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Summary

Although coronary artery bypass grafting (CABG) remains an important therapeutic 

option for patients with complex coronary artery disease (CAD), percutaneous 

coronary intervention (PCI) strategies have become an established alternative. 

Nevertheless, treatment options for surgery-ineligible patients with complex 

CAD used to be limited, especially in patients with a reduced left ventricular (LV) 

function. Those patients are at high risk of profound hypotension and mortality, 

which may be adequately prevented by prophylactic placement of a percutaneous 

mechanical assist device. Although many devices have been developed and 

although randomized evidence has to be awaited, the Impella LP2.5 device seems 

to be promising as it is easily applicable, it carries a low complication rate and it 

provides adequate circulatory support.
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Coronary artery bypass grafting (CABG) has been the traditional standard of treatment 

for patients with coronary artery disease (CAD), since its introduction in 19681. However, 

the introduction of percutaneous revascularization techniques in 19782 provided an 

alternative therapeutic perspective for patients with CAD. Since its first introduction, 

major advances in percutaneous coronary intervention (PCI) technology and adjunctive 

pharmacotherapy have taken place, including the development of drug-eluting stents 

and the fine-tuning of antiplatelet therapy. In addition, technical refinements in PCI 

equipment increased rapidly over the years. Nowadays, increasingly complex coronary 

lesions are considered eligible for percutaneous revascularization. Nevertheless, it 

is still a matter of debate whether PCI or CABG is the optimal choice of treatment, 

especially in patients with uncomplicated CAD who are eligible for both options. In 

a meta-analysis of randomized trials comparing PCI with a bare-metal stent (BMS) to 

CABG, revascularization rates were significantly lower after 5 years in CABG treated 

patients, although for other events such as death, stroke and myocardial infarction, 

no differences were observed3. However, with the development of drug-eluting stents 

(DES), revascularization rates in patients undergoing PCI have declined significantly. In a 

meta-analysis of trials comparing BMS to DES, revascularization rates in patients treated 

with sirolimus-eluting stents were significantly lower than in patients treated with BMS 

or paclitaxel-eluting stents4. A pooled analysis of the SPIRIT II and III trials demonstrated 

a favorable outcome with regard to revascularization rates at 2 years of follow-up for 

everolimus-eluting stents when compared to paclitaxel-eluting stents5.

High-risk patients

For high-risk patients, including patients with poor left ventricular function and complex 

CAD, including left main (LM)-, last patent coronary artery disease and severe three-

vessel disease, CABG has been standard of therapy in surgery-eligible patients up to 

the publication of the SYNTAX trial, with a Class III guideline recommendation for 

PCI in patients with LM disease6. In the SYNTAX trial7, PCI did not meet the criteria 

for non-inferiority when compared to CABG, with a major adverse cardiac and 

cerebrovascular event (MACCE) rate of 17.8 versus 12.4%. Nevertheless, this difference 

was mainly driven by the need for repeat revascularization. This finding was consistent 

throughout pre-specified subgroups, including patients with only LM or three-vessel 

disease. Nevertheless, in patients with a high SYNTAX score (>33), the composite 

endpoint of death, stroke and myocardial infarction was higher in patients undergoing 

PCI, suggesting that a percutaneous approach should be avoided in those patients. 

In patients with lower SYNTAX scores, the difference in results is mainly driven by 

the difference in revascularization rates. In the overall trial, stroke was more likely to 

occur in patients undergoing CABG. Therefore, although the SYNTAX investigators 

concluded that CABG should remain standard of care, PCI has become a reasonable 

proefschrift.indb   79 10-5-2012   14:14:44

Engstrom_PROEF (all).ps Front - 40     T1 -    Black CyanMagentaYellow



Chapter 4.1

80

alternative, especially for patients with a SYNTAX score of <33, which is reflected by the 

recent guideline update, upgrading PCI recommendation in patients with unprotected 

LM coronary lesions eligible for CABG from Class III to class IIb8. Another important 

consideration is the fact that currently, more promising devices are available, which may 

be associated with lower revascularization rates than the paclitaxel-eluting stents that 

were used in the SYNTAX trial, as shown in a recent meta-analysis9.

