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Abstract

The use of mechanical circulatory support (MCS) to provide acute haemodynamic support for cardiogenic shock or to support high-risk
percutaneous coronary intervention (HRPCI) has grown over the past decade. There is currently no consensus on best practice regarding its
use in these two distinct indications. Impella heart pumps (Abiomed) are intravascular microaxial blood pumps that provide temporary MCS
during HRPCI or in the treatment of cardiogenic shock. The authors outline technical specifications of the individual Impella heart pumps and
their accompanying technology, the Automated Impella Controller and SmartAssist, their indications for use and patient selection, implantation
techniques, device weaning and escalation, closure strategies, anticoagulation regimens, complications, future directions and upcoming trials.
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Mechanical circulatory support (MCS) device use for cardiogenic shock
(CS) and high-risk percutaneous coronary intervention (HRPCI) has grown
over the past decade. However there are ongoing problems, including
the standardisation of guidelines for patient selection, protocols for use,
weaning and addressing complications.”

Among patients undergoing percutaneous coronary intervention (PCl) for
acute MI complicated by CS (AMICS), data from a recent cross-sectional
study show that 42.7% received an mechanical circulatory support (MCS)
device; during the study period of 2015-2017, the use of intravascular
microaxial left ventricular assist devices (LVADs) increased substantially
while intra-aortic balloon pump (IABP) use decreased significantly.>In a
Premier database analysis, Amin et al. identified that Impella use among
percutaneous coronary intervention (PCl) patients requiring MCS rose
from approximately 1% in 2008 to 31.9% to 2016, encompassing 9.9% of
all PCI procedures performed for MCS.* The authors did not observe a
trend of increasing use of Impella in critically ill patients. This being the
case, the overall trend in growing use likely reflects greater utilisation in
the context of HRPCI.

Since the introduction of Impella, IABP use has been found to either
decline slightly or stay constant. When results from the IABP-SHOCK Il trial
did not demonstrate a benefit of IABP use on 30-day or 1-year mortality,
the use of IABP in cardiogenic shock was downgraded to a class Ill B
recommendation in European guidelines.® Similarly, in the US, IABP use
has been downgraded to a class llb B recommendation. In addition, a
2005-2014 analysis of the Nationwide Inpatient Sample database found
a significant decrease in the use of IABP in patients with acute MI

complicated by cardiogenic shock, while the use of both Impella devices
and extracorporeal membrane oxygenation (ECMO) increased significantly
over this decade.? The analysis found that patients receiving any MCS
were significantly more likely to be younger and to undergo
revascularisation; patients receiving MCS also had significantly lower in-
hospital mortality than those not receiving MCS.?

Impella Pumps

The Impella device (Abiomed) is an intravascular microaxial blood pump that
provides temporary MCS to patients, thereby reducing the workload of the
heart and improving systemic circulation. Impella devices are used during
HRPCI or for treatment of cardiogenic shock following acute Ml or cardiac
surgery, in the context of cardiomyopathy and in severe myocarditis.%”

The left-sided Impella devices are microaxial pumps positioned across
the aortic valve into the left ventricle (LV) that provide continuous
antegrade blood flow from the LV into the ascending aorta, which reduces
the workload of the LV and increases cardiac output (Figure 1). The result
isimproved systemic perfusion and increased coronary flow accompanied
by a reduction in myocardial oxygen demand.®” A right-sided device
delivers blood from the inlet area of the inferior vena cava into the
pulmonary artery. The characteristics of each Impella device are detailed
in Table 1.

Automated Impella Controller with

SmartAssist Technology

The Automated Impella Controller (AIC) is the primary user control
interface for all Impella heart pumps. This technology is accompanied by
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Figure 1: Impella Position
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Correct positioning of the Impella CP, Impella 2.5 and Impella 5.0 across the aortic valve and into the left ventricle. The radiopaque marker should be positioned across the aortic valve annulus, allowing
an approximate distance of 3.5 cm from the aortic valve annulus to mid-inlet for the Impella CP, 2.5 and 5.0 devices (left). The device extends a further 5.5 cm from mid-inlet to the tip of the pigtail
catheter. On transthoracic echocardiography (TTE), two echogenic double lines of the cannula indicate either end of the Impella inlet. Reverberation artefacts on TTE posterior to the cannula may also
assist in identification of the inlet. Correct placement of the Impella 5.5 catheter is 5.5 cm from the aortic valve annulus to mid-inlet of the inflow cage. This is deeper due to the lack of pigtail on the

Impella 5.5 catheter. Ao = aorta; LV = left ventricule; MV = mitral valve; RV = right ventricle.

the Impella Connect, a cloud-based platform that allows for secure,
remote viewing and collaborative patient management. The Impella CP
and 5.5 are provided with SmartAssist technology, which enables a real-
time display of informative pump metrics and device placement on the
AIC (Figure 2).

Left-sided Impella devices with SmartAssist technology are equipped with
optical sensors that sense the pressure at the outlet of the device (this is
the aortic pressure when the devices are in the correct position) and
provide the AIC with exact device positioning. In addition, the microaxial
motor senses the pressure difference between the inlet and outlet of the
Impella device (when placed in the proper position, this reflects the
pressure difference between the aorta and left ventricle) to assist in
managing and positioning the device. Left-sided SmartAssist technology
provides the AIC with data on left ventricular pressure, end-diastolic
pressure, continuous cardiac output and cardiac power output (CPO). CPO
is a metric that is calculated with the following formula:

(cardiac output x mean arterial pressure) / 4512 These haemodynamic
metrics aid device management and weaning.

The Impella RP with SmartAssist provides the AIC with data on pulmonary
artery pressures, central venous pressure and the pulmonary artery

pulsatility index (PAPi). PAPi is a metric that is calculated with the following
formula: (systolic PAP — diastolic PAP) / right atrial pressure.

High-risk PCI Indication

PCl is considered to be high risk, based on a wide range of criteria
involving patient characteristics, including age and comorbidities, lesion
characteristics and clinical presentation.® Patients deemed ineligible for
surgery — referred to as surgical turndown patients — are at a higher risk
of worse clinical outcomes.®" Without the option of surgery, these patients
are more likely to undergo PCI. A thorough understanding of patient
characteristics and clinical presentation must be considered before any
intervention. Predictive risk scores, including SYNTAX and STS scores,
have emerged as key tools in the stratification of surgical turndown
patients to identify those who could benefit from PCI.”

