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INTRODUCTION

Many left ventricular support devices have been developed for the catheterization 

laboratory over the past decades. However, only those allowing percutaneous access 

have stood the test of time. Although these devices differ in their mechanism of action, 

they share a common goal: providing circulatory support while unloading the left 

ventricle. Percutaneous left ventricular assist devices can be used in a variety of clinical 

settings such as during high-risk angioplasty procedures or left ventricular heart failure 

due to unknown causes. It is clear however, that these devices are especially useful 

in the clinical setting of acute myocardial infarction, whether or not complicated by 

hemodynamic compromise.  

This chapter will focus on the applicability of several percutaneous left ventricular 

support devices from the past, the present and the future in the clinical setting of acute 

ST elevation myocardial infarction.

Despite considerable improvements in treatment of acute ST elevation myocardial 

infarction (STEMI), outcomes have predominantly improved in STEMI patients without 

cardiogenic shock (CS). Nevertheless, cardiogenic shock occurs in approximately 7-10% 

of STEMI patients and is the leading cause of death for hospitalized patients1. In-hospital 

mortality rates of STEMI complicated by CS are around 50%, despite reperfusion by 

primary percutaneous coronary intervention (PCI), the current standard of treatment2. 

Currently, two therapeutic approaches can be adopted for STEMI patients presenting 

with CS or cardiogenic pre-shock to support the endangered circulation and the failing 

myocardium: 

1. Pharmacological inotropic support 

There is a variety of inotropic and vasopressor agents enabling quick improvement of 

hemodynamic parameters in CS. However, these agents failed to demonstrate improved 

survival in randomized studies. Currently, pharmacological circulatory support is listed as 

a class IIA recommendation3.

2. Mechanical left ventricular support

This modality of support has been made possible in humans first and foremost by the 

introduction of intra-aortic balloon counterpulsation about four decades ago. Currently, 

mechanical left ventricular support with an intra-aortic balloon pump (IABP) is listed as 

a class IB recommendation3.
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RATIONALE

The development of CS after STEMI is due to profound depression of myocardial 

contractility due to extensive myocardial infarction, leading to a vicious cycle of reduced 

cardiac output, low blood pressure and reduced coronary blood flow, leading to an 

increase in myocardial ischemia and a subsequent further reduction of myocardial 

contractility and cardiac output. As a consequence of decreased cardiac output, peripheral 

organ perfusion is diminished as well. Despite compensatory mechanisms of peripheral 

vasoconstriction and redistribution of blood flow to vital organs, this cycle ultimately 

leads to multiple organ failure and death4. The purpose of mechanical left ventricular 

(LV) support is to break out of the abovementioned vicious cycle. Mechanical LV support 

may suspend the progressive hemodynamic disarray and prevent the detrimental effects 

of organ hypoperfusion by providing increased systemic blood flow. Additionally, 

mechanical support unloads the left ventricle itself, which may hypothetically result in 

infarct size reduction and increased LV recovery. This hypothesis has been confirmed 

in experimental setting only5,6. In summary, the rationale for mechanical LV support 

in STEMI without CS is to restore LV function and reduce final infarct size: myocardial 

recovery.  In STEMI complicated by CS, the rationale for mechanical LV support is two-

fold: myocardial recovery and organ recovery7. 

IABP

The IABP was first introduced in the setting of CS in 19688. Ever since, and especially after 

the development of a percutaneous insertion technique, IABP therapy has been used 

increasingly for several clinical conditions requiring mechanical LV support9. In current 

practice, it is still the most frequently used method of mechanical cardiac assistance in 

the catheterization laboratory. The main effects of IABP therapy are diastolic blood flow 

augmentation in the coronary and systemic circulation, as well as a systolic reduction in 

afterload and aortic impedance (Figure 1). Both mechanisms tend to increase cardiac 

index and early diastolic pressure. IABP therapy has been hypothesized to result in infarct 

size reduction, however, experimental studies show variable results and this hypothesis 

could not be confirmed in clinical practice10. Historically, IABP therapy has been used in 

a wide variety of conditions in STEMI patients, as reported by Stone et al11. However, 

the range of indications in the American College of Cardiology (ACC)/American Heart 

