABP versus no IABP in 

STEMI without CS, which did not show any benefit of IABP treatment with regard to 

infarct size, stroke rate was 1.9% in the IABP group versus 0.6% in the control group8,21. 

In a small randomized study of IABP versus the TandemHeart percutaneous LVAD for 

CS from various causes, stroke rates were high in both groups22: Fifty percent of all 

patients supported with an IABP experienced neurologic dysfunction, versus 31.6% 

of patients supported with the TandemHeart. Nevertheless, the exact definition for 

neurologic dysfunction was not specified. In the preceding feasibility trial of 13 patients 

undergoing TandemHeart support, no strokes occurred23. In another randomized trial 

comparing both devices, no strokes were reported in either group24, whereas the safety 

and feasibility study by the same group showed a 5.6 % stroke rate in patients with 

acute AMI complicated by CS (1 stroke in 18 pts)25. Limited data are available on the 

occurrence of stroke in Impella treatment, especially in settings other than high-risk PCI. 

None of the patients included in the ISAR-shock trial experienced stroke after an average 

duration of support of 25 hours (6-41)26. In the study by Meyns et al27, on the initial 

experiences with Impella in CS, 2 patients suffered from severe brain damage. However, 

one of those patients had undergone extensive cardiopulmonary resuscitation, whereas 

the other patient had received concomitant ECMO treatment. Siegenthaler et al reported 

on 24 patients treated with Impella for postcardiotomy cardiogenic shock; in this study, 

one patient deceased due to a large intracranial hemorrhage28. The abovementioned 

data are summarized in Table 5. 

ST-elevation myocardial infarction 

Stroke may occur as a rare complication of STEMI treatment. In a large meta-analysis of 

PCI versus thrombolysis for STEMI, stroke rates were 1% in the PCI-group versus 2% in 

patients treated with thrombolysis29. The association of stroke and PCI in general has 

been investigated as well. Fuchs et al studied 9662 patients undergoing PCI, the majority 

of which presented with unstable angina30. The prevalence of stroke was 0.38%; the 

strongest predictor for developing stroke in this study was the emergency or prophylactic 

Table 4 Clinical course in patients with stroke 

Age Gender Indication for 
Impella

Type of device IABP support 
(hours)

 Impella 
support (hours)

Stroke type Time to 
stroke 

(hours)*

APTT (s)*** Thrombo
cytes 

(109)***

CRP (mg/
dL)***

Outcome

57 M STEMI + CS Impella 5.0 327 326 unknown 318 82 70 190 Death

61 F STEMI + CS Impella 2.5 0 19 hemorrhagic 18 64 348 27 Death

64** M STEMI+ CS Impella 2.5 0 187 ischemic 251 76 10 69 Death

58 F STEMI + CS Impella 5.0 24 95 ischemic 248 67 240 78 Minor disability

M denotes male; STEMI denotes ST-elevation myocardial infarction; CS denotes cardiogenic shock; IABP 
denotes Intra-aortic balloon pump; APTT denotes activated partial thromboplastin time; CRP denotes 
C-reactive protein; F denotes female; *Time to stroke denotes the period between Impella implantation 
and the occurrence of the first symptoms of stroke; **This patient was diagnosed with heparin-induced 
thrombocytopenia; ***At time of stroke diagnosis
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use of IABP. In-hospital mortality for patients with stroke was 37.2%, versus 1.1% in 

patients without stroke. In patients with STEMI complicated by CS, which concerned the 

majority of our study cohort, stroke risk may be even higher although data to support 

this assumption are limited. CS is associated with a systemic inflammatory response31, 

which may be in turn associated with both coronary and carotid plaque instability 

and subsequent stroke32. In addition, systemic hypoperfusion may, hypothetically, 

compromise cerebral blood flow, but the association of systemic hypoperfusion in CS 

and stroke has not been studied specifically. Nevertheless, in the SHOCK-trial, which 

compared emergency revascularization versus initial stabilization in acute myocardial 

infarction complicated by CS, 1.9% of patients (6/302) had a stroke33. In both arms of 

the SHOCK trial, 80% of patients were treated with IABP at randomization.  

Cardiac surgery 

The association of stroke and cardiac surgical procedures has been studied extensively. 

The prevalence of stroke ranges from 1.4%-1.6% in studies evaluating stroke after 

CABG34,35 to 2.2% in a study evaluating stroke after valve surgery36. In another study 

evaluating stroke after elective cardiac procedures, the incidence was 3.6%37. Mortality 

rates were higher in patients with stroke versus patients without stroke throughout 

Table 5 Occurrence of stroke in previously conducted studies with percutaneous mechanical circulatory 
support

Study Study design Type of patients Support devices (n) Follow-up period Stroke rates (%)

IABP versus no support IABP No IABP IABP No IABP

Fuchs30 Case control PCI for variable indications 726 8936 24 hours 2% 0.3%

Unverzagt 20 Systematic review and meta-analysis Acute MI with CS 64 65 Variable 3.1% 0%