The PROTECT Il study was the first randomised controlled trial (RCT)
comparing outcomes with different forms of MCS in patients undergoing
HRPCI.® There was no significant difference in the primary endpoint — 30-
day major adverse event rate — in patients treated with the Impella 2.5 or
IABP in the PROTECT II trial, which resulted in early trial termination.
However, patients supported with the Impella 2.5 showed better
performance on a prespecified analysis of the primary endpoint at

INTERVENTIONAL CARDIOLOGY: REVIEWS, RESEARCH, RESOURCES
www.ICRjournal.com



The Impella Devices: A Review

Table 1: Impella Device Technical Specifications

Impella Device 2.5 CP 5.0 LD 5.5 RP
Indication HRPCI and CS HRPCI and CS cs cs cs RAFor
decompensation
Introducer diameter 13Fr 14 Fr 23 Fr 23 Fr 23 Fr
Pump motor 12 Fr 14 Fr 21Fr 21Fr 19 Fr 22 Fr
Access Percutaneous Percutaneous Femoral cutdown Directinsertion into  Axillary cutdown or Percutaneous
femoral or axillary femoral or axillary or axillary AA direct insertion into AA femoral vein (to PA)
Maximum average 25 37 5.0 53 55 44
flow (I/min)
Maximum duration of HRPCI: <6 hours HRPCI: <6 hours
14 14 14 14
support CS: <4 days CS: <4 days days days days days
SmartAssist? N Y N N Y N

All catheter diameters are 9 Fr, with the exception of the Impella RP (11 Fr). AA = ascending aorta; CS = cardiogenic shock; HRPCI = high-risk percutaneous coronary intervention; PA = pulmonary artery;

RHF = right heart failure.

90 days, attaining significance in those treated per the protocol, resulting
in Food and Drug Administration (FDA) approval for the Impella 2.5 pump
in this setting” In addition, patients in the Impella arm received more
vigorous atherectomy with more runs and longer durations.

A PROTECT Il subgroup analysis by Cohen et al. found that patients
treated with atherectomy (either trial arm) were older, had significantly
higher STS scores and more severe comorbidity burdens, with higher
rates of 30-day and 90-day major adverse events, largely driven by higher
periprocedural Ml rates in patients receiving Impella and undergoing
atherectomy Conversely, people receiving an Impella and undergoing
atherectomy showed significantly lower rates of repeat revascularisation
within 90 days compared to IABP patients.

To date, no robust randomised data exist to support the routine use of
Impella pumps for HRPCI. However, the randomised PROTECT IV trial
(NCT04763200) is enrolling patients and the CHIP-BCIS3 trial
(NCT05003817) will soon be enrolling patients. Both trials are being
conducted on non-emergent populations, with patients with cardiogenic
shock or acute ST-elevation MI (STEMI) excluded. The PROTECT IV trial is
enrolling patients with chronic coronary syndrome or non-ST-elevation MI
(NSTEMI) with LVEF <40% or acute STEMI =24 hours with LVEF <30%, with
complex PCI planned. CHIP-BCIS3 will enrol patients with a British
Cardiovascular Intervention Society Jeopardy Score =8 and an LVEF
<35%, with complex PCl planned. Both trials aim to provide a more
definitive answer as to the value of prophylactic Impella support in the
HRPCI setting.

Guidelines by major societies regarding the use of MCS during HRPCl are
lacking. There have been many previous attempts to objectively risk
stratify patients undergoing HRPCI. The algorithm by Kearney et al. is a
comprehensive attempt to objectively evaluate these patients®

Patients at High Bleeding Risk

The decision to use MCS during PCl in patients at a high risk of bleeding
must involve a careful assessment that weighs the overall benefits against
the risks of thrombotic or ischaemic events, and the treatment plan must
be crafted on an individual patient basis.

Benefits include maintaining normal haemodynamics, enabling complete
revascularisation, and reducing cardiac mechanical stress. Risks include
major bleeding and vascular complications. A comprehensive literature

review evaluating the risk of major bleeding and vascular complications in
Impella-supported HRPCI revealed a median rate of major bleeding
complications of 5.2% and a median rate of major vascular complications
of 2.6%.® Such complications have been associated with a significant
increase in mortality and duration of hospital stay.”

Cardiogenic Shock Indication

Mortality rates for patients with CS have historically ranged from 40% to
60% and have not improved despite advancements in therapies.®
Previous trials comparing Impella and IABP in AMICS patients have
demonstrated better haemodynamic parameters including cardiac index,
cardiac output and mean arterial pressure in Impella patients; however,
acute mortality rates were found to be similar between the two devices*'
These trials were small and underpowered, highlighting the difficulty of
patient recruitment in this context.

In recent years, some institutions have adopted a shock-team approach,
in which a designated team follows specific protocols to improve clinical
outcomes. A large, quaternary care centre implemented such an
approach, utilising early shock team activation, rapid MCS initiation,
haemodynamic-guided management and strict protocol adherence.?
Results showed an increase in survival rate from 47% in 2016 to 57.9% in
2017 and 81.3% in 2018.

There is no consensus over the optimal timing for initiating MCS support
for patients with cardiogenic shock undergoing PCl. Some evidence
suggests that Impella implantation prior to PCl results in improved survival
secondary to effective LV unloading and increased systemic and coronary
perfusion. An analysis of 154 consecutive AMICS patients treated at 38
US hospitals participating in the USpella registry found that early initiation
of haemodynamic support before PCl was associated with more complete
revascularisation and improved survival 2

The National Cardiogenic Shock Initiative (NCSI) reported a survival to
discharge rate of 72%, using a shock protocol that emphasises initiation
of Impella support prior to PCl and pulmonary artery catheterisation (PAC)
for haemodynamic monitoring.”® NCSI findings also identified the
predictive utility of lactate and CPO measurements post procedure to
guide clinical decision-making.?>? PAC has also been recommended for
use with MCS in cardiogenic shock to help monitor effectiveness, optimise
device settings, determine escalation requirements and assist decision-
making on weaning.”
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Figure 2: Automated Impella Controller
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The Automated Impella Controller (AIC) features a left ventricular (LV) waveform display (red graph)
showing diastolic and systolic pressures and a motor current display (green graph), and also
provides real-time Impella flow rates as well as other haemodynamic parameters.

