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Mechanical Circulatory
Support in High-Risk
Percutaneous Coronary
Intervention
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KEY POINTS

� Identifying patients at high risk for percutaneous coronary intervention (PCI) involves a synthesis
of a patient comorbidities, hemodynamic status, and lesion characteristics.

� Mechanical circulatory support devices are used in high-risk PCI to augment cardiac output and
reduce myocardial oxygen demand during coronary intervention.

� The use of mechanical circulatory support devices allows more complete revascularization and
facilitates procedures that previously may not have been technically feasible.

� Prospective randomized trials to date have not shown a benefit for the routine use of mechanical
circulatory support in patients with low ejection fraction and a high burden of coronary disease.

� Further research is required to identify groups that will receive the maximal benefit of
mechanical circulatory support in high-risk PCI.

INTRODUCTION

Coronary artery disease remains a leading
worldwide cause of morbidity and mortality.1

As medical and interventional therapies avail-
able to patients with atherosclerotic heart dis-
ease have improved, the number of patients
surviving index coronary events has increased
considerably.2 The care of this older, more medi-
cally and anatomically complex group of pa-
tients has resulted in an increasing number of
patients with indications for coronary revascular-
ization who are at high risk of periprocedural he-
modynamic collapse and increased morbidity
and mortality.3

Concurrently, the technology available to
perform complex percutaneous coronary inter-
ventions (PCIs) has dramatically improved with
the advent of coronary guides and guide exten-
sions, specialized coronary wires, atherectomy
devices, lower profile balloons and stents, intra-
vascular imaging, specialized equipment for
chronic total occlusions (CTOs), and percuta-
neous mechanical circulatory support (MCS) de-
vices.4 Patients who previously may not have
been offered coronary revascularization
because of technical factors or risk associated
with cardiac surgery can now be considered
for percutaneous revascularization. A clinical
case that exemplifies this patient population is
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a 66-year-old man with a history of alcohol
abuse who presented to an outside facility
with 1 hour of chest pain. He rapidly developed
hypoxic respiratory failure, and intubation was
complicated by polymorphic ventricular tachy-
cardia and cardiac arrest. Urgent cardiac cathe-
terization was notable for cardiogenic shock
with a cardiac index of 0.9 L/min/m2 and severe
3-vessel coronary artery disease, with CTOs of
the right and left circumflex coronary arteries
and a highly calcific 95% stenosis of the prox-
imal left anterior descending coronary artery
(Fig. 1). The patient was urgently transferred
to a tertiary referral center where, given severe
peripheral arterial disease and cardiogenic
shock, a transcaval Impella 5.0 was placed
(Fig. 2). After stabilization of end-organ func-
tion, the patient underwent successful atherec-
tomy and PCI of the left main to left anterior
descending (LAD) artery (Fig. 3). The patient ul-
timately was successfully weaned from MCS
and discharged to rehabilitation in good condi-
tion. In patients such as this and many others
with high-risk lesions and clinical risk, a key
element that has facilitated PCI is the advent
of percutaneous MCS.

Percutaneous MCS in PCI is generally used in
one of 2 clinical settings: patients with acute
myocardial infarctions (MIs) presenting with

cardiogenic shock, and patients electively under-
going planned high-risk PCI.5 In this article, the
use of MCS in elective high-risk PCI is discussed.

Although the use of MCS in high-risk PCI has
been theorized to allow safer, more complete
coronary interventions, MCS in high-risk PCI
has not conclusively been shown to be associ-
ated with improved clinical outcomes in pro-
spective randomized clinical trials.6,7 This article
discusses the elements of decision making in
the use of hemodynamic support in high-risk
PCI, the current state of the evidence base for
the use of MCS in high-risk PCI, and a practical
approach to clinical decision making.

DEFINING HIGH-RISK PERCUTANEOUS
CORONARY INTERVENTION

At present, there is no standardized definition of
high-risk PCI. Although risk calculators exist for
both coronary artery bypass grafting (CABG)
and PCI,8,9 experts believe that these calculators
do not adequately capture the complexity of this
patient group.10,11

All proposed definitions of high-risk PCI
incorporate 3 general categories of factors
that, in combination, designate a procedure as
high risk and can justify the use of periproce-
dural MCS: patient-specific comorbidities,

Fig. 1. Transcaval insertion of an
intravascular micro-axial pump deliv-
ering up to 5.0 L/min with (A) simul-
taneous IVC and aorta angiography,
(B) transcaval puncture, (C) 24
French sheath advancement, and
(D) device positioning.
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hemodynamic factors, and factors specific to
lesion and procedural technique (Fig. 4).5,12

The relative importance of each of these factors
in this qualitative assessment of procedural risk

is unknown and remains a future direction for
research.

Patient-Specific Factors
Comorbid diabetes mellitus, chronic lung dis-
ease, chronic kidney disease, prior MI, reduced
left ventricular ejection fraction (LVEF), and pe-
ripheral arterial disease have all been associated
with worse outcomes in PCI.13–17 Advanced age
and frailty are also associated with higher
morbidity and mortality in patients undergoing
PCI.18 The aggregate of the patient’s underlying
health status is an important factor in deter-
mining the patient’s ability to tolerate the
stresses of transient ischemia, bleeding, arrhyth-
mias, and hypotension often encountered in
high-risk PCI. Patients with a lower physiologic
reserve are more likely to incur end-organ
dysfunction and ultimately mortality as a result
of the hemodynamic stress of PCI and should
be more strongly considered for the use of MCS.

Hemodynamic Status
The acuity of the clinical presentation before PCI
remains the strongest predictor of procedural
major adverse events.19 PCI in the setting of
acute coronary syndrome confers a higher risk
of adverse events than elective PCI. Symptom-
atic heart failure with increased filling pressures

Fig. 2. Diagnostic angiography
showing (A) a CTO of the right coro-
nary artery as well as a CTO of the
left circumflex and an eccentric,
calcific stenosis of the proximal left
anterior descending coronary artery
(B, C).