Sjauw 7 Systematic review and meta-analysis Acute MI without CS 502 507 variable 3.2% 1.1%

Sjauw Observational cohort study Acute MI with CS 199 93 30 days 1.5% 1.1%

Patel8 RCT Acute MI without CS 161 176 6 months 1.6% 0.6%

TandemHeart versus no support TandemHeart TandemHeart

Thiele25 Safety-and feasibility study Acute MI with CS 18 30 days 5.6%

Burkhoff23 Safety-and feasibility study CS from variable causes 13 6 months 0%

TandemHeart versus IABP IABP TandemHeart IABP TandemHeart

Thiele24 RCT Acute MI with CS 20 21 30 days 0% 0%

Burkhoff22 RCT CS from variable causes 14 19 30 days 31.6%* 50%

Impella Impella Impella

Siegenthaler 28 Cohort study Postcardiotomy CS 24 In-hospital 4.2%

Meyns27 Cohort study CS from variable causes 16 30 days 12.5%

Impella versus IABP IABP Impella IABP Impella

Seyfarth26 RCT Acute MI with CS 13 12 30 days 0% 0%

RCT, randomized controlled trial; *These figures denote the patients with neurologic dysfunction. No definition 
for this entity was given in the article.
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these studies. Although our present study cohort comprises patients who underwent 

cardiac surgery and Impella support, none of the surgical patients developed stroke in 

our study. 

Study limitations

Several limitations with regard to our study should be acknowledged. First of all, 

our report is limited by its retrospective design and its small sample size. Although 

we performed careful chart review to retrieve medical history data, we did not have 

information on several clinical parameters and risk factors for stroke, such as the 

presence of carotid artery stenosis. The patient population included in the present 

analysis is highly heterogeneous, which may influence the results, especially as the 

majority of patients in the study cohort may have been at a higher risk for stroke due 

to their underlying condition. Nevertheless, the current report represents a real-world 

group of patients receiving Impella treatment for a variety of emergency indications 

and with a longer duration of support than has been described in previous reports. 

Finally, due to the retrospective nature of data collection to identify patients suffering 

from stroke, we may have missed some events. Brain imaging studies are not a part of 

routine care in our hospital. Thus, they have only been performed in case of clinical signs 

Table 5 Occurrence of stroke in previously conducted studies with percutaneous mechanical circulatory 
support

Study Study design Type of patients Support devices (n) Follow-up period Stroke rates (%)

IABP versus no support IABP No IABP IABP No IABP

Fuchs30 Case control PCI for variable indications 726 8936 24 hours 2% 0.3%

Unverzagt 20 Systematic review and meta-analysis Acute MI with CS 64 65 Variable 3.1% 0%

Sjauw 7 Systematic review and meta-analysis Acute MI without CS 502 507 variable 3.2% 1.1%

Sjauw Observational cohort study Acute MI with CS 199 93 30 days 1.5% 1.1%

Patel8 RCT Acute MI without CS 161 176 6 months 1.6% 0.6%

TandemHeart versus no support TandemHeart TandemHeart

Thiele25 Safety-and feasibility study Acute MI with CS 18 30 days 5.6%

Burkhoff23 Safety-and feasibility study CS from variable causes 13 6 months 0%

TandemHeart versus IABP IABP TandemHeart IABP TandemHeart

Thiele24 RCT Acute MI with CS 20 21 30 days 0% 0%

Burkhoff22 RCT CS from variable causes 14 19 30 days 31.6%* 50%

Impella Impella Impella

Siegenthaler 28 Cohort study Postcardiotomy CS 24 In-hospital 4.2%

Meyns27 Cohort study CS from variable causes 16 30 days 12.5%

Impella versus IABP IABP Impella IABP Impella

Seyfarth26 RCT Acute MI with CS 13 12 30 days 0% 0%

RCT, randomized controlled trial; *These figures denote the patients with neurologic dysfunction. No definition 
for this entity was given in the article.
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of neurologic dysfunction. However, besides the re-evaluation of imaging studies, we 

also performed careful chart review to identify any additional events. We may however 

have missed asymptomatic cerebral embolization. Six patients died within the first 6 

hours from severe refractory cardiogenic shock, without any clinical signs of massive 

stroke. Nevertheless, we cannot fully exclude the occurrence of neurologic damage in 

those patients. 

Implications 

All patients who experienced stroke in our study were supported for CS after STEMI, 

which implicates a high intrinsic risk for stroke due to their underlying condition. In 

addition, half of patients diagnosed with stroke in the current study had also been 

supported with an IABP, which has been demonstrated to be associated with a higher 

risk of stroke. Our results demonstrate that unlike the surgically placed VAD, the use of 

the Impella catheter-based VAD is not associated with an increased risk of stroke. 

CONCLUSION

The incidence of stroke in our study was low and within the expected range of a 

cardiogenic shock and postcardiotomy patient population. The use of Impella for an 

extended duration of support was not associated with an increased risk of stroke. 
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