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Mechanical Circulatory
Support Use in Cardiogenic
Shock and Complex PClI

An overview of mechanical circulatory support devices and simplified algorithms for their

optimal use in cardiogenic shock and complex, high-risk interventions.
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ver the past few decades, temporary
mechanical circulatory support (MCS)
devices have been a cornerstone in the man-
agement of cardiogenic shock (CS) and an
important contributor to further development of the
complex, high-risk intervention (CHIP) field. Temporary
MCS can be used to stop acute worsening shock and
provide a bridge to recovery, durable ventricular assist
device implantation, or heart transplant. Temporary
MCS devices are also used to support complex, high-risk
patients during percutaneous coronary intervention
(PCI) and, more recently, valvular interventions.’
Temporary MCS can be divided into left ventricular
(LV) (eg intra-aortic balloon pump [IABP], Impella
CP or 5.5 [Abiomed, Inc.], TandemHeart [LivaNova]),
right ventricular (RV) (eg, Impella RP [Abiomed, Inc.],
ProtekDuo [LivaNova]), or biventricular support devices
(eg, venoarterial extracorporeal membrane oxygenation
[VA-ECMO]). Table 1 summarizes the characteristics of
these MCS devices. This article provides an overview of
MCS devices and simplified algorithms for their optimal
use in CS and CHIP.

LV SUPPORT DEVICES
IABP

IABP is widely available and can be inserted percuta-
neously through the femoral or axillary arteries. IABP
size is chosen based on the patient’s height. The pump
works by counterpulsation with inflation during diastole
and deflation during systole. This leads to enhanced
coronary perfusion during diastole, reduced afterload,

and myocardial oxygen consumption, which results in
enhanced cardiac output estimated from 0.5 to 1 L/min.>3
Contraindications for IABP include aortic dissection, aortic
valve regurgitation, and severe peripheral artery disease
(PAD) if using femoral access. The use of IABP as an MCS
in CS has declined after data from the IABP-SHOCK I

trial demonstrated no reduction in 30-day mortality in
patients with acute myocardial infarction (MI) compli-
cated by CS.4 Six-year follow-up after the initial trial again
failed to show mortality benefits.”

Impella CP or 5.5

The Impella systems work via an axial flow continu-
ous pump. The use of Impella 2.5 and 5.0 has declined
in real-world practice with the introduction of the
Impella CP and the surgical Impella 5.5. The Impella 5.5
with SmartAssist is inserted surgically via a graft to the
axillary artery, providing up to 6 L/min of flow. The
Impella CP is widely used and placed mostly through
the femoral artery but can also be placed through the
axillary artery or, when indicated, through the trans-
caval approach. The system is advanced retrogradely
through the aortic valve. It is contraindicated with
mechanical aortic valves or LV thrombus. The Impella
system allows for LV unloading, reducing end-diastolic
pressures and, thus, myocardial oxygen consumption.®
These devices were evaluated in the PROTECT Il trial in
the context of high-risk PCI compared to IABP. Impella
provides more cardiac support, but data did not show a
difference in mortality at 30 days. However, there was a
trend to superior outcomes at 90 days.”
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TABLE 1. OVERVIEW OF MECHANICAL CIRCULATORY SUPPORT DEVICES

COMPLEX PCl

IABP Balloon inflation- 0.5-1 - Femoral artery | -7-8 F - Simple cannulation | - Requires stable
deflation - Axillary artery | arterial - < 8 Farterial access | cardiac rhythm and
. native heart function
- Low bleeding and o
vascular complica- | * Limited hemody-
tion rates namic support
. Effective in mitral - Contraindicated in
regurgitation aortic regurgitation
and aortic dissection
ImpellaCP | Continuous axial 25-55 - Femoral artery | -13-21F - Simple cannulation | - Contraindicated with
and 55 flow (LV to aorta) - Axillary artery | arterial - Direct LV unloading | Mechanical aortic
- Physiologic ante- valve or LV thrombus
grade flow
TandemHeart | Continuous 4 -Femoral vein | -12-19 F - Direct LA unloading | - Transseptal access
centrifugal flow Axillary vein | arterial - Indirect LV unloading | that requires some
(LA to aorta) - 21 F venous expertise
- Nonphysiologic ret-
rograde flow
Impella RP Continuous axial 25-55 -Femoral vein | -11F venous | - Physiologic flow - RV dysfunction
flow (RV to PA) « Indirect RV unloading | and vascular com-
plication if placed
incorrectly
ProtekDuo Continuous 4-5 - Right 1)V -29 Fvenous | - )V access - Safety and efficacy
centrifugal flow . Allows ambulation is currently limited
(RA to PA) to retrospective
reviews
- Increased flow rates
can cause LV disten-
sion and pulmonary
edema
VA-ECMO Continuous Upto7 - Femoral artery | -14-19 F - Simple cannulation | - Nonphysiologic
centrifugal flow -Femoral vein | arterial - Biventricular support | "etrograde flow
7-21F . Oxygenation support | * High bleeding and
venous vascular complica-

tion rates

Abbreviations: IABP, intra-aortic balloon pump; 1}V, internal jugular vein; LA, left atrium; LV, left ventricular; PA, pulmonary artery; RA, right atrium; RV,
right ventricular; VA-ECMO, venoarterial extracorporeal oxygenation.