Fig. 3. Completion angiogram following intravascular
micro-axial pump supported atherectomy of the prox-
imal left anterior descending coronary artery and bifur-
cation stenting with the first diagonal branch.
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reduces the patient’s ability to tolerate pro-
longed supine positioning and increases the pa-
tient’s likelihood of developing further heart
failure decompensation with contrast adminis-
tration and ischemic insults during PCI. This con-
dition can result in both hemodynamic and
respiratory decompensation.20 Arrhythmias,
including atrial fibrillation and ventricular tachy-
cardia, as well as underlying valvular lesions
affect the patient’s hemodynamic status and
can be exacerbated during PCI.21,22 Of partic-
ular note is severe aortic stenosis; patients with
ischemia (caused in PCI during balloon inflations,
atherectomy, and so forth) develop worsening
hypotension because of ventricular stunning in
the face of a high fixed afterload.

To most accurately evaluate a patient’s current
hemodynamic status, right heart catheterization
is performed at the beginning of a high-risk PCI
to characterize the patient’s current filling pres-
sures and hemodynamics. Operators are encour-
aged to begin all high-risk PCIs with a right heart
catheterization to reevaluate the patient’s filling
pressures and biventricular function because the
patient’s hemodynamic status may have changed
since the last interrogation because of ongoing
medication titration. In addition, when evaluating
the patient’s status at the conclusion of a PCI, it
can be useful to have preprocedural hemody-
namics for comparison.

Factors Specific to Lesion and Procedural
Technique
Lesion complexity and anticipated procedural
techniques confer important prognostic infor-
mation when evaluating the risk and antici-
pated benefits of a coronary intervention.
Lesions defined empirically as high complexity
include unprotected left main stenosis, heavy
calcified or diffuse disease, true bifurcation le-
sions (Medina 1/1/1, 1/0/1, and 0/1/1), saphe-
nous vein graft lesions, and CTOs.23,24 Several
risk scores have been validated to quantify
the anatomic complexity and significance of a
patient’s coronary artery disease, including
the Duke Jeopardy score and the Synergy Be-
tween PCI with Taxus and CABG (SYNTAX)
score.25,26

The Duke Jeopardy score was first described
by Califf and colleagues25 in an effort to predict
survival based on the distribution and degree of
coronary artery disease. The Duke Jeopardy
score estimates the amount of myocardium at
risk by dividing the coronary tree into 6 anatomic
segments (left anterior descending, first diago-
nal branch, first septal, left circumflex, first
obtuse marginal, and posterior descending ar-
tery). Two points are assigned for each segment
that has a stenosis 70% or greater, with the addi-
tion of 2 points for each downstream segment
from a lesion. For example, a significant

Fig. 4. Contributing factors in
defining the high-risk PCI patient
group most likely to benefit from
invasive hemodynamic assessment
and the use of MCS. CKD, chronic
kidney disease; DM, diabetes melli-
tus; LV, left ventricle; PAD, periph-
eral arterial disease.
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proximal LAD lesion would have a Jeopardy
score of 6 (2 for LAD, 2 for first septal, 2 for di-
agonal). Jeopardy scores range from 0 to 12,
with a score of 2 conferring a 97% 5-year survival
and a score of 12 conferring a 55% 5 year
survival.

The SYNTAX score was developed to stratify
the anatomic complexity of coronary lesions in
patients with 3-vessel or left main coronary ar-
tery disease to guide surgical versus percuta-
neous revascularization strategy in a clinical
trial.26 Unlike the Duke Jeopardy score, the SYN-
TAX score includes lesion characteristics such as
calcification, length, ostial location, and bifurca-
tion involvement. In the SYNTAX trial, patients
were divided into tertiles of SYNTAX scores,
with a score of 22 or lower considered low
complexity, 23 to 32 intermediate, and 33 or
greater high complexity. The SYNTAX score
was further refined with the SYNTAX II score,
which combines both anatomic and clinical fac-
tors to aid heart team decision making.

Defining high-risk coronary interventions in-
cludes an evaluation of anatomic complexity,
as exemplified by the Duke Jeopardy score or
SYNTAX score. In addition, planned procedural
techniques are an important factor in lesion eval-
uation.27 Use of atherectomy and prolonged
kissing balloon inflations are more likely to
induce significant ischemia and hypotension.28

Use of the retrograde approach in CTO PCI is
also associated with higher hemodynamic stress
than antegrade CTO PCI because of ischemia to
collaterals perfusing the CTO territory and
ischemia in the territory of the donor vessel.29,30

Any lesion involving the last remaining vessel
carries high risk of hemodynamic decompensa-
tion when ischemia is induced during angio-
plasty and in the event of any complication
involving the last remaining vessel.

HEMODYNAMIC EFFECTS OF
MECHANICAL CIRCULATORY SUPPORT IN
HIGH-RISK PERCUTANEOUS CORONARY
INTERVENTION

The goal of MCS in high-risk PCI is to reduce
myocardial oxygen consumption, improve
myocardial blood flow, and maintain systemic
perfusion during the procedure.31 Reduced
myocardial oxygen consumption and improved
myocardial blood flow increase the threshold at
which the ventricle becomes ischemic.32 This
condition reduces the adverse effects of myocar-
dial ischemia, including arrhythmias, increased
filling pressures caused by diastolic dysfunction,
and ultimately systemic hypotension.

Maintaining systemic perfusion with a stable car-
diac output and mean arterial pressure prevents
the adverse metabolic effects of tissue hypoper-
fusion that lead to end-organ dysfunction,
morbidity, and mortality.