The top panel illustrates normal flow conditions in a patient implanted with the Impella CP. The
middle panel illustrates one diastolic suction alarm scenario. This may be identified in the LV
waveform display, which shows normal systolic pressures and negative diastolic pressures that
recover by the end of diastole. Sharp negative deflections in the motor current during diastole
also indicate a potential suction event. A diastolic suction alarm accompanied by these displays
indicates low volume or possible right ventricular dysfunction.

The lower panel illustrates a diastolic suction alarm due to incorrect Impella positioning, with the
Impella positioned too shallowly at the aortic valve annulus, and not advanced far enough into the
left ventricle. This is identified in the LV waveform display by negative diastolic pressures that do
not recover by the end of diastole, and lower than expected peak systolic pressure as compared
to the aortic placement signal.

Right Ventricular Failure

The Impella RP is indicated for patients with right heart failure, which can
arise secondary to acute MI, myocarditis, acute decompensated heart
failure, acute pulmonary embolism and pulmonary hypertension, and
following cardiotomy, transplantation and LVAD implantation.

Although invasive, PAC is essential for continuous haemodynamic
monitoring of pulmonary artery pressure and other metrics to ensure that
adequate support is being administered to the patient.?

The Impella RP can be used in tandem with a left-sided Impella device.
The use of two Impella devices concurrently has demonstrated decreased
LV filling pressures and improved cardiac output for cardiogenic shock
patients, although reported data on this use is limited and future studies
are required.”

Quantifying right ventricular (RV) failure and identifying patients in need of
an RV assist device is not always easy. Many noninvasive and invasive
parameters have been used. One such invasive haemodynamic parameter
is PAPi, which was first used in patients with RV failure after inferior MI, but
has since been shown to be helpful in many scenarios including
nonischaemic cardiogenic shock.*= Various PAPi cut-off values have
been used to classify patients in need of RV support; the most commonly
used cut-off value of PAPi <0.9 has been shown to have 100% sensitivity
and 98% specificity for predicting in-hospital mortality and/or requirement
for RV support.*®

Impella Implantation Technique

Femoral Access

The Impella 2.5 and Impella CP are inserted using 13 Fr and 14 Fr sheaths,
respectively, via a retrograde femoral arterial approach. The catheter is
inserted percutaneously through the femoral artery into the ascending
aorta, across the aortic valve and into the left ventricle, guided by
fluoroscopic or echocardiographic imaging. The femoral approach is the
most common insertion route for Impella 2.5 and CP, but is not indicated
for patients with severe peripheral arterial disease (PAD) or for those
requiring longer-term support that necessitates lengthy immobilisation.®
The Impella 5.0, which requires a 23 Fr sheath, may be inserted via
surgical cutdown of the femoral artery but is more commonly inserted via
axillary cutdown.

lliofemoral angiographic evaluation is warranted before any consideration
of large-bore femoral access. For HRPCI patients, this evaluation should
be performed during the index diagnostic coronary angiogram procedure.
This allows for a discussion of MCS placement technique as part of the
revascularisation strategy. The evaluation could be performed during the
staged HRPCI procedure, but it is preferable to perform this before the
PCl procedure to avoid surprises and to adequately assess the risks of
PCl. In our experience, the best outcomes are achieved with thorough
pre-procedure planning.

Axillary Access

When Impella 2.5 or Impella CP femoral access is precluded due to PAD,
it may be feasible to use the axillary artery as an alternative access
site.*** Axillary insertion is not as restrictive to ambulation as femoral
artery insertion — an important factor for patients requiring longer-term
support who would otherwise be immobilised. Impella 2.5 and CP can be
placed by percutaneous peripheral insertion into the axillary artery, while
the large sheaths of Impella 5.0 and Impella 5.5 necessitate surgical
cutdown of the axillary artery.
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Surgical and Transcaval Implantation

Because of the 23 Fr sheath required to insert Impella 5.0, 5.5 and LD, these
devices must be placed by a surgical cutdown arteriotomy or via a transcaval
approach by highly skilled operators with transcaval access experience. The
Impella LD is exclusively surgically inserted into the ascending aorta through
a10 mmvascular graft and advanced across the valve into the left ventricle.
The Impella 5.0 and 5.5 may be implanted via a transcaval approach for
patients with prohibitive iliac artery anatomy or disease, or through axillary
cutdown or direct insertion into the ascending aorta through either the
supraclavicular fossa or the midclavicular intercostal space.®

Right Heart Access

The Impella RP is @ 23 Fr pump on an 11 Fr catheter that is inserted
percutaneously through the femoral vein into the pulmonary artery,
guided by fluoroscopic imaging. The inflow portion of the catheter is
placed in the inferior vena cava, and the nitinol cannula is advanced
across the right atrium, tricuspid valve and pulmonary valve to position
the outflow portion of the catheter in the main pulmonary artery.”

Left Ventricular Device Repositioning

Correct initial device placement can be confirmed by imaging with
fluoroscopy, although bedside echocardiography after the patient has
been moved from the cath lab should be mandatory. If repositioning is
required, transthoracic echocardiography (TTE) can be used to visualise
the device. Repositioning without visualisation, although generally not
recommended except in emergencies, can be accomplished by retracting
the cannula until the diastolic pressure normalises, or through using
SmartAssist technology on the Impella CP or Impella 5.5 devices.® If the
TTE images are difficult to interpret, repositioning based on fluoroscopy
or transoesophageal echocardiography may also be considered.

Single Access Technique

Jason Wollmuth first proposed the Single-access for Hi-risk PCl (SHiP)
technique, where a PCl catheter up to 7 Fris inserted through the valve of
the 14 Fr Impella CP sheath parallel to the catheter In a case series of 17
patients undergoing SHiP, Wollmuth et al. reported no bleeding events
during the procedure or after the removal of the sheath, although in one
patient iliac thrombus was noted with Impella catheter removal several
days after PC.¥

Device Weaning and Escalation

As there are no universally accepted guidelines for weaning, strategies
vary between individual patients and rely on haemodynamic parameters
predictive of patient outcomes. The majority of patients receiving Impella
support during HRPCI do not require an extended duration of support and
undergo device removal at the end of the procedure.