TandemHeart

TandemHeart is a system consisting of an extracor-
poreal centrifugal impeller that pumps blood from the
left atrium (LA) to the descending aorta through sepa-
rate inflow and outflow cannulae. The inflow cannula
is 21 F in size and is inserted percutaneously through
the femoral into the LA after transseptal access. The
outflow cannula is 15 to 17 F in size and is inserted into

the femoral artery and advanced retrogradely to the
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descending aorta. It can provide up to 4 to 5 L/min of
flow.%® TandemHeart can be converted to ECMO by
pulling the inflow limb into the right atrium (RA) and
using an interposed extracorporeal oxygenator similar
to ECMO. TandemHeart allows the left ventricle to
contribute to cardiac output and, by pulling blood from
the LA, reduces left atrial and ventricular pressures,
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thus improving blood oxygenation.® TandemHeart is
contraindicated in severe PAD and atrial thrombi. Due
to the transseptal approach, complications may include
inflow cannula migration to the RA with subsequent
hypoxia and right-to-left shunting in the absence of the
oxygenator. Two studies comparing TandemHeart to
IABP for circulatory support in CS reported higher car-
diac indices and lower pulmonary capillary wedge pres-
sures compared to |IABP, with more complications in
the TandemHeart arm.>'° The use of TandemHeart in
CS showed promising outcomes, with 30- and 180-day
survival of 74% and 66%, respectively.'!

RV SUPPORT DEVICES
Impella RP

The Impella RP works with the same mechanism as
the left side Impella by axial flow continuous pump.
The RP Impella is inserted percutaneously through the
femoral vein using a 23-F introducer and advanced
through tricuspid and pulmonary valves. It allows an
average maximum flow of 4.4 L/min."? FDA recently
approved Impella RP Flex with SmartAssist with some
advantages, including venous access through the inter-
nal jugular vein (lJV) that will allow patient mobility,
providing advanced metrics through SmartAssist dual
sensor technology with Impella connect.

ProtekDuo

The dual-lumen ProtekDuo 29-F cannula is inserted
percutaneously through the right 1)V. The inflow is in
the RA, and the outflow is in the pulmonary artery.
ProtekDuo was FDA approved in 2014 as a venove-
nous ECMO cannula for pulmonary support in acute
respiratory distress syndrome as a bridge to recovery
or lung transplant. It can provide up to 4.5 L/min.
The ProtekDuo system is an attractive alternative
to Impella RP as it allows ambulation due to utiliz-
ing an 1)V insertion site instead of a femoral access."
Data regarding safety and efficacy are currently lim-
ited to retrospective reviews. A systematic review
reported that < 5% of patients experienced compli-
cations, including bleeding and catheter migration.
Additionally, 62% of patients were successfully weaned
from support; however, 20% required conversion to
surgical RV assist device support.'

BIVENTRICULAR SUPPORT DEVICE
VA-ECMO

VA-ECMO consists of an extracorporeal centrifu-
gal flow pump, a membrane oxygenator, and venous
inflow and arterial outflow cannulas. Venous and arte-
rial access are commonly established percutaneously

through the femoral vein and artery, respectively. Blood
flows from the venous to the arterial system, bypassing
pulmonary circulation. VA-ECMO can provide up to

6 L/min of flow; however, it can increase LV afterload
due to increased retrograde flow toward the aortic
valve.® This can be circumvented via an LV unloading
strategy (for instance, by using Impella, IABP, or ino-
tropes). VA-ECMO is contraindicated with significant
aortic insufficiency, severe PAD, uncontrolled sepsis,
and bleeding tendency. Complications include limb
ischemia, bleeding, infection, Harlequin syndrome, and
stroke (particularly with carotid artery cannulation).’

USE OF MCS IN CS

CS is a state of end-organ dysfunction caused by insuf-
ficient cardiac output secondary to LV, RV, or biventricular
dysfunction. Multiorgan failure and systemic inflammatory
response syndrome commonly ensue. Understanding the
hemodynamics in CS is essential for management deci-
sions and understanding the role of MCS.'® Acute Ml has
been identified as the leading cause of CS. Huge efforts
have been exerted to study and improve the approach
to managing acute MI complicated by CS, including
the National Cardiogenic Shock Initiative (NCSI) and
the SCAI (Society for Cardiovascular Angiography and
Interventions) SHOCK staging system."”

Although CS mortality remained relatively high
over the years with minimal improvement, using MCS
through an algorithmic approach guided by a CS team
has a promising potential to improve CS outcomes.®
Current literature lacks solid evidence of the impact of
MCS on mortality in CS, and available trials have multi-
ple drawbacks, including the inability to enroll samples
representative of real-world patients.”

