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Advances in material and procedural techniques have 
improved the ability to perform percutaneous coronary 
intervention (PCI) in challenging and complex anatomies. 
Yet, technical feasibility of PCI is not the only issue in the 
treatment of complex coronary artery disease, which may 
be approached by surgery or by PCI. Complexity of the pa-
tient is the other, and is probably even more important. 
The SYNTAX trial has shown that patients with low an-
atomical complexity can be treated safely by PCI, while 
patients with high anatomical complexity should be treat-
ed by surgery [1, 2]. However, this does not hold true for 
complex patients with a high perioperative risk, who are 
frequently encountered in clinical practice today. Such pa-
tients present not only with complex coronary anatomies 
(e.g. left main stenosis, multivessel disease, last remaining 
vessel), but also with hemodynamic impairment (e.g. im-
paired left ventricular function, hemodynamic instability) 
and complex comorbidities (e.g. recent myocardial infarc-
tion, congestive heart failure, diabetes, chronic obstructive 
pulmonary disease, renal failure, valvular heart disease, in-
creased age). Hence, decision making in general has to be 
carefully based on the anatomical risk (i.e. the complexity 
of the coronary artery disease) on one hand and on the 
surgical, perioperative risk on the other (Figures 1 A, B).

In routine clinical practice, high-risk patients with 
high-risk anatomies are often judged as inoperable or at 
too high risk for surgery by the heart team and referred 
for interventional treatment by PCI. But how can the in-
terventionalist ensure a good procedural outcome in pa-
tients presenting with severe impairment of left ventric-
ular function and left main disease? Of note, these were 
exactly the patients who were treated in the article of 
Dudek et al. presented in the current issues of Advances 
in Interventional Cardiology [3].

Current guidelines suggest that elective insertion 
of an appropriate hemodynamic support device as an 

adjunct to PCI may be reasonable in carefully selected 
high-risk patients [4, 5]. Though somewhat general, this 
recommendation contains the principle of so-called pro-
tected PCIs.

Coronary ischemia as a  result of repeated tempo-
rary coronary occlusions (during ballon-angioplasty and 
stenting) can transiently worsen during PCI, which may 
lead to peri- and postprocedural adverse events. This is 
of utmost importance in patients with left ventricular 
dysfunction and large areas of myocardium at risk who 
have little reserve. As a consequence, repeated drops in 
blood pressure may occur during the intervention, and 
operators are often in the dilemma to proceed in an 
“in and out as fast as possible” manner rather than to 
achieve an optimal result or complete revascularization. 
The maintenance of perfusion pressure by an appropriate 
hemodynamic support device promises protection from 
the risk of hemodynamic compromise and may thus al-
low complete revascularization, which should translate 
into a better outcome. 

These assumptions are substantiated by data and 
subanalyses from the PROTECT II trial [6]: The PROTECT II 
trial was the largest prospective, randomized clinical trial 
on the use of percutaneous left ventricular assist devices 
during high-risk PCI. Overall, 452 symptomatic patients 
with complex three-vessel disease or left main disease 
and severely impaired left ventricular function were ran-
domized between left ventricular support by an intraaor-
tic balloon pump (IABP) or the Impella 2.5 device (n = 
226). The primary endpoint was the 30-day incidence of 
major adverse events. However, the study was discon-
tinued prematurely (planned enrollment: 654 patients) 
due to futility based on the observed conditional power 
of the 30-day results on an interim analysis. While the 
Impella 2.5 device provided superior hemodynamic sup-
port compared to the IABP, the primary endpoint was not 
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statistically different between groups, either in the inten-
tion-to-treat or in the per-protocol analysis. At the man-
datory 90-day follow-up, a  strong trend was observed 
towards a decreased major adverse event rate in Impel-
la 2.5-supported patients compared to IABP-supported 
patients. This difference was even more pronounced 
in the per-protocol population (40.0% vs. 51.0% Impel-
la vs. IABP, p = 0.023) [7]. The potential mechanism for 
this late advantage is supposed to be related to more 
stable hemodynamic conditions during the procedure, 
which allowed more complete revascularization includ-
ing complex techniques such as rotablation [8]. Indeed, 
further subanalysis revealed that the use of the Impella 
2.5 device in patients undergoing more extensive revas-
cularization resulted in fewer periprocedural hypotensive 
events and was associated with improved 90-day out-
comes compared to IABP use.

In the current issue of the journal, Dudek et al. report 
the initial Polish experiences with hemodynamic support 
using the Impella CP device in complex, high-risk patients 
undergoing elective PCI [3]. And indeed, these were com-
plex, high-risk patients presenting with both high-risk 
anatomies jeopardizing large amounts of myocardium 
(i.e. left main and proximal left anterior descending ar-
tery stenoses) and with high-risk patient conditions (i.e. 
age, impaired left ventricular function, previous revascu-
larization, previous myocardial infarction, chronic kidney 
disease) rendering them at high or prohibitive risk for 
surgery. The authors are to be congratulated for demon-
strating the feasibility and safety of this approach: no-
tably, they did not observe any relevant complications 
(despite access site hematoma) and no death at 30-day 
follow-up, although these were their first few cases treat-
ed at 6 different centers. 

Figure 1. Risk stratification for percutaneous coronary intervention
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The high success rate, however, is not surprising and 
not only based on the fact that the interventions were 
performed by highly experienced operators at high-vol-
ume centers. Without vanity, the authors describe the 
importance of training, education and preparation (i.e. 
backup by a vascular surgeon) when engaging and intro-
ducing this novel technology. And indeed, there is a learn-
ing curve – as in every novel procedure – with substan-
tial room for continuous improvement and refinement 
in order to further simplify the intervention, but also to 
broaden the indication. What if the patient had extensive 
peripheral artery disease precluding transfemoral device 
insertion? In such cases, a left-axillary approach might be 
an alternative [9]. 

In conclusion, complex high-risk PCI using the Im-
pella CP device for hemodynamic support appears to be 
a  promising way for successful treatment that can be 
easily introduced into routine clinical practice, as shown 
by Dudek et al. in this issue of the journal [3]. 
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