Association (AHA) guidelines has narrowed since. In current practice, there is no role for 

routine IABP therapy in the setting of STEMI without CS. In a recently conducted meta-

analysis of all randomized controlled trials in high-risk STEMI patients, no benefit was 

demonstrated in patients being treated with adjunctive IABP therapy12. Currently, the 

main indication for IABP therapy in STEMI, as adjunctive therapy to revascularization, 

is CS not quickly reversed by pharmacologic therapy3. This indication is listed in the 
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ACC/AHA guidelines as a class IB recommendation, although no randomized controlled 

trials have been performed in CS. In our recently conducted, simultaneously performed 

meta-analysis of observational studies in STEMI patients with CS, data were importantly 

affected by confounders12. Notwithstanding the lack of evidence to support the use of 

IABP therapy, either in STEMI patients or in STEMI patients presenting with CS, it is still 

a popular treatment strategy. Moreover, it is the only method for mechanical cardiac 

assistance which is widely available and easily applicable in current practice. 

PERCUTANEOUS LEFT VENTRICULAR ASSIST DEVICES

Although IABP therapy does provide an immediate rise in blood pressure and although it 

is listed in the guidelines as a class IB recommendation, it provides insufficient support in 

the setting of CS. Surgically implantable left ventricular assist devices (LVADs) have been 

shown to provide more effective circulatory support. However, in the setting of STEMI 

complicated by CS, the applicability of this therapy is limited. Nevertheless, as detailed 

above, mechanical left ventricular and circulatory support may be a promising additional 

treatment approach both in STEMI patients and in STEMI complicated by CS. Therefore, 

the development of percutaneous LVADs has been of great interest. Amongst the first 

percutaneous LVADs were the femoro-femoral cardiopulmonary support system (CPS) 

and the Hemopump (Medtronic, Minneapolis, MN). Both devices were associated with 

high complication rates and are no longer available. More recently, the TandemHeart 

(CardiacAssist, Pittsburgh, PA) and the Impella 2.5LP and the Impella 5.0LP (Abiomed 

Europe GmbH; Aachen, Germany) have been introduced. 

Figure 1 Intra-aortic balloon counterpulsation by the intra-aortic balloon pump (IABP) (Arrow International 
Inc, USA). The balloon is inflated during diastole, increasing coronary blood flow, and deflated during systole, 
reducing afterload and wedge pressure. 
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TandemHeart

The TandemHeart percutaneous ventricular assist device (VAD) is an extracorporeal, dual-

chambered, low-speed centrifugal continuous-flow pump. It is a left-atrial to femoral 

artery bypass system, designed for short-term mechanical LV support, consisting of a 

transseptal cannula, an arterial cannula, the aforementioned extracorporeal pump and 

an external controller (Figure 2). Blood is aspirated from the left atrium and pumped 

through the upper housing of the extracorporeal pump. Subsequently, it is returned to 

one or both femoral arteries. The lower housing of the pump provides communication 

with the controller and the infusion line which provides the pump with a heparin solution 

for lubrication, cooling and local anticoagulation. At a maximum rotational speed of 

7500 rpm, the TandemHeart pVAD can deliver a maximum output of 4.0 L/min. The 

device can be inserted in the catheterization laboratory, under fluoroscopy, but it can 

also easily be inserted in the operating room. The 21F transseptal inflow cannula is first 

inserted through the femoral vein, and subsequently advanced into the right atrium. 

After the interatrial septum has been punctured, according to the Brockenbrough 

technique, the puncture site is dilated to 21F using a two-stage dilator. Afterwards, 

the inflow cannula is positioned in the left atrium, guided by fluoroscopy. The outflow 

cannula (15 to 17 Fr) is inserted through the femoral artery and positioned at the level 

Figure 2 Panel A. The TandemHeart ventricular assist device (VAD) (CardiacAssist, Pittsburgh, PA), including 
a left atrial transseptal inflow cannula, an arterial return cannula, a centrifugal blood pump and an external 
controller. Panel B. The centrifugal blood pump, with the upper housing accommodating blood and the lower 
housing which provides connection to the infusion line and the external controller.
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of the aortic bifurcation. After cannulation of the left atrium and positioning of the 

outflow cannula, and after the total system is de-aired, both cannulas are connected to 

the pump. The implantation procedure takes around 30-45 minutes, when the operator 

is experienced. The TandemHeart is Conformité Européenne (CE) marked and is United 

States Food and Drug Administration (FDA)-approved as a short-term device. Its main 

indications include high-risk PCI and CS complicating acute myocardial infarction. In the 

setting of mechanical circulatory support during elective high-risk PCI, the TandemHeart 

VAD has been demonstrated to be capable of delivering adequate hemodynamic 

support13.

