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ABSTRACT

Ischemic heart disease is the most common cause of death worldwide. In patients with ST-segment elevation myocardial infarction
(STEMI), optimizing primary percutaneous coronary intervention is crucial to improve prognosis. Over the years, many studies
have been published on the value of second-generation stents, strategies to reduce myocardial damage, how to achieve complete
revascularization and also on percutaneous mechanical circulatory support devices, which all are attractive therapeutic options to
treat patients with STEMI complicated by cardiogenic shock. In this review we will be discussing how primary percutaneous
coronary intervention can be optimized with respect to stent selection and revascularization strategy to reduce myocardial damage
and improve clinical outcomes. In addition, we review published data on the use of mechanical circulatory support devices in
patients with STEMI complicated by cardiogenic shock.

Keywords: ST-segment elevation myocardial infarction. Percutaneous coronary intervention. Drug-eluting stent. Cardiogenic shock.

Intervencionismo en el infarto de miocardio con elevacion del segmento ST:
estado actual y perspectivas de futuro

RESUMEN

La cardiopatia isquémica es la causa mas comun de mortalidad en todo el mundo. En pacientes con infarto agudo de miocardio
con elevacién del segmento ST (IAMCEST), la optimizacién de la intervencion coronaria percutanea primaria es crucial para mejorar
el prondstico. Durante estos tltimos afios, se han publicado muchos estudios sobre el valor de los stents de segunda generacion,
sobre estrategias para reducir el dafio miocéardico, sobre como conseguir la revascularizacién completa y finalmente también sobre
dispositivos de apoyo circulatorio mecanico percutaneo que representan una opcidén terapéutica atractiva en pacientes con infarto
agudo de miocardio con elevacién del segmento ST (IAMCEST) complicado con shock cardiogénico. En esta revisién discutimos
como se puede optimizar la intervencién coronaria percutdnea primaria con respecto a la seleccion de stents y estrategia de
revascularizacion, con el fin de reducir el dafio miocardico y mejorar los resultados clinicos. Ademas, revisamos los datos publicados
sobre el uso de dispositivos de apoyo circulatorio mecanico en pacientes con IAMCEST complicado por shock cardiogénico.

Palabras clave: Infarto de miocardio con elevacién del segmento ST. Intervencién coronaria percutdnea. Stent farmacoactivo. Shock
cardiogénico.
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CS: cardiogenic shock. DES: drug-eluting stents. IABP: intra-aortic balloon pump. LV: left ventricle. MVD: multivessel coronary artery
disease. PCI: percutaneous coronary intervention. STEMI: ST-segment elevation myocardial infarction. VA-ECMO: venoarterial
extracorporeal membrane oxygenation.
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INTRODUCTION

Ischemic heart disease is the leading cause of death across the
world. Over the last few decades, thanks to the improvements
made in reperfusion and antithrombotic therapies, and primary
prevention, the relative rates of ST-segment elevation myocardial
infarction (STEMI) and long-term and acute mortality have
decreased significantly.! However, despite this reduction, the
mortality rate of patients with STEMI is still substantial with in-hos-
pital mortality rates ranging from 4% to 12%, and a 1-year follow-up
mortality rate close to 10%.%*

In STEMI patients, mortality depends on various factors like the
Killip classification at presentation, old age, the presence of cardio-
vascular risk factors, left ventricular function, the spread of the
disease in the coronary arteries, and the delayed administration of
reperfusion therapy. An early diagnosis and restoration of myocar-
dial blood flow from symptom onset are essential to optimize
myocardial salvage and lower the mortality rate.® Primary percuta-
neous coronary intervention (PCI) is the reperfusion strategy of
choice in STEMI patients if timely performed.® Optimizing the
primary reperfusion strategy is essential to reduce myocardial
damage and prevent further reperfusion lesions.

The objective of this review is to give a general overview on current
and future percutaneous devices that can potentially improve the
benefit of primary PCI including stents, revascularization strategies,
and mechanical circulatory support devices for the management of
STEMI complicated with cardiogenic shock (CS) like the intra-aortic
balloon pump (IABP), the Impella device (Abiomed, Danvers,
Massachusetts, United States), TandemHeart (Pittsburgh, Pensil-
vania, United States), and venoarterial extracorporeal membrane
oxygenation (VA-ECMO).