Myocardial oxygen extraction is an efficient
process with 70% to 80% of oxygen extracted
by myocardial tissue in resting conditions.33

Because myocardial oxygen extraction is unable
to be significantly augmented, changes in
myocardial oxygen delivery are primarily driven
by coronary blood flow. Coronary blood flow is
determined by the systemic pressure, left ven-
tricular end-diastolic pressure, and wall tension.
These factors are controlled by the preload,
afterload, heart rate, contractility, and wall stress
of the ventricle. Imbalance between oxygen sup-
ply, as determined by coronary blood flow, and
demand results in myocardial ischemia.34 In gen-
eral, therapies that reduce afterload or preload,
decrease wall stress, or reduce heart rate
decrease the myocardial oxygen demand of
the ventricle and improve myocardial blood
flow, thus reducing the ischemic burden on the
heart. The abilities of MCS devices to reduce
myocardial oxygen demand and augment coro-
nary blood flow are variable based on the design
of each device.34

The current MCS devices used in high-risk PCI
include the intra-aortic balloon pump (IABP), left
ventricle (LV) to aorta assist devices (Impella 2.5,
Impella CP, Impella 5.0), left atrium to aorta assist
devices (TandemHeart), and venoarterial extra-
corporeal membrane oxygenation (VA-ECMO).

The variable effect on hemodynamics,
myocardial oxygen consumption, and cardiac
output augmentation of these MCS devices is
summarized in Table 1.

CURRENT EVIDENCE
Intra-aortic Balloon Pump
As the first widely used percutaneous MCS de-
vice, the IABP has enjoyed high rates of use
because of widespread availability and ease of
use. The IABP has been studied extensively in
acuteMIwith cardiogenic shock (AMICS).Despite
its continued use in patients presenting with
AMICS, the pivotal IABP-SHOCK II (Intra-aortic
Balloon Support for Myocardial Infarction with
Cardiogenic Shock) trial found the IABP to not
be superior to medical management for the man-
agement of cardiogenic shock in patients pre-
senting with acute coronary syndrome.35

Within the realm of elective high-risk PCI,
several observational trials suggested reduced
rates of major adverse cardiac events with
upfront IABP insertion compared with ad hoc
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IABP insertion. This hypothesis was tested in
the Elective Intra-aortic Balloon Conterpulsa-
tion During High-risk Percutaneous Coronary
Intervention (BCIS-1) trial.6 The BCIS-1 trial
was the first clinical trial to prospectively study
MCS in elective high-risk PCI in a randomized
fashion. Ultimately, 300 patients were random-
ized to IABP insertion before high-risk PCI with
balloon pump in place for 4 to 24 hours versus
standard PCI. The composite end point of MI,
death, stroke, or further revascularization at
hospital discharge was not significantly
different between the groups. Routine IABP
use was associated with fewer procedural com-
plications, including periprocedural hypoten-
sion and pulmonary edema. However, The
routine IABP group had more minor bleeding
and access site complications than standard
PCI.

Although not powered to examine all-cause
mortality, the BCIS-1 cohort was followed for
long-term all-cause mortality.36 The investiga-
tors reported a statistically significant reduc-
tion in all-cause mortality in the routine IABP
group at a median of 51 months after the in-
dex procedure. The overall mortality for the
cohort was high (33%), reflecting the high-risk
patient population enrolled in the BCIS-1 trial.
The hazard ratio for all-cause mortality in pa-
tients with routine IABP placement before PCI
was 0.66, conferring a 34% reduction in all-
cause mortality compared with the unsup-
ported PCI group.

Overall, elective IABP insertion in high-risk
PCI has a limited role in modern practice.
Upfront IABP may be a reasonable option in pa-
tients at particularly high risk of hemodynamic
decompensation with poor vascular access pro-
hibiting larger device insertion.

Impella
The Impella was first introduced in Europe in
2004. In 2008, the Impella 2.5 became available

in the United States, receiving US Food and
Drug Administration (FDA) approval for partial
hemodynamic support in cardiac procedures
not requiring cardiopulmonary bypass.37 Since
its approval, the Impella has been used in a vari-
ety of clinical settings, including cardiogenic
shock, acute MI, postcardiotomy syndrome,
and high-risk PCI.38–40 In the subsequent
decade, the device has been iterated, with the
Impella CP and the Impella 5.0 offering superior
cardiac output augmentation and ventricular
unloading. The Impella 2.5, CP, and 5.0 have
now received FDA approval for procedural use
in high-risk PCI as well as in the setting of acute
MI and cardiogenic shock.41

The Impella system was hypothesized to be
superior to IABP in high-risk PCI because of its
greater ability to directly unload the ventricle
and provide continuous cardiac output, with
the Impella 5.0 providing up to 5 L/min
compared with the modest contribution of
0.5 L/min with the IABP. The feasibility of
Impella-supported high-risk PCI was first pro-
spectively evaluated in the the PROTECT I trial
(A prospective feasibility trial investigating the
use of the Impella 2.5 system in patients under-
going high-risk percutaneous coronary interven-
tion).42 Twenty patients undergoing high-risk
PCI, defined as unprotected left main or last
remaining conduit PCI with an LVEF less than
or equal to 35%, underwent Impella 2.5 insertion
before PCI. The primary safety end point of ma-
jor adverse cardiac events, defined as death, MI,
target vessel revascularization, urgent CABG, or
stroke at 30 days, occurred in 20% of patients.
Two patients had increased periprocedural car-
diac enzyme levels meeting the definition of
MI, and 2 patients expired during the 30 days
following the procedure (1 of renal failure lead-
ing to cardiac arrest, 1 of sudden cardiac death).
Safety end points were reassuring, with the most
common complication being access site hema-
tomas in 8 out of 20 patients (although, notably,

Table 1
Hemodynamic effects of commonly used mechanical circulatory support platforms

Afterload LVEDP MAP CO

Left
Ventricular
Unloading

Myocardial
Oxygen
Demand

Maximal
Flow
(L/min)

IABP Y Y [ [ [ Y 0.5

Impella CP Variable Y [ [ [ Y 4.0

Tandem Heart 5 Y [ [ [ Y 5.0

VA-ECMO [ [ to 5 [ [ Y 5 7.0

Abbreviations: CO, cardiac output; LVEDP, left ventricular end-diastolic pressure; MAP, mean arterial pressure.
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hemostasis in this trial was achieved with manual
compression on the 13-Fr arterial access sites).
From an efficacy perspective, all patients were
free from hemodynamic compromise during
their procedures, and angiographic success
was achieved in all patients.