In the setting of STEMI complicated by CS, Thiele et al have demonstrated safety and 

feasibility of mechanical support by the TandemHeart VAD. Moreover, hemodynamic 

parameters improved significantly14. Two randomized trials comparing IABP versus 

TandemHeart have been conducted in patients with CS15,16. In both of these trials, 

hemodynamic parameters improved significantly in patients who were supported by the 

TandemHeart VAD. However, both small studies revealed a high complication rate in the 

TandemHeart-supported patients. Complications observed included tamponade, major 

bleeding, critical limb ischemia, sepsis and arrhythmias. The most important factors 

contributing to these complications are likely to be the highly invasive and complex 

insertion procedure and the extracorporeal support method, combined with full high 

anticoagulation. Furthermore, although both trials were not adequately powered to 

detect differences in mortality, no mortality benefit was demonstrated for the patients 

treated with the TandemHeart, despite the beneficial hemodynamic effects. In a recent 

review article we performed a meta-analysis, including only 74 patients17, revealing a 

slight trend towards an odds ratio in favour of IABP therapy (odds ratio [OR] 1.17, 95% 

confidence interval [CI], 0.47-2.96, p=0.73). However, the TandemHeart can provide 

adequate circulatory support to maintain adequate coronary and peripheral perfusion 

regardless of native heart rhythm.

Practical tips and tricks

1. A preprocedural arteriogram should always be performed. This helps in deciding 

between the use of a single 17/15 Fr outflow cannula artery or using two 12 Fr 

Outflow cannulae with a Y connector. In patients with severe peripheral vascular 

disease, a Dacron graft (chimney) may be sutured to facilitate the insertion of the 

arterial cannula, thereby avoiding injury to the vessel. 

2. Patients already on IABP support cannot have the IABP removed safely after insertion 

of the TandemHeart because of an increased risk of bleeding complications due to 

anticoagulation. In such situations, it is helpful to reset the rate of the IABP to 3:1 

while on TandemHeart support to facilitate retrograde flow in the aorta. An external 
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suture bump or a purse string suture at the arterial site can be used to prevent 

bleeding and risk of dislodgement.

3. It is imperative to ensure that all the holes on the inflow cannulae are in the left atrium 

(LA). Presence of even a single hole in right atrium can lead to rapid desaturation 

due to the development of R-L shunt.

4. Adjust the pump speed so as to allow intermittent aortic valve opening. This reduces 

the risk of clot formation in the non coronary sinus.  We should aim at unloading 

the ventricle just enough to reverse the shock state, while still allowing opening 

of the aortic valve. Complete unloading of the ventricle should not be the goal. In 

patients with a ventricular septal defect (VSD), excessive unloading of the LV may 

cause paradoxical embolism.

5. Maintain PTT > 60 using heparin or an Activated Clotting Time (ACT) > 250 

initially and more than 200 during the remainder of support, so as to avoid the 

risk of cardioembolic stroke. In some instances, Bivalirudin (Angiomax) has been 

used successfully for anticoagulation in patients who developed Heparin Induced 

Thrombocytopenia (HIT).

6. It is absolutely necessary to avoid movement as much as possible to prevent 

dislodgement of the inlet cannula from the LA. Even a slight flexion/extension of the 

body may dislodge the cannula with catastrophic results. This is especially important 

while moving the patients form the catheterization lab to the ICU. We prefer using 

total parenteral nutrition (TPN) instead of tube feeding and having Foley’s catheters 

in our patient’s so as to minimize movement as much as possible.  

7. Before explanting a TandemHeart which has been in place for greater than 48 hrs, it 

is desirable to perform a transesophageal echocardiogram (TEE) to rule out any clots 

in the LA. If the duration of support was a few days, there is a high risk for formation 

of a fibrinous cast around the cannula. In such situations, it is better to remove the 

TandemHeart surgically after removal of the Left Atrial clot/fibrinous cast. 

 In conclusion, the TandemHeart device is capable of delivering effective mechanical 

LV and circulatory support in selected groups of critically ill patients. Nevertheless, 

because of the high complication rate and the associated learning curve, its use is 

currently limited.