THROMBUS ASPIRATION

Intracoronary thrombus can be found in most STEMI patients.
Distal embolization has been reported in 5% to 10% of the cases
and can cause obstruction what worsens the results. Some time
ago, the thrombectomy technique was proposed as a coadjuvant
therapy to help restore the coronary blood flow at epicardial level
by reducing the chances of distal embolization, the no-reflow
phenomenon, and the size of the infarction. Also, it could reduce
the thrombotic load prior to stent implantation, thus reducing the
rate of associated complications due to stent malapposition. Manual
thrombus aspiration was systematically recommended in primary
PCI following small randomized clinical trials and a meta-analysis
that showed reperfusion improvement with lower cardiovascular
mortality rates.”® However, after the publication of 2 large statis-
tically powered randomized clinical trials to detect the superiority
of routine manual aspiration vs PCI, only 1 change in the recom-
mendation has occurred.® Neither the TOTAL (N = 10732 patients)
nor the TASTE (N = 7244 patients) clinical trials showed any
differences with the thrombectomy in the clinical outcomes
compared to the PCI alone.'”!! Also, the TOTAL trial posed a
safety issue associated with a higher risk of stroke in patients
treated with thrombectomy compared to those treated with PCI
alone.!?

Based on these data, thrombus aspiration is now not recommended
as a routine strategy in STEMI patients treated with a PCI primary
PCI. However, it can be considered in patients with high throm-
botic load after vessel recanalization. A subanalysis of the EXAM-
INATION trial (N = 1498) confirmed that the use of thrombectomy
was associated with a higher rate of direct stenting, a lower rate of
postdilatation, and a smaller number of stents implanted with a
larger stent size.!> However, the optimized angiographic result did
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not impact the long-term outcomes since no differences were seen
in the clinical endpoints reported between the arms at the 2-year
follow-up.

SELECTING THE TYPE OF STENT

Coronary stent implantation is the recommended therapy during
a primary PCI for the management of STEMI patients. Direct
stenting without predilatation in STEMI culprit lesions can reduce
the embolization of the plaque components, the rate of no-reflow
phenomenon, and increase myocardial perfusion.'* This hypothesis
was confirmed in the post-hoc analysis of the HORIZONS-AMI trial
and the EUROTRANSFER registry; both showed a lower mortality
rate at the 1-year follow-up associated with the use of direct
stenting.!®1®

Delayed stent implantation after restoring coronary flow has also
been proposed through a minimalistic mechanical procedure to
reduce the risk of no-reflow phenomenon.!” Several observational
trials showed benefits in terms of an improved left ventricular
ejection fraction and a lower rate of adverse events with the delayed
compared to the immediate stent implantation strategy in STEMI
patients.'®!° Also, a proof-of-concept randomized clinical trial
(DEFER-STEMI, N = 411) reported a lower no-reflow phenomenon
rate with the delayed stent implantation strategy in a population of
patients with STEMI.? However, the DANAMI 3-DEFER trial
randomized 1215 STEMI patients to receive delayed vs immediate
stent implantation. At the 2-year follow-up no differences were seen
in the primary endpoint of all-cause mortality, hospital admission
due to heart failure, recurrent infarction, and any unplanned revas-
cularizations between the study groups (18% vs 17%; hazard ratio
[HR], 0.99; 95% confidence interval [95%CI], 0.76-1.29; P = .92).?!
Afterwards, the MIMI randomized clinical trial (N = 140), that
excluded patients with a high thrombotic load, and the INNOVA-
TION trial (N = 114) did not show any changes either in the
infarction size or microvascular obstruction with the delayed
compared to the immediate stent implantation strategy.?>%* Finally,
a meta-analysis of randomized and observational clinical trials
found no improvement either in the rates of no-reflow, death,
myocardial infarction or repeat revascularizations with the delayed
stent implantation strategy for the management of STEMI.?*
Surprisingly, an improved left ventricular (LV) function was
reported in the long-term. For all these reasons, to this date, the
delayed stent implantation strategy is ill-advised in the primary
PCL