Multiple algorithms have been devised to guide
the early use of MCS in CS, the most studied being
the NCSI. The algorithm encompasses multiple steps,
starting with early identification to prompt initiation
of mechanical support to halt the vicious cycle of CS
hemodynamic decline. After early identification, place-
ment of MCS devices before PCl has been shown to
improve outcomes.”® The initial MCS device should
be an LV support device depending on the opera-
tor’s experience, with the Impella CP device currently
being the most appropriate given the ease of use and
adequate initial support of up to 4 L/min. After stabili-
zation and PCl, reevaluation of hemodynamics and cal-
culation of cardiac power output (CPO) and pulmonary
artery pulsatility index (PAPI) are advised for possible
escalation of support, especially if the patient remains
on inotropes or pressors. If CPO is < 0.6 W and PAPI is
> 0.9, escalation of LV support would be indicated, as
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Determinants of MCS in CHIP

during their procedure.
There is no current

consensus among inter-

High-risk patient

Hemodynamics and

Clinical cardiac function

ventional cardiologists
on the criteria for selec-
tion. One algorithm that
has been proposed by

Technically complex

procedure

Kearny et al met gen-

Older age (>75 years) Sewvere aortic stenosis

Sewvere mitral regurgitation
Frailty Systolic dysfunction (LVEF
<35%)

Chronic kidney disease

Presentation with acute

Cardiac index < 2 L/m/m?
coronary syndrome

LVEDP =15 mmHg

Surgical turndown

Atherectomy for high calcium burden

Retrograde CTO PCI through the last

eral acceptance among
high-risk operators.??
However, it has not

yet been prospectively
validated. Different
operators have their
version of the algorithm
according to their com-
fort level, expertise, and

Multivessel PCI

PCI of the last remaining vessel

[possible slow or no-reflow)

remaining vessel

available resources.

Figure 1. Clinical and technical indications of MCS use in complex and high-risk PCI. CTO, chronic
total occlusion; LVEDP, left ventricular end-diastolic pressure; LVEF, left ventricular ejection fraction.

the initial device is likely unable to stop shock. Options
include upgrading to surgical Impella 5.5, TandemHeart,
or ECMO. If PAPI is < 0.9, this indicates concomitant
RV failure requiring RV support escalation with either
an RV support device or ECMO. The MCS device choice
should be evaluated with emphasis on the risk/benefit
profile and the patient’s body habitus, comorbidities,
and peripheral vasculature.

USE OF MCS IN COMPLEX, HIGH-RISK PCI

The development of CHIP procedures has been under-
scored by multiple enhancements, including innovative
techniques pioneered by operators and advancements
in equipment; however, another crucial aspect lies in
the development and adoption of MCS devices. These
devices enable operators to treat patients who, without
MCS, might face life-threatening complications or mor-
tality. A small number of studies attempting to evaluate
the impact of MCS in high-risk PCl (protected PCl) failed
to show solid evidence of outcome improvement in their
primary analyses.?’ However, similar to CS trials, these
trials fail to enroll real-world high-risk patients, mostly
because of the lack of equipoise by operators who would
not perform unprotected PCl on patients who need sup-
port during their procedure. The ongoing PROTECT IV
trial (NCT04763200) should help answer this question,
especially with its parallel ongoing registry.

Although we still need evidence to support the cur-
rent practice of protected PCl, the more difficult ques-
tion is the selection of patients who really need MCS

CHIP procedures are
divided into two general
categories: the high-
risk patient and the
complex procedure, along with their associated risky
features (Figure 1). The choice of using MCS depends
on the combination of multiple risky features. To fully
assess patients for their need for protected PCl, a care-
ful evaluation of the patient should be performed. Risky
features in medical history should be identified with
the most important factors, including old age, frailty,
and chronic kidney disease. Presentation with acute
coronary syndrome significantly increases the risk of
the procedure as well as surgical turndown status.® An
echocardiogram is crucial to evaluate LV ejection frac-
tion and significant valvular abnormalities that would
increase the risk of the procedure and identify contra-
indications to certain devices. An understanding of the
procedure and complexity should be discussed among
the CHIP team to identify the high risk of adverse
events while treating the complex coronary anatomy
(eg, PCl of the last remaining vessel or atherectomy of
high calcium burden that might lead to stunning or no-
reflow). Finally, if the decision remains equivocal, a right
heart catheterization is indicated to identify further
risky features that would necessitate using MCS (eg, low
cardiac index or high LV end-diastolic pressure).

If the decision is made to proceed with protected
PCl, an LV support device is used initially. Device choice
again depends on the local expertise and availability.
Impella CP is advised, given ease of use and adequate
support. If there is a vascular contraindication to
Impella, IABP can be used, although the actual hemo-
dynamic benefit is limited.?* TandemHeart can also be
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used in certain cases where extra support is needed as
well as in very risky patients, as it can be converted into
VA-ECMO as long as an oxygenator is connected.

CONCLUSION

The use of MCS has revolutionized contemporary PCI
and shock management. However, MCS devices should
be used in the context of team-based algorithmic
approaches for maximum clinical benefits. Although
technology progress is crucial, efforts should be cur-
rently focused on streamlining the use of MCS in CS
and CHIP procedures. m
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