However, a different line of reasoning applies to high-risk patients who are ineligible for 

CABG. In addition to complex or severe CAD, which is a risk factor in itself for procedural 

complications and mortality, the presence of severe left ventricular (LV) dysfunction10 is 

one of the important determinants of the high risk associated with treatment in those 

patients. In such patients, percutaneous revascularization carries a high-risk of peri-

procedural complications, including severe hypotension and mortality. In addition, there 

is an important risk of suboptimal treatment. Especially in the case of a complex lesion, 

single or subsequent prolonged balloon inflations may be necessary to ensure optimal 

treatment. In patients with poor LV function, the transient ischemia associated with 

single or multiple prolonged balloon inflations may cause serious complications such as 

profound hypotension and cardiogenic shock.

Mechanical support during PCI is therefore a prerequisite in this specific patient 

category, as it provides a so-called ‘safety-net’ by supporting native cardiac function 

and preventing hypotension. Basically, the primary goal for mechanical support during 

high-risk PCI is to bridge a stable hemodynamic state through a complex interventional 

procedure; in essence to allow the cardiovascular system to withstand transient 

derangements and resume its original function immediately post-procedure or shortly 

thereafter. In addition, the ideal device should alter the ischemic threshold and partially 

support end-organ perfusion, allowing time for optimal treatment of complex coronary 

lesions, including prolonged and repeated balloon inflation. Furthermore, it should 

allow time for any associated procedural complications, such as distal embolization or 

coronary dissection, to resolve. Although there is no clear definition for high-risk PCI, 

one intuitively understands this to be a combination of original hemodynamic status, 

native cardiac function, assumed complexity of the PCI procedure and peri-procedural 

large myocardial area at risk for ischemia.

Mechanical circulatory support in high-risk PCI

Currently, several strategies are available for mechanical circulatory support in the 

catheterization laboratory. Some devices have re-entered the catheterization laboratory, 

such as extracorporeal membrane oxygenation (ECMO) and also some more recently 

developed devices such as the Reitan catheter pump. These two currently less real-world 

options will be described initially. Nevertheless, the three most widely used devices 
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for prophylactic support during high-risk PCI are the Intra-aortic balloon pump, the 

TandemHeart system and the Impella LP2.5.

Extracorporeal membrane oxygenation (ECMO)

The ECMO device is basically a ‘heart-lung machine’, which can provide circulatory 

and respiratory support to a failing patient (Figure 1). This type of support used to 

require surgery even when femoral access was used. However, recently developed 

ECMO systems such as the Maquet Cardiohelp and Centrimag allow for percutaneous 

insertion. After cannula (16-F) placement, blood is taken from the patient and passed 

through a membrane oxygenator. The membrane oxygenator serves to remove carbon 

dioxide from the venous blood and exchange it for oxygen. Blood is then returned to 

the patient. There are two types of ECMO – veno-arterial (VA) and veno-venous (VV), 

Figure 1b Percutaneous extracorporeal 
membrane oxygenator (ECMO). The left 
panel shows the veno-venous access, 
more often used in pediatrics. The right 
panel shows a percutaneous veno-arterial 
access ECMO system with an integrated 
centrifugal pump and membrane 
oxygenator (artificial lung).

Figure 1a The traditional heart-lung 
machine or extracorporeal membrane 
oxygenator (ECMO) concept has two main 
subunits; the centrifugal pump and the 
artificial lung.
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however, cardiac support is only provided by the veno-arterial ECMO. ECMO can be 

used for prolonged cardiac support in the setting of cardiogenic shock when the instant 

implantation of a surgical left ventricular assist device is not feasible. After circulatory 

support and oxygenation is re-established with ECMO, transition to an assist device is 

often possible11. ECMO requires priming fluids and intensive anticoagulation as well as 

constant intensive care monitoring. Also, the left ventricle is not directly unloaded and 

in fact some LV loading may be present in ECMO support. In addition, management 

of the ECMO device usually requires specialized training of the involved personnel. 