The USpella registry was a multicenter regis-
try designed to evaluate the safety and clinical
outcomes of Impella 2.5 in real-world use.43 In
the USpella registry, high-risk PCI was defined
at the discretion of the operator and included
patients with reduced LV function, complex cor-
onary anatomy, or a high burden of comorbid-
ities. Among the patients who had prophylactic
Impella insertion before high-risk PCI to prevent
hemodynamic compromise, the rate of overall
major adverse cardiac events was 8% with a
96% 30-day survival. The low overall rate of
adverse events was notable in light of the
anatomic complexity and high-risk nature of
the cohort, with an average SYNTAX score of
37%, 56% of patients being surgical turndowns,
66% of patients with New York Heart Associa-
tion (NYHA) class III or IV symptoms, and 69%
of patients with an ejection fraction less than
35%. Secondary safety outcomes were most
notable for access site complications (3.4%
with access site bleeding requiring transfusion,
3.4% with vascular complications such as dissec-
tion or arteriovenous fistula, and 8.6% with he-
matomas) despite use of endovascular suture-
based closure devices. The findings of the
USpella registry were encouraging, with clinical
outcomes showing 90% success rates in multi-
vessel revascularization, improvement in LVEF,
and improvement in NYHA class at discharge.
Overall, these results supported the safety and
feasibility of the use of Impella 2.5 in high-risk
single-vessel and multivessel PCI.

In light of the safety and feasibility of
Impella-supported high-risk PCI in PROTECT I
and findings suggesting benefit in the USpella
registry, the use of the Impella 2.5 versus
IABP was studied in patients undergoing high-
risk PCI in the prospective, randomized
controlled PROTECT II study (A prospective,
randomized clinical trial of hemodynamic sup-
port with Impella 2.5 versus Intra-Aortic Balloon
Pump in patients undergoing high-risk percuta-
neous coronary intervention).7 In PROTECT II,
patients were eligible for enrollment if they
were undergoing elective PCI for unprotected
left main, last remaining conduit, or 3-vessel
coronary disease with an LVEF less than or
equal to 35%. Following iliofemoral angiog-
raphy to verify anatomic appropriateness for
randomization, patients were randomized to

IABP or Impella 2.5 insertion before PCI. The
study was concluded early because of futility
with a total of 452 patients enrolled in the trial.
The patients included in PROTECT II were a
high-risk cohort, with 66% of patients with
NYHA class III or IV symptoms, an average
LVEF of 24%, an average SYNTAX score of 30,
and a mean Society of Thoracic Surgeons
(STS) mortality of 6%. Notably, there were sig-
nificant differences in the procedural character-
istics between the groups randomized to
Impella versus IABP. In procedures among pa-
tients randomized to Impella, more contrast
was used, more stents were placed, and athe-
rectomy was used more frequently, with a
greater duration of use and number of runs. In
total, this suggests more extensive and com-
plete coronary revascularization undertaken in
the Impella group than in the IABP group.

PROTECT II did not find significant difference
in the rate of major adverse events, defined as a
composite of all-cause death, MI, stroke, TIA,
revascularization procedure, cardiac or vascular
operation, acute renal insufficiency, severe intra-
procedural hypotension requiring therapy, car-
diopulmonary resuscitation, ventricular
tachycardia requiring cardioversion, new aortic
insufficiency, or angiographic failure of PCI. In
the intention-to-treat analysis, there was a
35.1% major adverse event rate in the Impella
2.5 group versus 40.1% in the IABP group
(P 5 .277). At 90 days, a trend toward lower ma-
jor adverse events in the Impella group was
noted, although this did not reach statistical sig-
nificance (P 5 .066). In the per-protocol popula-
tion, although the 30-day outcomes did not
show a significant difference in major adverse
events, the 90-day major adverse event rate
was significantly lower in the Impella arm (40%
vs 51%; P 5 .023). Patients in the Impella group
were significantly less likely to undergo repeat
revascularization at 90 days compared with the
IABP group. Patients in the study showed signif-
icant improvements in LVEF and NYHA class,
although this did not differ between the Impella
and IABP groups.

Overall, the PROTECT II trial was a nega-
tive trial. The investigators were not able to
show a difference in the primary outcome of
major adverse events at 30 days between
the patients randomized to Impella versus
IABP. However, these findings must be inter-
preted in the context of variation in proce-
dural techniques used by operators, with
more extensive rotational atherectomy and
stenting used in the Impella group, likely
because of the patients’ hemodynamic
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stability and perceived ability to tolerate more
aggressive techniques. This hypothesis fits
with the Impella group having higher rates
of periprocedural MI at 30 days and lower
rates of repeat revascularization at 90 days.
In addition, it is unclear whether the high-
risk patients in PROTECT II would have been
considered candidates for revascularization in
the absence of MCS.

TandemHeart
The TandemHeart is a left ventricular assist de-
vice that is inserted percutaneously and diverts
blood from the left atrium to the femoral artery
at up to 5 L/min. Although the need for left atrial
access via trans-septal puncture has limited
widespread use of this device, several specific
clinical settings make the use of TandemHeart
attractive, including patients with significant
aortic valve disorder or the presence of a left
ventricular thrombus. To date, no randomized
data has been collected regarding the use of
TandemHeart in high-risk PCI.

A prospectively collected single-center regis-
try is the largest published experience
describing the use of TandemHeart in high-risk
PCI.44 In this registry from the Mayo clinic, 64 pa-
tients underwent high-risk PCI (LVEF<30% and a
Duke Jeopardy score of 8 or greater) with Tan-
demHeart over a 5-year period. All of the pa-
tients were deemed inoperable because of
comorbidities, severity of cardiovascular dis-
ease, or both. They were also thought to have
a burden of disease and underlying cardiac
dysfunction to such a degree than an Impella
was considered inadequate periprocedural he-
modynamic support. This opinion is reflected in
the baseline characteristics of the patient cohort,
with an average LVEF of 20%, median SYNTAX
score of 33, and median Jeopardy score of 10.
Many of these patients had a recent MI (52%)
complicated by periprocedural cardiogenic
shock (29%), with 45% of patients already having
an IABP in place before intervention.