CPO has been shown to be the strongest predictor of mortality in patients
receiving MCS for cardiogenic shock, and can be used to guide weaning.?®

At our facility, the interventional cardiologist supervises the weaning
process over the course of a few hours. Box 1 describes our weaning and
escalation process for Impella support for cardiogenic shock.

It should be noted that prolonged high or low levels of Impella support
can be harmful. Low support levels for long periods of time can precipitate
thrombosis. Higher levels of support can put the patient at risk of
haemolytic events. The true incidence of haemolysis is not well reported
and is likely to vary depending on factors such as Impella positioning and
patient volume status in addition to the level of support.®

Box 1. Impella Weaning/Escalation Protocol at

Ascension St John Hospital and Medical Center

1. Consider weaning from Impella support if cardiac power output
>0.6 W and other haemodynamic parameters are adequate
without the use of vasopressors and high-dose inotropes.

2. Reduce Impella performance level (P-level) every hour.

3. Measure mixed venous oxygen saturation (SvO,), lactic acid and
urine output every hour to ensure that the patient continues to
have adequate cardiac output.

4. With every change in P-level, calculate cardiac power output,
pulmonary artery pulsatility index (PAPi), and systemic vascular
resistance (SVR).

5. Continue weaning if the SvO, remains >50%, cardiac power
output is >0.6 watts, mean arterial pressure is >60 mmHg and
lactic acid remains <3 mmol/l. If these values are not achieved,
initiate positive inotropic therapies to expedite the weaning of
the Impella device.

6. If the patient develops tachycardia, arrhythmia-related
decreases in mean arterial pressure, decreased urine output,
increasing lactic acidosis or worsening pulmonary artery
pressures, consider increasing Impella support as necessary to
stabilise the patient before reattempting weaning.

7. 1f CPO <0.6 W, consider escalation from Impella 2.5 or CP to
Impella 5.0 or 5.5 depending on the patient’s characteristics.
Support may be continued until native heart recovery or as a
bridge to durable therapy, such as a long-term LVAD or
transplantation (in the absence of multi-organ failure).

Patients with Impella support devices should be monitored closely for
haemolysis. It is routine at our institution to check haemolysis lab findings
(i.e. plasma-free haemoglobin, lactate dehydrogenase, haptoglobin and
bilirubin) every 6-12 hours, with plasma-free haemoglobin identified as
being highly sensitive and specific for haemolysis in patients treated with
Impella in line with a recent analysis by Esposito et al.*! The frequency
should be adjusted as necessary.

Patients with significant haemolysis are at risk of kidney injury so early
detection can be organ saving. These patients should be monitored more
frequently whereas those without signs of significant haemolysis can
have lab tests carried out less often.

Haemolysis can be treated with confirmation of correct device positioning,
administration of IV fluids and reduction in the level of Impella support;
however, in many patients, expedited explantation is necessary. Initiation
or titration of inotropes is necessary in many of these patients for
successful reduction in support and device removal.*?

Closure Strategies

Vascular closure devices (VCDs) have arisen as a potential tool for
reducing complications associated with large-bore femoral artery closure,
including uncontrolled bleeding, patient immobilisation, increased length
of hospital stay and vascular complications.

Of note is the MANTA VCD (Teleflex), a collagen-based VCD designed for
large-bore femoral access closure, which received FDA approval in 2019.
Outcomes with the MANTA and the double-pre-close closure technique
were compared in patients undergoing transcatheter aortic valve
replacement (TAVR) in the MASH RCT. Similar performance on the primary
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endpoint of access-related vascular complications was reported; however,
those receiving the MANTA had a significantly shorter time to haemostasis
and significantly lower rate of modified VCD failure.*

Many clinicians find it useful to ‘pre-close’ large-bore access sites using
two sequentially placed Perclose ProGlide devices (Abbott Vascular
Devices) at the 10 o’clock and 2 o’clock positions before placing the
Impella sheath. This pre-close technique has been found to be useful in
achieving haemostasis in immediate as well as delayed closure cases.*

In patients at a high risk of bleeding, the dry closure technique with
balloon tamponade is recommended to prevent excessive bleeding. This
method involves the advancement and subsequent inflation of a balloon
proximal to the access site, followed by slow balloon deflation until
haemostasis is achieved. Perclose sutures are then used to close the
access site.

Anticoagulation Regimens

Systemic anticoagulation is required with Impella use to decrease the risk
of thrombus formation along the length of the catheter or on the body of
the Impella device. A purge solution containing heparin flows through the
Impella catheter in the opposite direction of the patient’s blood to
generate a pressure barrier that prevents blood from entering the motor,
and to keep purge gap regions clear of debris. Strategies for IV-based
anticoagulation must take into account purge flow rates with the Impella,
pre-existing coagulopathy and heparin allergies.

The viscosity and flow rate of the purge solution is determined by its
dextrose concentration. When the concentration of dextrose is low, the
purge flow rate will be faster due to the lower viscosity, resulting in
greater delivery of heparin to the patient. Higher dextrose concentrations
yield greater viscosity and a slower purge flow rate that delivers less
heparin to the patient.

The current recommendation for the initial purge solution is a heparin
concentration of 25 U/ml in 5% dextrose. In some patients, the addition of
titratable, supplemental IV heparin is required to provide optimal
anticoagulation.

In patients with heparin-induced thrombocytopenia, an anticoagulant-
free purge solution is recommended with an alternative systemic
anticoagulant. In a recent case series at the Cleveland Clinic, nine patients
with suspected or proven heparin-induced thrombocytopenia received
Impella CP support with low-concentration bivalirudin added to the purge
in addition to systemic bivalirudin.*

Complications

Femoral insertion of the Impella 2.5 or Impella CP involves standard
catheterisation procedures except for the requirement of a large-bore 13
or 14 Fr sheath, which can result in haematoma formation, uncontrolled
bleeding and injury to the vasculature that may necessitate surgery.

Haemostatic complications can arise from all forms of MCS because they
involve the placement of a foreign object and shear forces on blood
flowing through the device. Platelet aggregation, thrombosis, mechanical
haemolysis and thrombocytopenia due to heparin use are potential
complications that must be managed for each patient.