Several reports have described the effects of ECMO in the setting of (postcardiotomy) 

cardiogenic shock12–14, although no randomized trials have been performed in this 

setting. In the setting of high-risk PCI, a few case reports have been published on the 

use of ECMO15,16. Considering its complexity and invasiveness, in our opinion there is 

no role for this device in the setting of high-risk PCI, despite its potential usefulness in 

cardiogenic shock and the adequate circulatory support it provides.

Reitan catheter pump

The Reitan catheter pump (CardioBridge GmbH, Hechingen, Germany) consists of a 

catheter-mounted distal pump-head with a foldable propeller and surrounding cage, an 

interface unit, and an external drive unit with a console (Figure 2). The collapsed pump-

head is delivered through a sheath (14-F) in the femoral artery and positioned in the 

proximal descending aorta, distal to the left subclavian artery. After proper positioning, 

the cage is deployed and the propeller arms are extended and rotated, creating a 

pressure gradient within the aorta. In animal studies, afterload reduction and increased 

organ perfusion were demonstrated17,18. Recently, the first-in-man safety and feasibility 

Figure 2 Panel A displays the Reitan catheter pump head in ex-vivo deployed position; Panel B displays the 
correct positioning of the Reitan catheter pump in the descending aorta
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study was published by Smith et al19, in 10 patients undergoing high-risk PCI. In this 

study, the pump was successfully implanted in 9 out of 10 patients; an aortic gradient 

of 9.8 ± 2 mmHg was created. Except for 1 non-STEMI, no complications were observed 

in this study. Although this new device is being described for sake of completeness, it 

is clear that before any conclusions can be drawn on its role in the current practice of 

mechanical support in high-risk PCI, larger studies are needed to confirm these findings.

Intra-aortic balloon pump

Since its introduction in 196820, the Intra-aortic balloon pump (IABP) has been the most 

widely used percutaneous left ventricular support device (Figure 3). 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. Both 

mechanisms tend to increase cardiac index and early diastolic pressure. IABP therapy 

Figure 3 Intra-aortic balloon pump (IABP). The balloon inflates during diastole, increasing coronary blood flow. 
It deflates during systole, reducing afterload and wedge pressure.

has been hypothesized to result in infarct size reduction, however, experimental studies 

show variable results and this hypothesis could not be confirmed in clinical practice21. 

The IABP is easy to introduce, widely available and carries low-costs. The main indication 

for IABP use is cardiogenic shock (CS) after ST-elevation myocardial infarction (STEMI), 

for which it has a class I guideline recommendation22. However, evidence endorsing 

this recommendation is scarce, as has been demonstrated recently by a meta-analysis 

of randomized trials in high-risk STEMI and cohort studies in STEMI complicated by 

CS21. However, guidelines are less straightforward considering the use of IABP in high-

risk PCI. In 2003, a registry of elective IABP during high-risk PCI versus conventional 

treatment was published by Briguori et al23. In this study, event rate was significantly 

higher in patients receiving conventional treatment. In 2006, a comparable registry in 
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unprotected left-main patients showed similar results24. Mishra et al published a registry 

of prophylactic versus rescue IABP use during high-risk PCI in 2006 as well, also showing 

an impressive reduction in 6-month mortality and MACCE rates for patients receiving 

prophylactic IABP support25. Recently, the results of the BCIS-1 trial were presented26. 

In this study, high-risk patients were randomized to prophylactic IABP usage versus 

conventional therapy. No differences in 28-day MACCE could be demonstrated between 

groups, although the number of procedural complications, including hypotension, was 

higher in the control group. Importantly however, this did not lead to an increase in 

mortality.

TandemHeart

The TandemHeart percutaneous ventricular assist device (pVAD) 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 4). 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 

Figure 4 Panel A. The TandemHeart ventricular assist device 
(VAD) (CardiacAssist, Pittsburgh, PA). It includes a left atrial 
transseptal inflow cannula, an arterial return cannula, a 
centrifugal blood pump and an external controller. Panel B. 
The centrifugal blood pump.
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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 

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 

indication is high-risk PCI, although it is frequently used in CS complicating acute 

myocardial infarction as well27.