Impella 

The Impella LP2.5 and LP5.0 are catheter-mounted micro-axial blood pumps, designed 

for short-term mechanical LV and circulatory support.  Both of these pumps are inserted 

through the femoral artery and subsequently positioned across the aortic valve into 

the left ventricle using fluoroscopy (Figure 3)18. The Impella LP2.5 can be introduced 

percutaneously, whereas the larger Impella LP5.0 still requires a surgical cutdown of 

the femoral artery.  At a maximum rotational speed of 33.000 and 50.000 rpm, they 
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produce a maximum output of 2.5 L/min and 5.0 L/min, respectively, by expelling 

aspirated blood from the left ventricle into the ascending aorta. A purge fluid containing 

dextrose and heparin is delivered through the catheter to the motor housing by an 

infusion pump, to prevent aspirated blood from entering the motor. Both devices are 

CE-marked. The Impella LP2.5 device has recently received 510 (k) clearance by the 

FDA. For the Impella LP5.0, a study to obtain an investigational device exemption (IDE) 

is still ongoing (the RECOVER I trial).The currently available clinical experience has been 

gathered in a wide range of settings. In the setting of mechanical LV support during 

elective high-risk PCI, we have previously reported on safety and feasibility of Impella 

LP2.5 support, which was confirmed in a large European multicenter registry and a trial 

conducted by Abiomed Inc, the PROTECT I trial19,20. The safety, feasibility and efficacy 

of Impella LP2.5 support was studied in patients with large anterior STEMI in the MACH 

2 trial21. In this non-randomized study, prolonged Impella 2.5LP support was evaluated 

as adjunctive therapy to primary PCI (n=10), compared to routine care (n=10). Besides 

demonstrating safety and feasibility of Impella LP2.5 support, the study revealed an 

improvement in mean left ventricular ejection fraction (LVEF) from 28% at baseline to 

41% after 4 months in the Impella-supported patients. In the control group, mean LVEF 

improved from 40% to 45%. These data suggest a beneficial effect of LV unloading 

on post-infarct LV remodelling and therefore, a beneficial effect on LV function. In the 

setting of CS, several studies have been performed as well. In the ISAR-SHOCK trial, 

in which 26 STEMI patients with CS were randomized to concomitant Impella LP2.5 

support or IABP therapy, Impella LP2.5 support resulted in reduced blood lactate levels. 

However, no difference in mortality rate was observed22. Preliminary data from our 

database of CS patients treated with either Impella LP2.5 or Impella LP5.0 shows that 

2.5 L/min of support in most cases is insufficient. The Impella LP5.0 was more effective 

in LV unloading and reversal of CS23. A percutaneous method for the insertion of the 

Figure 3 Panel A and B. Schematic overview displaying the Impella LP2.5 pump (Abiomed Inc, USA), which is 
inserted percutaneously and positioned across the aortic valve in the left ventricle Panel C. The Impella LP2.5 
pump, next to a 6 Fr diagnostic catheter
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Impella LP5.0 without the need for a surgical cut-down is currently being developed and 

eagerly awaited.

Practical tips and tricks: 

1-  Insertion of Impella is easy and in fact tortuous iliac trajectories are usually easily 

crossed. When the head of the Impella does not seem to cross this iliac trajectories, 

after already being out of the sheath and in the vessel,  a buddy wire with another 

guide wire 0.35” or an even more rigid wire may ease the passage, since the 13 Fr 

sheath allows another guide wire as the Impella catheter is only 9 Fr.

2-  After Impella placement in the LV and initiation of support, usually within 2-5 minutes, 

there is an alarm of suction. This is due to the unloading of the LV. The Impella device 

basically drives itself into the apex. A simple pulling of 2-5 cm is enough to stop the 

alarm. In almost all cases thereafter the catheter stays stable throughout operation 

even for days. The manual states that a reduction of performance is required; this 

is not a good idea as this action in itself changes the Impella position and adequate 

placement becomes less obvious. Sometimes the reverse may occur at the end of 

support for high-risk PCI, while reducing support levels. Reduction of performance 

may make the Impella have a tendency to come out of the LV. This is not common 

while weaning after a longer period of support, e.g. several days.

3-  Patients who are volume depleted may initially have a small drop in blood pressure, 

in elective high-risk PCI as the volume unloading reduces the LV preload in such a 

manner that blood pressure may drop somewhat. This usually occurs in the first few 

minutes after initiation. This is almost never seen in cardiogenic pre-shock where 

high LV end diastolic pressures are common.   