Another aspect to be taken into consideration before performing a
primary PCI is what device should be implanted. Several random-
ized clinical trials and meta-analyses assessing first-generation
drug-eluting stents (DES), whether sirolimus or paclitaxel, showed
lower in-stent restenosis and target lesion revascularization rates
compared to conventional bare metal stents (BMS).?>"*? However,
safety concerns soon appeared given the high rate of late throm-
bosis associated with first-generation DES.%¥%

To overcome this problem, second-generation DES with different
drugs, thinner struts, and durable or bioresorbable polymers more
biocompatible have been designed. The COMFORTABLE AMI
clinical trial randomized 1161 STEMI patients on a 1:1 ratio to
receive a BMS or a biodegradable polymer biolimus-eluting stent.
At the 1-year follow-up a lower rate of major adverse cardiovas-
cular events was reported in the biolimus-eluting group compared
to the BMS group (4.3% vs 8.7%; HR, 0.49; 95%CI, 0.30-0.80;
P = .044) mainly triggered by a lower risk of spontaneous myocar-
dial infarction and target lesion revascularization.®® Similarly, at
the 2-year follow-up a lower rate of major adverse cardiovascular
events was reported in the biolimus-elutin group (5.8% vs 11.9%;
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HR, 0.48; 95%CI, 0.31-0.72]; P < .001).?” Both at the 1- and 2-year
follow-ups, the rates of definitive or probable stent thrombosis
were also numerically lower with the DES although not statisti-
cally significant.*®*"

The EXAMINATION clinical trial***° randomized 1498 STEMI
patients to receive a second-generation everolimus-eluting stent
(EES) or a BMS. At the 1-year follow-up, the EES was superior to
the BMS with a significantly lower rate of definitive thrombosis,
and definitive or probable thrombosis (0.5% vs 1.9%, and 0.9%
vs 2.5%, respectively; P = .019 for both]).*® Also, at the 5-year
follow-up, the rate of all-cause mortality was significantly lower
in the EES group compared to the BMS group (9% vs 12%; HR,
0.72; 95%CI, 0.52-0.10]; P = .047)*°. Also, a meta-analysis of both
the EXAMINATION and the CONFORTABLE-AMI clinical trials
found a significant reduction of the risk of definitive thrombosis
with the use of the DES (HR, 0.35; 95%CI, 0.16-0.75; P = .006)
compared to the BMS.** Given the conclusions of these clinical
trials, the DES is currently the device of choice according to the
recommendations established in the clinical practice guidelines
published by the European Society of Cardiology on the manage-
ment of STEMI.®

The researchers of the EXAMINATION trial investigators have
recently reported that the 10-year follow-up results confirm the
superiority of EES over BMS in terms of patient or device related
cardiovascular adverse events. Between the 5- and the 10-year
follow-up periods, a low rate of adverse cardiovascular events was
associated with failed devices.*!

Fully bioresorbable vascular scaffolds (BVS) were introduced to
overcome the long-term limitation of the permanent presence of
metal within the coronary artery. The data on their use for the
management of STEMI is still limited. Although unavailable for
clinical use, we believe the existing data should be discussed. The
early experiences with the Absorb BVS (Abbott Vascular, Illinois,
United States) for the management of STEMI showed positive and
negative clinical results alike.*”** The TROFI II clinical trial
randomized 191 STEMI patients to receive a BVS or a EES and
found no differences between the 2 regarding scarring of the
infarct-related artery.** However, other studies showed disturbing
data following the high rate of thrombosis with the BVS device. In
the BVS EXAMINATION clinical trial, the safety and efficacy
profile of BVS vs EES was compared in STEMI patients. At the
1- and 2-year follow-up periods, no differences were found in
the device-oriented composite endpoint between both groups.*®*7
We should mention that at the 2-year follow-up, the rate of defin-
itive thrombosis was often higher in the BVS group compared to
the EES group (3.3% vs 1.0%; P = .081). At the 5-year follow-up, the
risk of the device-oriented composite endpoint was higher in
the BVS group, indicative that the chances of obtaining favorable
outcomes at a very long-term follow-up is low.*®