The Tandem Heart system has been compared to IABP in the setting of cardiogenic 

shock in two randomized trials28,29. Although the device provided adequate circulatory 

support, it was associated with several complications. Although only small series 

have been published in elective high-risk PCI30–32 and high-risk PCI combined with 

percutaneous aortic valve implantation33, results from those studies are consistent with 

the results from the randomized trials. Although hemodynamic support was adequate 

and procedural success rate was high, severe complications, including leg ischemia and 

severe bleeding, were observed.

Impella LP2.5

The Impella LP2.5 is a catheter-mounted (9-F) micro-axial blood pump (12-F), designed 

for short-term mechanical LV and circulatory support (Figure 5). It is inserted through 

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

ventricle using fluoroscopy.  At a maximum rotational speed of 51.000 rpm, it produces 

a maximum output of 2.5 L/min, 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. The Impella LP2.5 device is CE-approved for use up to 5 

days. In addition, it has received 510 (k) clearance by the FDA for circulatory support up 

to 6 hours. Possible complications associated with the device include bleeding, vascular 

access site complications, limb ischemia and stroke. Nevertheless, to reduce the risk of 

stroke, echocardiography before device placement is mandatory. Anticoagulation during 

high-risk PCI is with heparin, ensuring ACT levels to be above 250 s. For longer Impella 

support an APTT level of 50-70 seconds is recommended. The Impella device has been 

investigated in several settings besides high-risk PCI, including ST-elevation myocardial 
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infarctions and cardiogenic shock. In a small non-randomized pilot study, safety and 

efficacy of 3-day Impella support was demonstrated, in addition to a potential beneficial 

effect on left ventricular ejection fraction (LVEF)34. Encouraged by these results, a 

randomized trial was designed to compare the effect of IABP to Impella LP2.5 on LVEF 

in cardiogenic pre-shock patients, which is currently ongoing (IMPRESS in STEMI trial, 

NTR 1079, www.trialregister.nl). In the ISAR-SHOCK trial, Impella LP2.5 was compared 

to IABP in STEMI patients presenting in cardiogenic shock, and although no mortality 

difference could be demonstrated, cardiac index after 30 minutes was significantly 

higher in patients treated with Impella35. Nevertheless, larger trials are needed to 

establish the usefulness of Impella in the setting of STEMI. In high-risk PCI however, 

several studies have been conducted. Encouraging results with regard to safety and 

feasibility were demonstrated in several case series describing Impella support in high-

risk PCI36–38. In those studies, overall results with regard to ease of Impella insertion, 

procedural success rate and complication rates were rather similar; Impella insertion was 

reported to be easy and uneventful and the incidence of groin complications or bleeding 

was low. Recently, safety and feasibility of prophylactic Impella LP2.5 treatment in high-

risk PCI was investigated in a European multicenter registry of 144 patients39. This 

study confirmed the encouraging results from previously conducted studies. Impella 

insertion was shown to be easy in the majority of cases; in addition, complication rate 

was low, with a 30-day mortality rate of 5.5% and rates of MI, stroke, major bleeding 

and vascular complications of 0%, 0.7%, 6.2% and 4.0% respectively.

Expert commentary

The ideal percutaneous support device to use in high-risk PCI is easy to insert, has a 

low complication rate, is effective in preventing procedural complications, provides an 

Figure 5 Panel A and B. Schematic overview displaying the Impella LP2.5 pump, 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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adequate safety net and enables optimal treatment for all complex coronary lesions. 