A comprehensive literature review of Impella use during HRPCI
demonstrated that, over time, rates of major bleeding complications have

varied considerably, while transfusion rates have decreased and vascular
complication rates have remained consistently below 5%.

Patient selection in view of bleeding risk as well as careful access vessel
selection and approach are important to mitigate the risk of access-
related bleeding and vascular complications. Vascular access techniques
that include the use of fluoroscopy, ultrasound, micropuncture,
angiography and vascular closure devices help optimise patient
outcomes.”

Maintaining femoral skills (as radial access for PClI has come to
predominate) is paramount. Novel emerging technologies and techniques
such as the MANTA VCD and the single-access technique may have
potential utility in alleviating the risks of large bore access.

Haemolysis can occur with Impella devices so avoiding suction alarms,
daily imaging and maintaining adequate fluid status are imperative to
reduce its likelihood. Pulmonary artery diastolic pressures should be
maintained between 15 mmHg and 20 mmHg to ensure adequate
intravascular volume. Haemolysis is monitored via daily laboratory values
including but not limited to LDH, plasma free haemoglobin and
haptoglobin. All patients should be fitted with a Foley catheter to monitor
urine output as a marker of adequate perfusion as well as haemolysis. It
is important to note that daily echocardiograms should be done to ensure
appropriate positioning of the Impella device; haemolysis may be an early
indicator of poor Impella placement which may lead to decreased cardiac
output and poor outcomes.

Future Directions

In December 2020, the FDA granted 510(k) clearance to the Impella XR
Sheath, a low-profile sheath made of nitinol braids designed to be
inserted at 10 Fr and to expand and recoil for simplified percutaneous
insertion with the Impella 2.5.* The reduction in size is intended to lower
the incidence of vascular and bleeding complications related to large-
bore access.

The Impella ECP heart pump, which is inserted and removed through a
9Fr sheath, has completed the first stage of its early feasibility study and
was granted breakthrough device designation from the FDA in August
2021. The Impella ECP expands after insertion to provide peak flows
greater than 3.5 I/min.

For patients in cardiorespiratory failure, the main percutaneous
extracorporeal life support system in use is venoarterial ECMO. The ECMO
circuit provides temporary MCS along with gas exchange; however, veno-
arterial-ECMO circuits result in increased afterload, which is not
sustainable for patients with LV contractile dysfunction. Abiomed’s
Breethe OXY-1System (an all-in-one cardiopulmonary bypass system that
can be used in conjunction with the Impella, and allows patient ambulation)
received 510(k) clearance in October 2020.% The combination of ECMO
with Impella, a therapy known as ECpella, provides venting for the left
ventricle in order to continue forward flow from the left ventricle.>®"
Further investigation is warranted to elucidate the risk-benefit profile of
the ECpella approach.

Upcoming Trials
Upcoming RCTs will provide much-needed evidence assessing outcomes

with Impella use in PCI.

STEMI DTU is a prospective, multicentre, two-arm trial expected to enrol
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668 patients undergoing treatment for STEMI and not in cardiogenic
shock. Patients will be randomised 1:1 to either 30 minutes of unloading

with Impella CP prior to reperfusion, or the standard care, which is

immediate reperfusion. The pivotal trial follows the DTU STEMI pilot study,
which showed no prohibitive safety signals to the unloading-before-

reperfusion approach.*

The upcoming PROTECT IV RCT will randomise patients with LVEF <40%
and chronic coronary syndrome or NSTEMI or LVEF <30% and STEMI >24
hours, who were selected for complex PCl after heart team discussion to
HRPCI with Impella or standard care. The first patient was enrolled, at our
institution, in April 2021. The trial aims to validate the best practices

Conclusion

learned for Impella-supported HRPCl since the completion of the PROTECT
Il trial more than a decade ago.

The use of the Impella devices for cardiogenic shock and HRPCI has

increased since their inception. The ideal access site, including
implantation and closure techniques, requires endovascular expertise

and nursing experience is needed to ensure successful patient outcomes.
Patients on pump require constant haemodynamic and haematological
monitoring to ensure adequate response to therapy and early detection in
bleeding complications. Furthermore, new research is on the horizon to
help us better understand how these devices can advance patient care.

Strom J, Zhao Y, Shen C, et al. Hospital variation in the
utilization of short-term non-durable mechanical circulatory
support in myocardial infarction complicated by cardiogenic
shock. Cric Cardiovasc Interv 2019;12:€007270. https://doi.
org/10.1161/CIRCINTERVENTIONS.118.007270;

PMID: 30608880.

Shah M, Patnaik S, Patel B, et al. Trends in mechanical
circulatory support use and hospital mortality among
patients with acute myocardial infarction and non-infarction
related cardiogenic shock in the United States. Clin Res
Cardiol 2018;107:287-303. https://doi.org/10.1007/s00392-
017-1182-2; PMID: 29134345.

Dhruva SS, Ross JS, Mortazavi BJ, et al. Use of mechanical
circulatory support devices among patients with acute
myocardial infarction complicated by cardiogenic shock.
JAMA Netw Open 2021;4:€2037748.https://doi.org/10.1001/
jamanetworkopen.2020.37748; PMID: 33616664.

Amin AP, Spertus JA, Curtis JP, et al. The evolving landscape
of Impella use in the United States among patients
undergoing percutaneous coronary intervention with
mechanical circulatory support. Circulation 2020;141:273-84.
https://doi.org/10.1161/CIRCULATIONAHA119.044007;

PMID: 31735078.

Thiele H, Zeymer U, Thelemann N, et al. Intraaortic balloon
pump in cardiogenic shock complicating acute myocardial
infarction: long-term 6-year outcome of the randomized
IABP-SHOCK I trial. Circulation 2019;139:395-403. https://
doi.org/10.1161/CIRCULATIONAHA118.038201;

PMID: 30586721.

Henriques JP, Remmelink M, Baan J Jr, et al. Safety and
feasibility of elective high-risk percutaneous coronary
intervention procedures with left ventricular support of the
Impella Recover LP 2.5. Am J Cardiol 2006;97:990-2.
https://doi.org/10.1016/j.amjcard.2005.10.037;

PMID: 16563902.