The BVS STEMI STRATEGY-IT clinical trial was designed to reduce
the rate of adverse events. It proved that a prespecified BVS implan-
tation strategy in STEMI patients treated with a primary PCI was
feasible and yielded good clinical outcomes at the 30-day and 1-year
follow-up periods (rate of device thrombosis between 0.2 and 0.4%,
respectively).*9:50

We should mention that the long-term results of randomized clinical
trials that proved a significantly higher rate of BVS thrombosis were
the reason of their withdrawal from the market.®"3

The Magmaris (Biotronik, Biilach, Switzerland) is a magne-
sium-based bioresorbable sirolimus-eluting stent. It has shown
promising early results at the 1-year follow-up in stable patients
with very limited data on STEMI.>* The MAGSTEMI trial is the
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only randomized clinical trial that compared the efficacy and safety
profile of the Magmaris device in STEMI patients.®® This study
randomized 150 patients to receive a primary PCI with Magmaris
vs sirolimus-eluting stents using a prespecified implantation tech-
nique. Compared to the sirolimus-eluting stent, the Magmaris
device showed a greater capacity of vasomotor response to drug
agents (whether independent from the endothelium or endotheli-
um-dependent) at the 1-year follow-up. However, the Magmaris
device was associated with a lower angiographic efficacy and a
higher rate of clinical restenosis, but no thrombotic issues.°® In the
prespecified MAGSTEMI-optical coherence tomography substudy,
both the Magmaris and the sirolimus-eluting stent showed a low
degree of neointimal healing. However, lumen dimensions were
smaller with the Magmaris at the 1-year follow-up. Although
Magmaris advanced bioresorption state complicates the assessment
of the scaffold, this seems to be the main mechanism of reste-
nosis.”” % Cases of significant delayed resorption of the Magmaris
device have been reported, and intraluminal scaffold remnants
have been found 2 years after implantation.®

MULTIVESSEL CORONARY ARTERY DISEASE

Around 50% of STEMI patients show multivessel coronary artery
disease (MVD).® Multiple clinical trials have studied the best revas-
cularization strategy: treat the culprit lesion only vs complete
revascularization. The PRAMI trial randomized 465 patients with
STEMI and MVD to culprit lesion treatment only or revasculariza-
tion of all obstructive lesions (angiographic stenosis > 50%) during
the index procedure. Complete revascularization during the index
procedure was associated with a 65% lower relative risk in the
primary endpoint (cardiac death, infarction or refractory angina)
compared to treating the culprit lesion only.°! Similarly, the
CvLPRIT trial (N = 269) showed that complete revascularization
(angiographic stenosis > 70%) during the index hospitalization was
superior to the PCI of the infarct-related lesion only in the composite
endpoint of death, reinfarction, heart failure, and repeat revascu-
larization at the 12-month follow-up.**

Measuring the fractional flow reserve of coronary flow to guide the
need for non-culprit lesion revascularization has been proposed.
The DANAMI-3-PRIMULTI trial (N = 627) proved that fractional
flow reserve-guided complete revascularization significantly
reduced the risk of future cardiovascular adverse events compared
to any other invasive procedure after the primary PCI. This effect
is due to a significantly lower number of repeat revascularization
procedures because the rates of all-cause mortality and non-fatal
reinfarction did not vary between the groups.®® Also, the Compare-
Acute trial (N = 885) proved that fractional flow reserve-guided
complete revascularization during the index procedure significantly
reduced the rate of cardiovascular adverse events.*

The COMPLETE clinical trial included 4041 patients randomized
to complete revascularization vs culprit lesion therapy who were
followed for up to 3 years. Complete revascularization was supe-
rior to the PCI only in the culprit lesion to reduce the risk of
cardiovascular death or myocardial infarction, and the risk of
cardiovascular death, myocardial infarction or ischemia-induced
revascularization.®® Currently, the BioVasc trial (NCT03621501) is
studying how to optimize the treatment algorithm for patients with
acute coronary syndrome with MVD to find out what the best time
is to perform complete revascularization, whether immediate or
delayed.®®