As far as the ECMO and Reitan catheter pump are concerned, in our opinion, these 

devices do not currently have a role in high-risk PCI. When considering the most widely 

used assist devices, the TandemHeart device may seem the least ideal. Although in 

experienced hands, insertion may not be as complex, it still has an important learning 

curve. In addition, it is associated with several complications, such as bleeding and 

leg ischemia. Therefore, we do not consider it to be a “real-world” cardiac support 

option and in our opinion, it is unlikely that the TandemHeart will be widely adopted in 

catheterization laboratories. With regard to the other devices, one may conclude that 

IABP and Impella are somewhat equivalent candidates. Currently, a randomized trial is 

ongoing (PROTECT 2, IDE G050017) of IABP versus Impella LP2.5 in patients undergoing 

high-risk PCI (www.clinicaltrials.gov, NCT00562016). Although this trial may provide 

a more evidence-based answer to the question what device to use, in our opinion, 

current circumstantial evidence is in favor of the Impella LP2.5 device.  As said, the 

initial single and multi-centre reports including the Protect 138 and Europella39 studies 

revealed encouraging results. Importantly, the Impella LP2.5 does not depend on native 

cardiac function, such as the IABP. Therefore, it is capable of maintaining adequate 

cardiac output and brain perfusion at the time of circulatory disarray due to depressed 

left ventricular function. In addition, the IABP requires a stable heart rhythm allowing 

optimal function, whereas the Impella device operates without underlying rhythm. Even 

in cardiac arrest, Impella resulted in better cerebral protection compared with open 

chest compression in experimental setting40,41. The improved brain perfusion has been 

reported in humans42. The fact that Impella operates and produces active forward blood 

flow independent from native LV function and rhythm suggest potential superiority of 

this device even during severe hypotension, cardiac arrest or ventricular fibrillation. This 

benefit is not outweighed by an increase in complication rate or complex introduction 

procedures.

Five-year view

Within the next years, the results of the ongoing PROTECT 2 trial will become available, 

providing a definite answer to the question whether Impella LP2.5 is actually superior to 

IABP support during high-risk PCI. Although these outcomes will have to be awaited, in 

our opinion, Impella LP2.5 support is likely to be standard of treatment within the next 

5 years for patients undergoing high-risk PCI. In our institution, we already adopted this 

approach as a standard of treatment: currently, we consider prophylactic Impella LP2.5 

placement in all patients undergoing elective last remaining patent conduit or LM PCI 

with an LVEF <30%.
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In conclusion, although CABG may remain an important therapeutic option for patients 

with complex CAD, PCI has become an established alternative. Patients with complex 

lesions who are at high risk of hemodynamic derangement are more and more often 

considered for PCI, especially when ineligible for cardiac surgery. The application of 

percutaneous mechanical support in the catheterization laboratory enables prevention 

of hemodynamic compromise in these high-risk patients. Therefore, in our opinion, the 

increasing availability of easily applicable and powerful percutaneous left ventricular 

assist devices has importantly enhanced the possibilities for application of PCI, both in 

patients ineligible and eligible for cardiac surgery.

Key issues

- Historically, coronary artery bypass grafting (CABG) has been the standard of 

treatment for patients with complex coronary artery disease (CAD)

- In the SYNTAX trial, PCI did not meet non-inferiority when compared to CABG, 

however, this outcome was mainly driven by the difference in target vessel 

revascularization

- In patients with SYNTAX scores <33, PCI may be a reasonable alternative, especially 

when considering the new generation of DES, which was not evaluated in the 

SYNTAX

- PCI treatment of surgery-ineligible patients with complex CAD and a reduced left 

ventricular function is associated with a high risk of circulatory collapse and mortality

- Although not clearly defined, a high-risk PCI procedure entails a combination of 

original hemodynamic status, native cardiac function, assumed complexity of the PCI 

procedure and peri-procedural large myocardial area at risk for ischemia.

- In high-risk patients ineligible for surgery, mechanical circulatory support may prevent 

circulatory collapse and mortality

- Several different percutaneous mechanical assist devices are currently available, with 

highly variable levels of invasiveness, complication rates and efficacy

- Ideally, a percutaneous assist device is easy to insert, has a low complication rate and 

is still capable of providing an adequate level of hemodynamic support

- In our opinion, the Impella LP2.5 device seems a promising device and, potentially, 

the future standard of treatment for prophylactic hemodynamic support in high-risk 

PCI
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