 In conclusion, Impella technology offers the opportunity for mechanical LV support 

in many clinical settings. Both the Impella LP2.5 and the percutaneously implantable 

Impella LP5.0 may be a preliminary answer to the need for a minimally invasive 

and easy deployable mechanical assist device that provides superior hemodynamic 

support compared to IABP.

FUTURE PERSPECTIVES

As detailed, the use of percutaneous left ventricular assist devices can be beneficial 

in a variety of clinical settings. In elective high-risk PCI, peri-procedural hemodynamic 

compromise and complications can occur rapidly. Although prophylactic IABP therapy 

is still under debate, there may be a trend for improved survival when used, particularly 

due to a lower peri-procedural complication rate. Percutaneous LVADs, as detailed, may 

be capable of providing superior hemodynamic support when compared with IABP. 
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Recently, the PROTECT II trial has been initiated, comparing the Impella LP2.5 with the 

IABP for circulatory support during elective high-risk PCl. The primary endpoint is MACE 

at 30 days.  

In STEMI patients without CS, outcomes have improved considerably. Nevertheless, 

long-term outcome is strongly affected by LV remodelling, especially in the case of 

a large myocardial infarction. Unloading of the left ventricle may beneficially affect 

the remodelling process. The efficacy of pharmacological LV unloading has been 

demonstrated24. Moreover, the efficacy of mechanical unloading has been demonstrated 

in an experimental setting5,6. The recently conducted MACH 2 trial suggests the efficacy 

of mechanical unloading in a clinical setting21. To further elaborate on the efficacy of 

LV unloading and the beneficial effect on LV remodelling, we have recently initiated the 

IMPRESS in STEMI trial, comparing mechanical support by IABP versus Impella LP2.5 

in STEMI patients with signs of pre-shock.The primary endpoint will be LVEF after 4 

months, as assessed by MRI (Figure 4). In STEMI complicated by CS, mortality rates 

remain high despite prompt revascularization, optimal pharmacologic treatment and 

mechanical support with the IABP. In these patients, percutaneous LVAD therapy, which 

may provide superior hemodynamic support as compared to IABP therapy, may be a 

promising therapeutic approach. To investigate the efficacy of a percutaneous LVAD, 

in comparison to IABP therapy, which is currently recommended in the guidelines as 

additional therapy besides primary PCI, we will initiate the IMPRESS in severe shock trial. 

This trial will compare the effects of mechanical support by IABP versus Impella LP5.0 

in STEMI patients presenting with deep CS. The primary endpoint will be mortality after 

30 days (Figure 5). 

CONCLUSION

Many left ventricular support devices have been developed but only a few have reached 

a more widespread usage in the catheterization laboratory. A suitable percutaneous left 

ventricular support device should be easy to use and powerful in its circulatory support. 

Mechanical left ventricular support could be beneficial in a variety of clinical settings, 

but especially in the setting of STEMI. In STEMI patients without CS, the primary 

purpose of mechanical LV support is myocardial recovery. In STEMI with CS, mechanical 

LV support is directed at both myocardial and organ recovery, the IABP is currently the 

most widely available and most easily applicable method of mechanical left ventricular 

support. However, IABP therapy has failed to improve clinical outcome in randomized 

trials. Surgical LVADs provide superior hemodynamic support. However, many issues 

withhold their widespread application in the setting of CS. Therefore, after four decades 

of IABP support, the development and increasing clinical experience with percutaneous 
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left ventricular assist devices heralds the dawn of a new era of superior hemodynamic 

support as an additional treatment besides primary PCI. In STEMI patients with CS, 

mechanical circulatory support may even become equally important as or perhaps more 

important than opening the occluded artery. In the future, the treatment focus for 

these patients may therefore shift from door-to-balloon time to door-to-circulatory-

support time.

European multicenter trial
130 STEMI patients with anterior STEMI

After PCI HR > 100/min and/or syst BP < 100 mm Hg 
Clinical pre-shock

Echocardiography

RandomizationImpella IABP

Echocardiography

Primary endpoint
LVEF on MRI after 4 months

IMPRESS in STEMI–Trial Design 

96 STEMI patients
Severe Cardiogenic shock 

Randomization

IABP Impella 5,0 LP

Primary endpoint
Mortality after 30 days

IMPRESS in severe shock –Trial Design

Figure 4 IMPRESS in STEMI –trial design Figure 5 IMPRESS in severe shock-trial design
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