According to the current guidelines of the European Society of
Cardiology, during hospitalization and before hospital discharge,
the complete revascularization of the non-culprit lesions of patients
with STEMI and MVD should be considered.” However, this
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Table 1. Technical characteristics of percutaneous mechanical circulatory support devices currently available
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BIAC

Impella

TandemHeart

ECMO-VA

Hemodynamic effect

Unloading of LV pressure and
volume

Unloading of LV pressure
and volume

Unloading of LV volume

Unloading of RV and LV pressure
and volume

Mechanism

Aorta

LV to the aorta

LA to the aorta

RA to the aorta

Heart blood flow

0.3 L/min to 0.5 L/min

1 L/min to 5 L/min

2.5 L/min to 5 L/min

3.0 L/min to 7.0 L/min

Peripheral resistances 1 l T T
Size 8 Fr 13-Fr to 22-Fr 21-Fr inflow cannula and 15-Fr 18-Fr to 21-Fr inflow cannula and
to 17-Fr outflow cannula 15-Fr to 22-Fr outflow cannula
Implantation complexity Low - Moderate with Impella 2.5 High High
- High with Impella 5.0
Recommended use duration Weeks 7 days 14 days 7 days

Contraindications

- Severe aortic regurgitation
- Aortic dissection

- Severe peripheral vascular
disease

- Severe aortic valvular heart
disease

- Aortic mechanic valve

- Thrombus in the LV

- Severe peripheral vascular
disease

- Contraindication

to anticoagulation

- Severe peripheral vascular
disease

- Thrombus in the LA

- Contraindication to
anticoagulation

- Moderate-to-severe aortic
regurgitation

- Interventricular septal defect

- Moderate-to-severe aortic
regurgitation

- Severe peripheral vascular
disease

- Contraindication to
anticoagulation

Complications™

- Thrombocytopenia

- Thrombosis

- Arterial flow obstruction
due to incorrect positioning

- Aortic dissection or rupture
- Plaque or air embolism

- Hemolysis

- Device migration

- Lesion or aortic failure

- LV perforation or tamponade
- Ventricular arrhythmia

- Migration of the cannula

- LV perforation or tamponade

- Thromboembolism

- Air embolism during the insertion
of the cannula

- Development of interatrial shunt

- Circuit thrombosis

- Upper body hypoxia due
to incomplete retrograde
oxygenation

- LV dilatation

- Systemic gas embolism

* Complications that are common to all devices: bleeding and infections associated or not with puncture site, vascular complication, and neurological damage. Fr, French sizing;

IABP, intra-aortic balloon pump; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; VA-ECMO, venoarterial extracorporeal membrane oxygenation.

indication is likely to change after the publication of the upcoming
COMPLETE trial clinical results.

In the specific case of CS-complicated STEMI patients, the CULPRIT-
SHOCK trial randomized 1075 patients with CS-complicated STEMI
with MVD to be treated with a PCI on the infarct-related artery or
a multivessel PCI of all lesions (angiographic stenosis > 70%). Both
at the 30-day and 1-year follow-up, the PCI performed on the culprit
lesion only significantly reduced the risk of death or renal replace-
ment therapy.®”% This difference was mainly triggered by a signifi-
cantly lower mortality rate. In this sense, the European Society of
Cardiology published an update of its guidelines on the management
of STEMI where, in the presence of STEMI with CS and MVD only
the culprit lesion of the acute event should be treated.®

CARDIOGENIC SHOCK

Around 5% to 8% of STEMI patients also show CS, which is defined
as persistent hypotension (systolic pressure < 90 mmHg) with signs
of peripheral hypoperfusion. CS is one of the leading causes of
death with in-hospital mortality rates that can be over 50%.” In
patients with CS refractory to drug therapy, percutaneous mechan-
ical circulatory support can help reduce the LV workload and
oxygen demand, keep organs and coronary arteries perfused, and
stand as a bridging therapy to a more definitive therapy.”>"
Currently, we have assist devices from the LV to the aorta (IABP
and Impella), from the left atrium to systemic arterial circulation
(TandemHeart), and from the right atrium to systemic arterial
circulation (VA-ECMO). The technical characteristics of percuta-
neous mechanical circulatory support systems currently available
are shown on table 1.