Burzotta F, Russo G, Previ L, et al. Impella: pumps overview
and access site management. Minerva Cardioangiol
2018;66(5):606-11. https://doi.org/10.23736/S0026-
472518.04703-5; PMID: 29687700.

Fincke R, Hochman JS, Lowe AM, et al. Cardiac power is the
strongest hemodynamic correlate of mortality in cardiogenic
shock: a report from the SHOCK trial registry. J Am Coll
Cardiol 2004;44:340—-8.https://doi.org/10.1016/j.
jacc.2004.03.060; PMID: 15261929.

Myat A, Patel N, Tehrani S, et al. Percutaneous circulatory
assist devices for high-risk coronary intervention. JACC
Cardiovasc Interv 2015;8:229-44. https://doi.org/10.1016/].
jcin.2014.07.030; PMID: 25700745.

. Head SJ, Holmes DR Jr, Mack MJ, et al. Risk profile and

3-year outcomes from the SYNTAX percutaneous coronary
intervention and coronary artery bypass grafting nested
registries. JACC Cardiovasc Interv 2012;5:618—25. https://doi.
0rg/10.1016/j.jcin.2012.02.013; PMID: 22721656.

Sukul D, Seth M, Dixon SR, et al. Clinical outcomes of
percutaneous coronary intervention in patients turned down
for surgical revascularization. Catheter Cardiovasc Interv
2017;90:94-101. https://doi.org/10.1002/ccd.26781;

PMID: 27651035.

. Serruys PW, Farooq V, Vranckx P, et al. A global risk

approach to identify patients with left main or 3-vessel
disease who could safely and efficaciously be treated with
percutaneous coronary intervention: the SYNTAX trial at 3
years. JACC Cardiovasc Interv 2012;5:606-17. https://doi.
0rg/10.1016/j.jcin.2012.03.016; PMID: 22721655

. O’'Neill WW, Kleiman NS, Moses J, et al. A prospective,

randomized clinical trial of hemodynamic support with
Impella 2.5 versus intra-aortic balloon pump in patients
undergoing high-risk percutaneous coronary intervention:
the PROTECT Il study. Circulation 2012;126:1717-27. https://

20.

21.

22.

23.

24.

25.

26.

27.

doi.org/10.1161/CIRCULATIONAHA112.098194;
PMID: 22935569.

. Cohen MG, Ghatak A, Kleiman NS, et al. Optimizing

rotational atherectomy in high-risk percutaneous coronary
interventions: insights from the PROTECT Il study. Catheter
Cardiovasc Interv 2014;83:1057-64. https://doi.org/10.1002/
ccd.25277; PMID: 24174321.

. Kearney KE, McCabe JM, Riley RF. Hemodynamic support

for high-risk PCI. Cardiac Interventions Today 2019;13:44-8.
https:/citoday.com/articles/2019-jan-feb/hemodynamic-
support-for-high-risk-pci (accessed 11 January 2021)

. Vetrovec G, Kaki A, Dahle T. A review of bleeding risk with

impella-supported high-risk percutaneous coronary
intervention. Heart Int 2020;14:92-9. https://doi.org/10.17925/
HI.2020.14.2.92.

Redfors B, Watson B, McAndrew T, et al. Mortality, length of
stay, and cost implicationsof procedural bleeding after
percutaneous interventions using large-bore catheters.
JAMA Cardiol 2017;2:798-802. https://doi.org/10.1001/
jamacardio.2017.0265; PMID: 28315573.

. Shaefi S, O’Gara B, Kociol RD, et al. Effect of cardiogenic

shock hospital volume on mortality in patients with
cardiogenic shock. J Am Heart Assoc 2015;4:001462. https://
doi.org/10.1161/JAHA114.001462; PMID: 25559014.

. Mebazaa A, Combes A, van Diepen S, et al. Management of

cardiogenic shock complicating myocardial infarction.
Intensive Care Med 2018;44:760-73. https://doi.org/10.1007/
500134-018-5214-9; PMID: 29767322.

Ouweneel DM, Engstrom AE, Sjauw KD, et al. Experience
from a randomized controlled trial with Impella 2.5 versus
IABP in STEMI patients with cardiogenic pre-shock. Lessons
learned from the IMPRESS in STEMI trial. Int J Cardliol
2016;202:894-6. https://doi.org/10.1016/}.ijcard.2015.10.063;
PMID: 26476989.

Seyfarth M, Sibbing D, Bauer |, et al. A randomized clinical
trial to evaluate the safety and efficacy of a percutaneous
left ventricular assist device versus intra-aortic balloon
pumping for treatment of cardiogenic shock caused by
myocardial infarction. J Am Coll Cardiol 2008;52:1584-8.
https://doi.org/10.1016/j.jacc.2008.05.065; PMID: 19007597.
Tehrani B, Truesdell A, Singh R, et al. Implementation of a
cardiogenic shock team and clinical outcomes (INOVA-
SHOCK Registry): observational and retrospective study.
JMIR Res Protoc 2018;7:e160. https://doi.org/10.2196/
resprot.9761; PMID: 29954728.

Flaherty MP, Khan AR, O’Neill WW. Early initiation of Impella
in acute myocardial infarction complicated by cardiogenic
shock improves survival: a meta-analysis. JACC Cardiovasc
Interv 2017;10:1805—6. https://doi.org/10.1016/.
jcin.2017.06.027; PMID: 28882288.

O’Neill WW, Schreiber T, Wohns DH, et al. The current use of
Impella 2.5 in acute myocardial infarction complicated by
cardiogenic shock: results from the USpella registry. J Interv
Cardiol 2014;27:1-11. https://doi.org/10.1111/joic.12080;

PMID: 24329756.

Basir MB, Kapur NK, Patel K, et al. Improved outcomes
associated with the use of shock protocols: updates from
the National Cardiogenic Shock Initiative. Catheter Cardiovasc
Interv 2019;93:1173-83. https://doi.org/10.1002/ccd.28307;
PMID: 31025538.

O’Neill WW, Grines C, Schreiber T, et al. Analysis of
outcomes for 15,259 US patients with acute myocardial
infarction cardiogenic shock (AMICS) supported with the
Impella device. Am Heart J 2018;202:33-8. https://doi.
0rg/10.1016/j.ahj.2018.03.024; PMID: 29803984.