Despite the high coronary complexity and
high risk of this group, there was a 97% proce-
dural success rate, with left main intervention in
62% of patients and rotational atherectomy in
48% of patients. The 30-day survival in this
high-risk group was 90%. The most common
adverse event was vascular complications
(13% of patients), which largely occurred in
the early experience. The rates of access site
complications decreased markedly with the
routine assessment of iliofemoral access as a
component of case selection and procedure
planning.

A meta-analysis by Briasoulis and col-
leagues45 included 8 cohort studies with a total
of 205 patients that received TandemHeart for
high-risk PCI. Short-term mortality was 8%,
with major bleeding rates of 3.6%. These out-
comes are in line with prior studies given the
high-risk nature of the group being studied.

Overall, the limited data available supports
the use of TandemHeart for MCS in select
high-risk PCI. The high rates of 30-day mortality
and vascular complications may at least in part
be explained by the selection bias among these
observational studies; patients with Tandem-
Heart placement were considered to need
more hemodynamic support than could be pro-
vided by an Impella and were likely sicker at
baseline. Despite this, observational data have
shown acceptable safety and feasibility in Tan-
demHeart placement for high-risk PCI in this
inoperable cohort of patients.

Venoarterial Extracorporeal Membrane
Oxygenation
Data for elective high-risk PCI on ECMO are
limited to small single-center experiences. Brila-
kis and colleagues46 describe their experience
with 5 patients over the course of 5 years who un-
derwent high-risk PCI with ECMO support. The
patients underwent PCI for LV systolic dysfunc-
tion (4patients) or non-STelevationMI (1patient).
All interventions were technically successful. The
most common adverse event was vascular access
complications, with 1 pseudoaneurysm requiring
surgical repair and 2 femoral hematomas. All of
their patients lived through 1-year follow-up
with a mean increase in LVEF of 24%.

Similar findings were reported by Barbarash
and colleagues,47 whose experience with elec-
tive high-risk PCI with ECMO support included
12 inoperable patients in 1 year. In this group,
all PCI procedures were technically successful
and no in-hospital major adverse events were
observed. There were minimal vascular compli-
cations in this case series, with only 1 femoral he-
matoma reported. Six-month follow-up was
notable for 100% survival, with 2 patients
requiring repeat revascularization.

These single-center reports suggest that
ECMO-supported PCI is feasible and can be per-
formed safely in a highly selected group of pa-
tients in experienced centers.

CLINICAL DECISION MAKING

Clinical decision making for patients undergoing
high-risk PCI requires a nuanced understanding
of the complex interplay between patient,
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lesion, and hemodynamic characteristics as well
as the unique assets and liabilities of the avail-
able MCS modalities. Although general conclu-
sions can be drawn from the available
randomized and observational data, these must
be weighed carefully against patient-specific
and procedure-specific considerations. Although
several decision-making algorithms have been
proposed (Fig. 5), none have been prospectively
validated.

Heart Team Approach
The heart team, a multidisciplinary group
convened to discuss complex patient care

decisions, was initially established in clinical tri-
als as a way to select appropriate patients for
interventional versus surgical revascularization.
The heart team is composed at a minimum of
the patient’s primary cardiologist, consulting
interventional cardiologist, and consulting car-
diac surgeon. Similar to the manner in which
the heart team has become the standard of
care in aortic valve disease, a heart team for
coronary artery disease has been proposed as
the standard of care for patients being evalu-
ated for high-risk revascularization.12 These
teams use a comprehensive patient assessment
to weigh the relative risks and benefits of

Fig. 5. Algorithm for decision making in the use of MCS for patients undergoing elective high-risk PCI. Patients
entering the algorithm are those undergoing complex PCI, defined as procedures with high potential for ischemia,
including Duke Jeopardy score greater than 8, last remaining conduit, multivessel obstructive disease, left main
bifurcation with planned atherectomy, retrograde CTO, and those in which an unanticipated complication such
as no reflow or dissection would likely result in hemodynamic collapse. Comorbidities include significant valvular
lesions, prior diagnosis of heart failure, chronic kidney disease, advanced age, and frailty.
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medical, interventional, or surgical treatment in
a balanced manner and provide unified, clear
recommendations to team members, patients,
and families. In addition to gaining multiple
perspectives on patient management, this
collaborative approach has been shown to be
feasible and promote the application of
evidence-based guidelines to patient care.48

Device Selection
When selecting an MCS modality for high-risk
PCI, it is important to consider the amount of
support needed, adequacy of vascular access,
and device-specific contraindications.

As detailed previously in this article, the
available MCS devices provide different levels
of hemodynamic support, from 0.5 L/min with
IABP to 5 to 6 L/min with VA-ECMO. The car-
diac output deficit is one method to determine
the amount of hemodynamic support needed.
In this paradigm, the target cardiac index is
2.2 L/min. The cardiac output deficit is the dif-
ference between the target cardiac output
and the cardiac output nadir during the proced-
ure. Although the cardiac output nadir is only
possible to estimate in advance, it can be
approximated based on the patient’s preproce-
dure hemodynamics as well as an estimate of
the amount of myocardium susceptible to stun-
ning during intervention.

Limitations in vascular access are also an
important consideration when choosing MCS
devices. When femoral arterial access is prohibi-
tive because of peripheral arterial disease,
excessive tortuosity, or small patient habitus,
alternative access (subclavian cutdown or percu-
taneous axillary access) has been shown to be
feasible and safe for both IABP and Impella
CP.49–51 Severe peripheral arterial disease can
be prohibitive when considering larger sheaths
for blood return for TandemHeart or VA-
ECMO. A novel approach in patients requiring
large-bore access for ECMO, TandemHeart, or
Impella 5.0 with inadequate transfemoral access
is transcaval access, which allows venous transfe-
moral access with the sheath traversing the infe-
rior vena cava to the abdominal aorta by means
of percutaneous access.52,53 Although this novel
approach has allowed a class of patients who
previously would have been ineligible for MCS
to undergo these procedures, its use is limited
by the small number of operators with adequate
skills for percutaneous transcaval access, man-
agement, and removal.