Left ventricular assist device to the aorta
Intra-aortic balloon pump

Intra-aortic balloon pump (IABP) has been the most commonly used
mechanical support device until 2010. After this year, its use
dropped significantly after some clinical trial results questioned its
efficacy.” It requires an 8-Fr introducer sheath into the femoral or
axillary arteries and consists of a balloon mounted over a catheter
that is placed in the descending aorta. The balloon is inflated during
diastole and deflated during systole. The IABP increases the
diastolic aortic pressure, reduces the aortic systolic pressure,
increases the mean systemic arterial pressure, reduces the LV
volume and diastolic pressure, and increases the coronary perfusion
pressure. However, the hemodynamic support provided by the
IABP is strictly associated with the LV function since it is less
effective when it shows severe dysfunction.

Observational trials and meta-analyses have traditionally supported
the use of IABP in CS-complicated STEMI.”7® However, prospective
clinical trials have showed no benefit whatsoever from the IABP
therapy in patients with STEMI with or without CS. The CRISP AMI
trial (N = 337) showed that IABP implantation right before the PCI
to treat an anterior STEMI without CS did not reduce the size of the
infarction or improve the short-term survival rate.”” The TACTICS
trial randomized 57 patients with acute myocardial infarction and 48
hours of fibrinolytic therapy to receive the IABP or optimal medical
therapy. This trial found no differences in the mortality endpoint at
the 6-month follow-up.”® Also, the IABP SHOCK trial® randomized 45
patients with STEMI and CS for IABP implantation or standard
medical therapy and found no significant hemodynamic improve-
ments after additional therapy with the IABP.”®



208

The IABP SHOCK II trial randomized 600 patients with STEMI
and CS not associated with mechanical complications to compare
IABP implantation the optimal medical therapy.®® It was expected
that all patients underwent early revascularization (predominantly
with PCI) and received the optimal medical attention available.
At the 30-day follow-up, no differences were seen in the all-cause
mortality rate between the IABP and the optimal medical therapy
(39.7% vs 41.3%; relative risk, 0.96; 95%CI, 0.79-1.17]; P = .69)
or in the length of the stay in the intensive care unit, renal
function, major bleeding, peripheral ischemic complications,
sepsis or stroke.®" At the 12-month follow-up, no differences were
seen either in the mortality rate and secondary endpoints
reported.®! A meta-analysis of 12 randomized clinical trials and 15
observational studies found no benefits from the IABP therapy in
the management of STEMI or in the 30-day mortality rate regard-
less of the presence (odds ratio [OR], 0.94; 95%CI, 0.69-1.28) or
absence (OR, 0.98; 95%CI, 0.57-1.69) of CS. Currently, based on
the available evidence, the European Society of Cardiology clin-
ical practice guidelines always contraindicate the IABP in patients
with CS.°

The Impella system

The Impella system is a continuous axial flow pump that is inserted
into the LV in a retrograde fashion through the aortic valve and
provides active support by expelling suctioned blood from the LV
into the ascending aorta, thus restoring blood flow to ischemic
organs.®” The Impella device increases the mean arterial pressure,
reduces the LV pressure and volume, and increases coronary flow.
It comes in 3 different sizes: 2.5 (maximum output, 2.5 L/min), 3.7
(Impella CP, maximum output, 3.7 L/min), and 5.0 (maximum
output, 5 L/min). The smallest devices can be placed percutane-
ously through a 12-Fr to 14-Fr introducer sheath and the 5.0 device
through a 22-Fr introducer sheath.®

Two large registries confirmed the safety of the Impella 2.5 system
in high-risk complex PCIs.?*%* The ISAR-SHOCK trial randomized
26 patients with STEMI and CS to receive the Impella 2.5 system
or the IABP. The endpoint, a change in the cardiac index from
baseline to 30 min after implantation, improved significantly in the
Impella group. However, secondary endpoints like lactic acidosis,
hemolysis, and mortality at the 30-day follow-up did not vary
between the 2 arms.®> At the 30-day follow-up, the cohort overall
mortality rate was 46%. The IMPRESS in Severe Shock clinical trial
randomized 48 patients with mechanical ventilation associated with
CS after STEMI to receive the Impella system or IABP implantation.
We should mention that the device was implanted at the discretion
of the treating physician. The trial proved that, compared to the
IABP, the Impella system did not reduce the 30-day mortality rate,
and the overall mortality rate at the 6-month follow-up was 50%.%°
Both vascular complications and major bleeding were more common
in the Impella group.

