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ABSTRACT

Cardiogenic shock (CS) is a low cardiac output state resulting in end-organ hypoperfusion and hypoxia,
which, if untreated, leads to an irreversible multiorgan failure. Acute coronary syndrome is the most
common cause of CS, with a high prevalence of patients with multivessel disease. Cardiogenic shock
management remains a challenge, since mortality rates are still high and have not declined over the last
20years. The treatment strategy of CS in patients with acute coronary syndrome needs to take into account
both the presence of myocardial ischemia and tissue hypoperfusion. The first part of this review focuses
on the characteristics, hemodynamic profile, and available evidence of the mechanical circulatory support
devices for an optimal patient-device matching. The second part focuses on the management strategy
of CS in terms of myocardial revascularization and hemodynamic support in light of the most recent

available evidence.

Introduction Shock is a clinical condition
characterized by a severe mismatch between
the supply and demand for oxygen. Shock is clas-
sified based on the causative agent, and cardio-
genic shock (CS) is a subtype in which circula-
tory impairment is determined primarily by
the cardiac dysfunction.

Cardiogenic shock is characterized by a re-
duction of cardiac index (<1.8 1/min/m? without
support or <2 to 2.2 1/min/m? with support), as-
sociated with: 1) systolic blood pressure above
90 mm Hg for over 30 minutes despite ade-
quate fluid resuscitation or need for vasopres-
sor therapy to maintain systolic blood pressure
of 90 mm Hg or above; 2) clinical signs of hypo-
perfusion (altered mental status, cold extremities
or oliguria); or 3) increased blood lactate levels.’

Irrespective of the cause, CS is characterized
by a low cardiac output state resulting in life-
-threatening end-organ hypoperfusion and hy-
poxia, determining activation of the inflammato-
ry cascade that amplifies and perpetuates the vi-
cious circle leading to an irreversible condition.’
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It is important to note that CS represents
a continuum of disorders, depending on the se-
verity of the reduction of cardiac output, and
ranges from a state of pre-CS, classic CS, to re-
fractory CS. The first stages of CS are character-
ized by a reversible hemodynamic status; how-
ever, it may evolve to a more complex “hemo-
-metabolic” condition that may not respond to
treatment of the underlying cause or to hemody-
namic support alone.? Pre-CS is an initial form
of shock in which hypotension is not yet present.
As described by Menon et al,* compared with pa-
tients with CS, patients with pre-CS had simi-
lar hemodynamics parameters in terms of car-
diac index, left ventricular (LV) ejection frac-
tion, and pulmonary capillary wedge pressure,
but higher systemic vascular resistance. Absence
of hypotension makes diagnosis very difficult,
which could be the reason for the high rates of
in-hospital mortality (up to 43%).* Once hypo-
tension has been established, classic CS becomes
manifest. Refractory CS is a form unresponsive
to medical or mechanical support, in which he-
modynamic impairment has led to the activation
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of inflammation that frequently determines
multiorgan failure and can lead to death.

From an epidemiologic standpoint, the most
common cause of CS is acute coronary syn-
drome (ACS), which accounts for about 80% of
the cases.’ The remaining 20% of the CS cases
are caused by mechanical complications, acute
myocarditis, cardiac tamponade, arrhythmias,
cardiomyopathies, pulmonary embolism, and
decompensation of chronic congestive heart fail-
ure or chronic valvular heart disease. In regard
to ACS, despite conflicting reports, CS compli-
cates approximately 5% to 10% of ST-segment
elevation myocardial infarction (STEMI) cases
and 2% to 3% of non-STEMI ones.¢

Mortality rates of CS remain high, ranging
between 35% and 50%, depending on the eti-
ology.’ Patients with concomitant ACS and CS
have poor prognosis. After the introduction of
early revascularization, mortality rates in pa-
tients with ACS and CS declined over the last 20
years and reached a plateau. Indeed, the 30-day
mortality reported in the revascularization arm
of the SHOCK trial (Should We Emergently Re-
vascularize Occluded Coronaries for Cardiogen-
ic Shock),” alandmark study on CS published in
1999, is almost identical to that of CULPRIT-
-SHOCK (Culprit Lesion Only PCI Versus Mul-
tivessel PCI in Cardiogenic Shock),? a recently
published study on revascularization strategy
in patients with ACS and CS (SHOCK, 46.7%;
CULPRIT-SHOCK, 43.4% in culprit-lesion-only
percutaneous coronary intervention [PCI] group
and 51.6% in the multivessel-PCI group).