In addition, device-specific contraindications
must be considered when choosing an appro-
priate MCS platform. With the exception of the

IABP, all MCS platforms require patients to be
able to tolerate systemic anticoagulation.5 Pa-
tients with IABP must have a stable rhythm and
a competent aortic valve. The Impella is contra-
indicated in patients with a mechanical aortic
valve and in the presence of left ventricular
thrombus. It can be difficult to deliver in chal-
lenging aortic anatomy, and severe aortic valve
disorder is a relative contraindication. Impella
and TandemHeart require an adequately func-
tioning right ventricle and stable rhythm. The
TandemHeart requires interatrial septum anat-
omy appropriate for a transseptal puncture. In
addition, VA-ECMO can result in ventricular
distention if the underlying pulsatility of the
ventricle is unable to adequately compete with
the flow from the ECMO circuit.5

With all MCS devices, appropriate patient se-
lection is a prerequisite, and a plan for inability
to separate from the device should be discussed
before MCS insertion with the input of advanced
heart failure and palliative care team members.
It is critical to monitor for complications
including limb ischemia, stroke, and bleeding
as long as the MCS device is in place.

FUTURE DIRECTIONS

As procedural techniques continue to evolve,
the importance of appropriate patient selection
will remain a focus in high-risk PCI. At present,
there are limited data guiding the use and selec-
tion of MCS devices. Identifying patients in a sys-
tematic fashion that incorporates patient, lesion,
and hemodynamic factors is critical to advancing
clinical research. Clinically, more sophisticated
methods for patient selection will allow identifi-
cation of the patients who are the most likely
to benefit from intervention as well as those in
whom high-risk PCI is futile.

SUMMARY

Overall, the growing technical complexity of
modern PCI combined with the increasingly co-
morbid elderly population has resulted in an
expanding group of patients who are consid-
ered inoperable or high risk for CABG. These pa-
tients, identified based on their comorbidities,
lesion characteristics, and hemodynamic state,
represent a cohort who now are offered high-
risk PCI with the use of MCS. To date, clinical
research has not conclusively shown benefit to
the routine use of MCS in prospective random-
ized controlled trials. Ongoing research focusing
on identifying the appropriate patient/lesion to
derive the greatest benefit with MCS-facilitated
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high-risk PCI is critical to the growth of this field.
In addition, lower-profile, more powerful devices
that maximize hemodynamic benefits while mini-
mizing vascular complications will be critical to
making MCS more efficacious in this group of
patients and interventions.
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� Identifying patients who are high risk for
hemodynamic collapse during elective high-
risk PCI requires understanding of patient-
specific risk factors, hemodynamics, and
lesion/procedural technique factors. Patients
with multiple comorbidities and
decompensated hemodynamics who require
advanced interventional techniques,
including kissing balloons, atherectomy, or
use of last remaining conduit, should be
strongly considered for MCS.

� The most widely used device in the United
States for high-risk PCI is the IABP. The
IABP has a low risk of vascular complications,
but provides minimal augmentation in
forward systemic flow.

� The LV to aortic assist device (Impella) has
grown in use given the ease of use,
effectiveness of ventricular unloading, and
stable increases in cardiac output with this
device. Vascular complications remain an
important complication limiting the clinical
benefit of these devices.

� The use of TandemHeart and VA-ECMO to
support high-risk PCI has been shown to be
safe and feasible in limited observational
data.

� Future directions for research in high-risk PCI
will likely focus on identifying the group of
patients most likely to benefit from MCS-
supported PCI.

MCS in High Risk PCI 217

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by 
Elsevier on May 07, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S2211-7458(20)30090-0/sref1
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref1
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref1
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref2
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref2
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref2
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref3
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref3
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref3
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref3
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref4
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref4
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref4
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref4
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref4
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref5
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref6
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref6
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref6
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref6
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref7
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref7
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref7
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref7
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref7
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref7
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref8
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref8
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref8
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref8
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref8
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref9
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref9
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref10
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref10
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref10
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref10
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref10
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref11
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref11
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref11
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref11
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref12
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref12
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref12
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref12
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref13
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref13
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref13
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref13
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref13
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref14
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref14


outcomes patients with acute myocardial infarction.

Am Heart J 2013;165(1):43–9.

15. Sarnak MJ, Amann K, Bangalore S, et al. Chronic

kidney disease and coronary artery disease: JACC

state-of-the-art review. J Am Coll Cardiol 2019;

74(14):1823–38.

16. Wallace TW, Berger JS, Wang A, et al. Impact of left

ventricular dysfunction on hospital mortality among

patients undergoing elective percutaneous coro-

nary intervention. Am J Cardiol 2009;103(3):355–60.

17. Parikh SV, Saya S, Divanji P, et al. Risk of death and

myocardial infarction in patients with peripheral

arterial disease undergoing percutaneous coronary

intervention (from the National Heart, Lung and

Blood Institute Dynamic Registry). Am J Cardiol

2011;107(7):959–64.

18. Klein LW, Block P, Brindis RG, et al. Percutaneous

coronary interventions in octogenarians in the

American College of Cardiology-National Cardio-

vascular Data Registry: development of a nomo-

gram predictive of in-hospital mortality. J Am Coll

Cardiol 2002;40(3):394–402.

19. Brennan JM, Curtis JP, Dai D, et al. Enhanced mor-

tality risk prediction with a focus on high-risk percu-

taneous coronary intervention: results from

1,208,137 procedures in the NCDR (National Car-

diovascular Data Registry). JACC Cardiovasc Interv

2013;6(8):790–9.