We should mention that, to date, the Impella device has not been
compared to standard therapy in patients with CS in a proper
statistically powered randomized clinical trial regarding relevant
clinical events. In this sense, the DanGer Shock clinical trial
(NCT01633502) will include 360 patients with STEMI and CS who
will be randomized to receive circulatory support with the Impella
system or standard medical therapy.®” The study is still recruiting
patients and its primary endpoint is all-cause mortality at the
6-month follow-up.

Back in 2018 a groundbreaking idea was introduced: the use of the
Impella system to unload the LV and, therefore, reduce the size of
myocardial infarction in animal models with STEMI but without
CS.%8 These animal models led to the design and conduction of the
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DTU-STEMI pilot study that randomized 50 STEMI patients without
CS to LV unloading with the Impella CP device or optimal medical
therapy. This trial revealed that LV unloading therapy prior to
STEMI reperfusion with the Impella device was feasible and not
associated with a significant delay in STEMI reperfusion.®” However,
the use of the unloading therapy was not associated with a reduced
infarction size at 1-month follow-up. Currently recruiting patients,
the DTU-STEMI clinical trial (NCT03947619) will be enrolling 668
patients to test the hypothesis of the use of the LV unloading
therapy with the Impella CP device to reduce the infarction size as
seen on the cardiovascular magnetic resonance imaging.

Left atrium-to-systemic circulation assist devices
TandemHeart

The TandemHeart is an extracorporeal ventricular assist device to
aspirate oxygenated blood from the left atrium and pump it into
the lower abdominal aorta or iliac arteries to avoid running through
the LV. The 21-Fr inflow cannula is inserted via femoral vein access
and advanced through the interatrial septum towards the left
atrium. The 15-Fr to 17-Fr outflow arterial cannula and the system
can provide up to 5 L/min of blood flow.”® The device basically
reduces the LV preload and left atrial volume by removing blood
from the left atrium, thus reducing the LV stress and workload. It
also increases the systemic mean arterial pressure and myocardial
perfusion.

There is little experience regarding registries and studies on this
device. Thiele et al.! informed on the use of this device in 18 patients
with STEMI and SC. The device provided up to 4 L/min of assisted
cardiac output. Patients improved their cardiac index and mean
arterial pressure, and reduced their pulmonary artery pressure,
pulmonary capillary wedge pressure, and central venous pressure
with an average 4 days on ventilatory assistance. Kar et al.””
published a series of 117 patients with CS treated with the Tandem-
Heart device that quickly reversed the end-stage hemodynamic
compromise seen in patients with STEMI and CS refractory to the
IABP and vasopressor support. A randomized clinical trial included
42 patients treated with the IABP (N = 14) or the TandemHeart
device (N = 19). The TandemHeart device improved the patients’
hemodynamic parameters significantly even in IABP-refractory
patients. However, the mortality rate was similar in both groups.”
To this date, we do not know of any other randomized clinical trials
on this technology.

Right atrium-to-systemic arterial circulation assist devices
Extracorporeal membrane oxygenation

VA-ECMO is a cardiopulmonary support system that aspirates blood
from the femoral vein or internal jugular vein through a 21-Fr
cannula. Through an artificial membrane lung, carbon dioxide is
eliminated and oxygen is added to venous blood to later return to
the arterial system through a 15-Fr to 22-Fr outflow cannula via the
femoral or axillary arteries.”’> One of the greatest advantages of
ECMO is that it can be implemented everywhere (emergency room,
cath lab, etc.) since it is fully portable and does not require fluoro-
scopic or echocardiographic guidance for a successful implantation.
This device provides circulatory support of up to 7 L/min in patients
with circulatory and respiratory failure. Some of its limitations are
that the VA-ECMO system cannot unload the LV, which can trigger
an increased afterload, which is in turn associated with LV disten-
sion, worsening of LV function, LV thrombus, and swelling or
untreatable alveolar hemorrhage.”* For these reasons it has been
proposed that ECMO should be administered with other devices like
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Figure 1. Current evidence and future perspectives of percutaneous coronary interventions for the management of ST-segment elevation myocardial infarction.
The green + sign indicates that the procedure is recommended by the European Society of Cardiology clinical practice guidelines; the red minus sign (-)
indicates that the procedure is not recommended; the yellow question mark (?) symbol indicates that there is not enough evidence (for or against) to
recommend it. ECMO, extracorporeal membrane oxygenation; STEMI, ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention.