Saxena A, Garan AR, Kapur NK, et al. Value of hemodynamic
monitoring in patients with cardiogenic shock undergoing
mechanical circulatory support. Circulation 2020;141:1184-97.
https://doi.org/10.1161/CIRCULATIONAHA.119.043080;

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

INTERVENTIONAL CARDIOLOGY: REVIEWS, RESEARCH, RESOURCES

www.ICRjournal.com

PMID: 32250695.

Jozwiak M, Monnet X, Teboul JL. Less or more
hemodynamic monitoring in critically ill patients. Curr Opin
Crit Care 2018;24:309-15. https://doi.org/10.1097/
MCC.0000000000000516; PMID: 29889132.

Kuchibhotla S, Esposito ML, Breton C, et al. Acute
biventricular mechanical circulatory support for cardiogenic
shock. J Am Heart Assoc 2017;6:€006670. https://doi.
0rg/10.1161/JAHA117.006670; PMID: 29054842.

Lim HS, Gustafsson F. Pulmonary artery pulsatility index:
physiological basis and clinical application. Eur J Heart Fail
2020;22:32-8. https://doi.org/10.1002/ejhf1679;

PMID: 31782244.

Kang G, Ha R, Banerjee D. Pulmonary artery pulsatility index
predicts right ventricular failure after left ventricular assist
device implantation. J Heart Lung Transplant 2016;35:67-73.
https://doi.org/10.1016/j.healun.2015.06.009;

PMID: 26212656.

Morine KJ, Kiernan MS, Pham DT, et al. Pulmonary artery
pulsatility index is associated with right ventricular failure
after left ventricular assist device surgery. J Card Fail
2016;22:110-6. https://doi.org/10.1016/.cardfail.2015.10.019;
PMID: 26564619.

Ziemba EA, John R. Mechanical circulatory support for
bridge to decision: which device and when to decide. J Card
Surg 2010;25:425-33. https://doi.org/10.1111/.1540-8191.
2010.01038.x; PMID: 20412350.

Mathur M, Hira RS, Smith BM, et al. Fully percutaneous
technique for transaxillary implantation of the Impella CP.
JACC Cardiovasc Interv 2016;9:1196-8. https://doi.org/10.1016/j.
jcin.2016.03.028; PMID: 27282605.

Tayal R, Barvalia M, Reana Z, et al. Totally percutaneous
insertion and removal of impella device using axillary artery
in the setting of advanced peripheral artery disease. J
Invasive Cardiol 2016;28:374-80. PMID: 27430667.

Anderson M, Smith D, Kane P, et al. Impella 5.5 direct aortic
implant and explant techniques. Ann Thorac Surg 2021;111:
e373-5. https://doi.org/10.1016/j.athoracsur.2020.09.069;
PMID: 33345787.

Cheung AW, White CW, Davis MK, Freed DH. Short-term
mechanical circulatory support for recovery from acute right
ventricular failure: clinical outcomes. J Heart Lung Transplant
2014;33:794-9. https://doi.org/10.1016/j.healun.2014.02.028;
PMID: 24726682.

Myers TJ. Temporary ventricular assist devices in the
intensive care unit as a bridge to decision. AACN Adv Crit
Care 2012;23:55-68. https://doi.org/10.4037/
NCI.0b013e318240e369; PMID: 22290091.

Wollmuth J, Korngold E, Croce K, Pinto DS. The Single-
access for Hi-risk PCI (SHiP) technique. Catheter Cardiovasc
Interv 2020;96:114—6. https://doi.org/10.1002/ccd.28556;
PMID: 31654483.

Roberts N, Chandrasekaran U, Das S, et al. Hemolysis
associated with Impella heart pump positioning: in vitro
hemolysis testing and computational fluid dynamics
modeling. Int J Artif Organs 2020:391398820909843. https://
doi.org/10.1177/0391398820909843; PMID: 32126866.
Esposito ML, Morine KJ, Annamalai SK, et al. Increased
plasma-free hemoglobin levels identify hemolysis in patients
with cardiogenic shock and a trans valvular micro-axial flow
pump. Artif Organs 2019;43:125-31. https://doi.org/10.1111/
aor13319; PMID: 30216467.

Badiye AP, Hernandez GA, Novoa |, Chaparro SV. Incidence
of hemolysis in patients with cardiogenic shock treated with
impella percutaneous left ventricular assist device. ASAIO J
2016;62:11-4. https://doi.org/10.1097/
MAT.0000000000000290; PMID: 26418208.

van Wiechen MP, Tchetche D, Ooms JF, et al. Suture- or
plug-based large-bore arteriotomy closure: a pilot