20. Steg PG, Kerner A, Van de Werf F, et al. Impact of in-

hospital revascularization on survival in patients with

non-ST-elevation acute coronary syndrome and

congestive heart failure.Circulation2008;118:1163–71.

21. Sutton NR, Seth M, Ruwende C, et al. Outcomes of

patients with atrial fibrillation undergoing percuta-

neous coronary intervention. J Am Coll Cardiol

2016;68(9):895–904.

22. Mehta RH, Starr AZ, Lopes RD, et al. Incidence of

and outcomes associated with ventricular tachy-

cardia or fibrillation in patients undergoing primary

percutaneous coronary intervention. JAMA 2009;

301(17):1779–89.

23. llis SG, Guetta V, Miller D, et al. Relation between

lesioncharacteristics and riskwithpercutaneous inter-

vention in the stent and glycoprotein IIb/IIIa era: an

analysis of results from 10,907 lesions and proposal

for new classification scheme. Circulation 1999;

100(19):1971–6.

24. Krone RJ, Shaw RE, Klein LW, et al. Evaluation of

the American College of Cardiology/American

Heart Association and the Society for Coronary

Angiography and Interventions lesion classification

system in the current "stent era" of coronary inter-

ventions (from the ACC-National Cardiovascular

Data Registry). Am J Cardiol 2003;92(4):389–94.

25. Califf RM, Phillips HR 3rd, Hindman MC, et al. Prog-

nostic value of a coronary artery jeopardy score.

J Am Coll Cardiol 1985;5(5):1055–63.

26. Serruys PW, Morice MC, Kappetein AP, et al. Percu-

taneous coronary intervention versus coronary-

artery bypass grafting for severe coronary artery

disease. N Engl J Med 2009;360(10):961–72 [pub-

lished correction appears in N Engl J Med 2013;

368(6):584].

27. Patel MR, Calhoon JH, Dehmer GJ, et al. ACC/

AATS/AHA/ASE/ASNC/SCAI/SCCT/STS 2016

appropriate use criteria for coronary revasculariza-

tion in patients with acute coronary syndromes: a

report of the American College of Cardiology

Appropriate Use Criteria Task Force, American As-

sociation for Thoracic Surgery, American Heart As-

sociation, American Society of Echocardiography,

American Society of Nuclear Cardiology, Society

for Cardiovascular Angiography and Interventions,

Society of Cardiovascular Computed Tomography,

and the Society of Thoracic Surgeons. J Nucl Car-

diol 2017;24(2):439–63.

28. Meraj PM, Shlofmitz E, Kaplan B, et al. Clinical out-

comes of atherectomy prior to percutaneous coro-

nary intervention: a comparison of outcomes

following rotational versus orbital atherectomy

(COAP-PCI study). J Interv Cardiol 2018;31(4):

478–85.

29. Chen SL, Santoso T, Zhang JJ, et al. Clinical

outcome of double kissing crush versus provisional

stenting of coronary artery bifurcation lesions: the

5-year follow-up results from a randomized and

multicenter DKCRUSH-II Study (Randomized Study

on Double Kissing Crush Technique Versus Provi-

sional Stenting Technique for Coronary Artery

Bifurcation Lesions). Circ Cardiovasc Interv 2017;

10(2):e004497.

30. Sapontis J, Salisbury AC, Yeh RW, et al. Early pro-

cedural and health status outcomes after chronic

total occlusion angioplasty: a report from the

OPEN-CTO Registry (Outcomes, Patient Health

Status, and Efficiency in Chronic Total Occlusion

Hybrid Procedures). JACC Cardiovasc Interv 2017;

10(15):1523–34.

31. Naidu SS. Novel percutaneous cardiac assist de-

vices: the science of and indications for hemody-

namic support. Circulation 2011;123(5):533–43.

32. Chatterjee K. Coronary hemodynamics in heart fail-

ure and effects of therapeutic interventions. J Card

Fail 2009;15(2):116–23.

33. Goodwill AG, Dick GM, Kiel AM, et al. Regulation

of coronary blood flow. Compr Physiol 2017;7(2):

321–82.

34. Burkhoff D, Naidu SS. The science behind percuta-

neous hemodynamic support: a review and compar-

ison of support strategies. Catheter Cardiovasc

Interv 2012;80(5):816–29.

35. Thiele H, Zeymer U, Neumann FJ, et al. Intraaortic

balloon pump support for myocardial infarction with

cardiogenic shock. N Engl J Med 2012;367:1287–96.

Kunkel et al218

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by 
Elsevier on May 07, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S2211-7458(20)30090-0/sref14
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref14
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref15
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref15
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref15
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref15
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref16
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref16
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref16
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref16
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref17
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref17
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref17
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref17
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref17
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref17
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref18
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref18
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref18
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref18
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref18
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref18
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref19
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref19
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref19
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref19
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref19
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref19
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref20
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref20
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref20
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref20
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref21
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref21
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref21
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref21
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref22
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref22
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref22
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref22
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref22
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref23
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref23
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref23
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref23
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref23
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref23
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref24
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref24
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref24
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref24
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref24
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref24
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref24
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref25
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref25
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref25
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref26
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref26
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref26
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref26
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref26
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref26
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref27
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref28
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref28
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref28
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref28
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref28
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref28
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref29
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref29
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref29
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref29
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref29
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref29
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref29
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref29
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref29
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref30
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref30
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref30
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref30
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref30
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref30
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref30
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref31
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref31
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref31
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref32
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref32
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref32
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref33
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref33
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref33
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref34
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref34
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref34
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref34
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref35
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref35
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref35


36. Perera D, Stables R, Clayton T, et al. Long-term

mortality from the balloon pump-assisted coronary

intervention study (BCIS-1). Circulation 2013;127:

207–12.