the IABP and the Impella to reduce pulmonary artery pressures and
the dimensions of the LV.%° A multicenter, international cohort
study included 686 consecutive patients with CS (not due to STEMI
exclusively) treated with ECMO. Those patients who underwent LV
unloading with the Impella device had a better prognosis and a lower
mortality rate, but also higher rates of implantation related bleeding
and vascular complications.”” Other authors also recommend proce-
dures like percutaneous balloon atrial septostomy, to allow left-to-
right shunting, or the administration of dobutamine to improve
contractility and reduce the afterload.®*

Aortic regurgitation, aortic dissection, severe peripheral arterial
disease, and some ethical considerations are absolute contraindica-
tions to ECMO implantation.”® Active bleeding is a relative contra-
indication because ECMO requires heparin for anticoagulation;
however, it has been used in some high-risk patients without
heparin since it was the only strategy to save the patient's life.”®
Complications are mainly vascular like lower limb ischemia,
compartmental syndrome, major bleeding, stroke, air embolism,
and serious infection.”

Yet despite ECMO is widely used in experienced centers, the data
supporting its use in patients with acute myocardial infarction
complicated with CS are mostly single-center small case-series.
Sheu et al. conducted a single-center retrospective observational
registry that compared the clinical outcomes of patients with
STEMI treated with a primary PCI. The investigators studied 2

different timeframes:1993-2002 for the non-ECMO cohort and
2002-2009 for the ECMO cohort. The study proved that the ECMO
assisted PCI improved results at the 30-day follow-up.?” However,
interpreting these results is difficult because of the significant
discrepancies seen in the treatment strategies used between the
groups. In a different study, Muller et al. included 138 STEMI
patients treated with ECMO. They developed a mortality risk score
in the intensive care unit setting called the ENCOURAGE score.
The variables associated with worse prognosis were age > 60
years, female sex, body mass index > 25, Glasgow score < 6,
elevated creatinine and lactate serum levels, and prothrombin
times < 50%. Survival rates at 6-month and 1-year follow-up were
41% and 38%, respectively.!?’

Currently, the effects of the use of VA-ECMO on the mortality of
patients CS-complicated STEMI is being studied in 3 randomized
clinical trials: the EUROSHOCK (NCT03813134), the ANCHOR
(NCT04184635), and the ECLS-SHOCK (NCT03637205) clinical
trials.’’’ On top of studying mortality, these clinical trials are an
opportunity to analyze the indication, way, and effect of LV
unloading.!%?

CONCLUSION

Despite the improvements made in reperfusion therapies, the
mortality of STEMI patients is still high. Together with drug
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therapy, the rapid restoration of coronary flow and stent implanta-
tion are the strategies recommended (figure 1). The routine use of
manual thrombus aspiration is discouraged given the lack of clin-
ical benefit compared to the PCI alone. Regarding the type of device
selected, second-generation DES are the standard of choice in
STEMI patients treated with a primary PCI since the short and long
term results are better compared to BMS and first generation DES.
In patients with STEMI and MVD, the current evidence recom-
mends complete revascularization, although the optimal time to
perform it remains unknown. Exclusively in the case of patients
with CS, only the revascularization of the infarct-related artery is
advised. Patients with CS-complicated STEMI is undoubtedly the
clinical setting with less significant advances. Their mortality rate
is still somewhere around 40% to 50%. To this date, several clinical
trials are being conducted to assess the impact of circulatory assist
devices like the Impella and VA-ECMO on these patients’ mortality
rate.
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