https://doi.org/10.1161/CIRCINTERVENTIONS.118.007270
https://doi.org/10.1161/CIRCINTERVENTIONS.118.007270
https://doi.org/10.1007/s00392-017-1182-2
https://doi.org/10.1007/s00392-017-1182-2
https://doi.org/10.1001/jamanetworkopen.2020.37748
https://doi.org/10.1001/jamanetworkopen.2020.37748
https://doi.org/10.1161/CIRCULATIONAHA.119.044007
https://doi.org/10.1161/CIRCULATIONAHA.118.038201
https://doi.org/10.1161/CIRCULATIONAHA.118.038201
https://doi.org/10.1016/j.amjcard.2005.10.037
https://doi.org/10.23736/S0026-4725.18.04703-5
https://doi.org/10.23736/S0026-4725.18.04703-5
https://doi.org/10.1016/j.jacc.2004.03.060
https://doi.org/10.1016/j.jacc.2004.03.060
https://doi.org/10.1016/j.jcin.2014.07.030
https://doi.org/10.1016/j.jcin.2014.07.030
https://doi.org/10.1016/j.jcin.2012.02.013
https://doi.org/10.1016/j.jcin.2012.02.013
https://doi.org/10.1002/ccd.26781
https://doi.org/10.1016/j.jcin.2012.03.016
https://doi.org/10.1016/j.jcin.2012.03.016
https://doi.org/10.1161/CIRCULATIONAHA.112.098194
https://doi.org/10.1161/CIRCULATIONAHA.112.098194
https://doi.org/10.1002/ccd.25277
https://doi.org/10.1002/ccd.25277
https://citoday.com/articles/2019-jan-feb/hemodynamic-support-for-high-risk-pci
https://citoday.com/articles/2019-jan-feb/hemodynamic-support-for-high-risk-pci
https://doi.org/10.17925/HI.2020.14.2.92
https://doi.org/10.17925/HI.2020.14.2.92
https://doi.org/10.1001/jamacardio.2017.0265
https://doi.org/10.1001/jamacardio.2017.0265
https://doi.org/10.1161/JAHA.114.001462
https://doi.org/10.1161/JAHA.114.001462
https://doi.org/10.1007/s00134-018-5214-9
https://doi.org/10.1007/s00134-018-5214-9
https://doi.org/10.1016/j.ijcard.2015.10.063
https://doi.org/10.1016/j.jacc.2008.05.065
https://doi.org/10.2196/resprot.9761
https://doi.org/10.2196/resprot.9761
https://doi.org/10.1016/j.jcin.2017.06.027
https://doi.org/10.1016/j.jcin.2017.06.027
https://doi.org/10.1111/joic.12080
https://doi.org/10.1002/ccd.28307
https://doi.org/10.1016/j.ahj.2018.03.024
https://doi.org/10.1016/j.ahj.2018.03.024
https://doi.org/10.1161/CIRCULATIONAHA.119.043080
https://doi.org/10.1097/MCC.0000000000000516
https://doi.org/10.1097/MCC.0000000000000516
https://doi.org/10.1161/JAHA.117.006670
https://doi.org/10.1161/JAHA.117.006670
https://doi.org/10.1002/ejhf.1679
https://doi.org/10.1016/j.healun.2015.06.009
https://doi.org/10.1016/j.cardfail.2015.10.019
https://doi.org/10.1111/j.1540-8191.2010.01038.x
https://doi.org/10.1111/j.1540-8191.2010.01038.x
https://doi.org/10.1016/j.jcin.2016.03.028
https://doi.org/10.1016/j.jcin.2016.03.028
https://doi.org/10.1016/j.athoracsur.2020.09.069
https://doi.org/10.1016/j.healun.2014.02.028
https://doi.org/10.4037/NCI.0b013e318240e369
https://doi.org/10.4037/NCI.0b013e318240e369
https://doi.org/10.1002/ccd.28556
https://doi.org/10.1177/0391398820909843
https://doi.org/10.1177/0391398820909843
https://doi.org/10.1111/aor.13319
https://doi.org/10.1111/aor.13319
https://doi.org/10.1097/MAT.0000000000000290
https://doi.org/10.1097/MAT.0000000000000290

The Impella Devices: A Review

44

45.

46.

randomized controlled trial. JACC Cardiovasc Interv
2021;14:149-57. https://doi.org/10.1016/j.jcin.2020.09.052;
PMID: 33358648.

Lata K, Kaki A, Grines C, et al. Pre-close technique of
percutaneous closure for delayed hemostasis of large-bore
femoral sheaths. J Interv Cardiol 2018;31:504-10. https://doi.
org/10.1111/joic.12490; PMID: 29405431.

Kaki A, Blank N, Alraies MC, et al. Access and closure
management of large bore femoral arterial access. J Interv
Cardiol 2018;31:969-77. https://doi.org/10.1111/joic.12571;
PMID: 30456854.

Hohlfelder B, Militello MA, Tong MZ, et al. Anticoagulation
with temporary Impella device in patients with heparin-
induced thrombocytopenia: a case series. Int J Artif Organs
2021;44:367-70. https://doi.org/10.1177/0391398820964810;

47.

48.

49.

50.

PMID: 33050762.

Sandoval Y, Burke MN, Lobo AS, et al. Contemporary arterial
access in the cardiac catheterization laboratory. JACC
Cardiovasc Interv 2017;10:2233-41. https:/doi.org/10.1016/j.
jcin.2017.08.058; PMID: 29169493.

US Food and Drug Administration. Impella XR sheath set.
510(k) premarket notification. 12 December 2020. https:/
www.accessdata.fda.gov/cdrh_docs/pdf20/K202330.pdf
(accessed 11 January 2022)

BREETHE OXY-1 System. 2020. https://www.abiomed.com/
products-and-services/abiomed-breethe-oxy-1-system
(accessed 11 January 2022).

Patel SM, Lipinski J, Al-Kindi SG, et al. Simultaneous
venoarterial extracorporeal membrane oxygenation and
percutaneous left ventricular decompression therapy with

51.

52.

INTERVENTIONAL CARDIOLOGY: REVIEWS, RESEARCH, RESOURCES

www.ICRjournal.com

impella is associated with improved outcomes in refractory
cardiogenic shock. ASAIO J 2019;65:21-8. https://doi.
0rg/10.1097/MAT.0000000000000767; PMID: 29489461.
Vallabhajosyula S, O’Horo J, Antharam P, et al. Venoarterial
extracorporeal membrane oxygenation with concomitant
impella versus venoarterial extracorporeal membrane
oxygenation for cardiogenic shock. ASAIO J 2020;66:497—
503. https://doi.org/10.1097/MAT.0000000000001039;
PMID: 31335363.

Kapur NK, Alkhouli MA, DeMartini TJ, et al. Unloading the
left ventricle before reperfusion in patients with anterior
ST-segment-elevation myocardial infarction. Circulation
2019;139:337-46. https://doi.org/10.1161/
CIRCULATIONAHA.118.038269; PMID: 30586728.


https://doi.org/10.1016/j.jcin.2020.09.052
https://doi.org/10.1111/joic.12490
https://doi.org/10.1111/joic.12490
https://doi.org/10.1111/joic.12571
https://doi.org/10.1177/0391398820964810
https://doi.org/10.1016/j.jcin.2017.08.058
https://doi.org/10.1016/j.jcin.2017.08.058
https://www.accessdata.fda.gov/cdrh_docs/pdf20/K202330.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf20/K202330.pdf
https://doi.org/10.1097/MAT.0000000000000767
https://doi.org/10.1097/MAT.0000000000000767
https://doi.org/10.1097/MAT.0000000000001039
https://doi.org/10.1161/CIRCULATIONAHA.118.038269
https://doi.org/10.1161/CIRCULATIONAHA.118.038269