37. Basir MB, Kapur NK, Patel K, et al. Improved out-

comes associated with the use of shock protocols:

updates from the national cardiogenic shock initia-

tive. Catheter Cardiovasc Interv 2019;93:1173–83.

38. Henriques JP, Remmelink M, Baan J, et al. Safety

and feasibility of elective high-risk percutaneous

coronary intervention procedures with left ventricu-

lar support of the Impella Recover LP 2.5. Am J Car-

diol 2006;97:990–2.

39. Siegenthaler MP, Brehm K, Strecker T, et al. The

Impella Recover microaxial left ventricular assist de-

vice reduces mortality for postcardiotomy failure: a

three-center experience. J Thorac Cardiovasc Surg

2004;127(3):812–22.

40. O’Neill WW, Schreiber T, Wohns DH, et al. The cur-

rent use of Impella 2.5 in acute myocardial infarction

complicated by cardiogenic shock: results from the

USpella Registry. J Interv Cardiol 2014;27(1):1–11.

41. Aggarwal B, Aman W, Jeroudi O, et al. Mechanical

circulatory support in high-risk percutaneous coro-

nary intervention. Methodist Debakey Cardiovasc J

2018;14(1):23–31.

42. Dixon SR, Henriques JPS, Mauri L, et al.

A prospective feasibility trial investigating the use

of the Impella 2.5 system in patients undergoing

high-risk percutaneous coronary intervention.

JACC Cardiovasc Interv 2009;2:91–6.

43. Maini B, Naidu SS, Mulukutla S, et al. Real-world

use of the Impella 2.5 circulatory support system

in complex high-risk percutaneous coronary inter-

vention: the USpella Registry. Catheter Cardiovasc

Interv 2012;80:717–25.

44. Alli OO, Singh IM, Holmes DR, et al. Percutaneous

left ventricular assist device with TandemHeart for

high-risk percutaneous coronary intervention: The

Mayo Clinic Experience. Catheter Cardiovasc Interv

2012;80:728–34.

45. Briasoulis A, Telila T, Palla M, et al. Meta-analysis of

usefulness of percutaneous left ventricular assist

devices for high-risk percutaneous coronary inter-

ventions. Am J Cardiol 2016;118:369–75.

46. Shaukat A, Hryniewicz-Czeneszew K, Sun B, et al.

Outcomes of extracorporeal membrane oxygena-

tion support for complex high-risk elective percuta-

neous coronary interventions: a single-center

experience and review of the literature. J Invasive

Cardiol 2018;30(12):456–60.

47. Tomasello SD, Boukhris M, Ganyukov V, et al.

Outcome of extracorporeal membrane oxygena-

tion support for complex high-risk elective percuta-

neous coronary interventions: a single center

experience. Heart Lung 2015;44:309–13.

48. Young MN, Kolte D, Cadigan ME, et al. Multidisci-

plinary heart team approach for complex coronary

artery disease: Single center clinical presentation.

J Am Heart Assoc 2020;9(8):e014738.

49. Estep JD, Cordero-Reyes AM, Bhimaraj A, et al.

Percutaneous placement of an intra-aortic balloon

pump in the left axillary/subclavian position pro-

vides safe, ambulatory long-term support as bridge

to heart transplantation. JACC Heart Fail 2013;1(5):

382–8.

50. Mathur M, Hira RS, Smith BM, et al. Fully percuta-

neous technique for transaxillary implantation of

the impella CP. JACC Cardiovasc Interv 2016;

9(11):1196–8.

51. Dawson K, Jones TL, Kearney KE, et al. Emerging role

of large-bore percutaneous axillary vascular access: a

step-by-step guide. Interv Cardiol 2020;15:e07.

52. Gaudard P, Mourad M, Eliet J, et al. Management

and outcome of patients supported with Impella

5.0 for refractory cardiogenic shock. Crit Care

2015;19:363.

53. Frisoli TM, Guerrero M, O’Neill WW. Mechanical

circulatory support with Impella to facilitate percu-

taneous coronary intervention for post-TAVI bilat-

eral coronary obstruction. Catheter Cardiovasc

Interv 2016;88(1):e34–7.

MCS in High Risk PCI 219

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by 
Elsevier on May 07, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S2211-7458(20)30090-0/sref36
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref36
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref36
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref36
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref37
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref37
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref37
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref37
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref38
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref38
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref38
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref38
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref38
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref39
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref39
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref39
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref39
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref39
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref40
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref40
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref40
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref40
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref41
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref41
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref41
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref41
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref42
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref42
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref42
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref42
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref42
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref43
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref43
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref43
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref43
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref43
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref44
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref44
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref44
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref44
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref44
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref45
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref45
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref45
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref45
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref46
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref46
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref46
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref46
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref46
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref46
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref47
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref47
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref47
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref47
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref47
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref48
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref48
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref48
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref48
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref49
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref49
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref49
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref49
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref49
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref49
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref50
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref50
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref50
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref50
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref51
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref51
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref51
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref52
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref52
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref52
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref52
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref53
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref53
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref53
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref53
http://refhub.elsevier.com/S2211-7458(20)30090-0/sref53

	Mechanical Circulatory Support in High-Risk Percutaneous Coronary Intervention
	Recommended Citation

	Mechanical Circulatory Support in High-Risk Percutaneous Coronary Intervention
	Key points
	Introduction
	Defining high-risk percutaneous coronary intervention
	Patient-Specific Factors
	Hemodynamic Status
	Factors Specific to Lesion and Procedural Technique

	Hemodynamic effects of mechanical circulatory support in high-risk percutaneous coronary intervention
	Current evidence
	Intra-aortic Balloon Pump
	Impella
	TandemHeart
	Venoarterial Extracorporeal Membrane Oxygenation

	Clinical decision making
	Heart Team Approach
	Device Selection

	Future directions
	Summary
	clinics care points
	Disclosures
	References