TABLE1 Comparison of the main characteristics and hemodynamic performance
of mechanical circulatory support devices

Parameter IABP Impella VA-ECMO
Mechanism Intra-aortic FromLVtoaorta FromRVtoaorta
Flow support, I/min <0.5 1-52 2-7

Flow pattern Pulsatile Continuous Continuous
Maximum implant days 4-5 weeks 7 days Weeks

LV preload - W !

LV afterload ! ! "1

LV stroke volume 1 " -

LV end-diastolic pressure ! W 1

Coronary perfusion T 1M -

RV support - 11 (ImpellaRP) 11

Blood oxygenation - - m

Mean arterial pressure T ™ M

a Impella2.5delivers forward blood flow up to 2.5 I/min, Impella CP up to 4 1/min, and Impella5up to 51.

1 —increase; | — decrease

Abbreviations: IABP, intra-aortic balloon pump; LV, left ventricle; MCS, mechanical circulatory
support; RV, right ventricle; VA-ECMO, venoarterial extracorporeal membrane oxygenation
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Mechanical circulatory support devices Itis
well known that the escalating use of vasopres-
sors and inotropes increases oxygen consump-
tion, leading to worse myocardial ischemia. Use
of mechanical circulatory support (MCS) de-
vices may interrupt the vicious circle of hypo-
perfusion, preventing the onset of refractory
CS. Different MCS devices are available, each
with different characteristics that are briefly
described in TABLE1.

Intra-aortic balloon pump Historically, intra-
-aortic balloon pump (IABP) was the first per-
cutaneous MCS device available, and today is
the most commonly used one. It is composed of
aballoon catheter and a pump console. The bal-
loon is placed in the descending thoracic aorta
and is inflated and deflated in synchrony with
the cardiac cycle. The balloon is inflated with
helium because of its low viscosity that allows
it to travel quickly through tubes and because
it is also absorbed rapidly in blood in the case
of balloon rupture. The console synchronizes
the inflation and the deflation of the balloon
with echocardiography (ECG). It permits the bal-
loon to inflate with the onset of diastole at the
middle of the T wave on the surface ECG and to
deflate at the onset of LV systole at the peak of
the R wave on the surface ECG.

In terms of the hemodynamic effects, IABP el-
evates diastolic pressure and decreases afterload.
In the presence of ischemia, coronary autoregu-
lation is exhausted and myocardial blood flow is
directly and proportionally dependent on per-
fusion pressure. Elevation of systemic diastolic
pressure favors coronary perfusion by augment-
ing the aorto-coronary perfusion gradient (dia-
stolic augmentation).’'’ Reduction of afterload
permits a decrease of both the peak LV systolic
and diastolic pressures and a modest increase of
LV stroke volume (systolic unloading). The net
effect is a reduced slope of arterial elastance, as
shown in FiGURE 1A. The efficacy of IABP is influ-
enced by numerous variables related to the pa-
tient and to the device. The correct timing of
the inflation and deflation of the balloon plays
a key role in terms of efficacy: poor ECG qual-
ity as well as cardiac arrhythmias may reduce
the benefits of the device, impeding LV ejection
and increasing afterload."” Other factors that
influence the efficacy of the device are the cor-
rect position of the balloon in the aorta and its
dimension in relation to the aortic diameter,
which affects the amount of blood displaced.'”"
The main limitation of IABP is its total depen-
dence on the LV efficacy; indeed, it has neither
a pump capability nor a gas exchange function.
The use of IABP is contraindicated in the pres-
ence of moderate to severe aortic regurgitation.
It is important to pay attention in patient with
peripheral artery disease because of an increased
risk of vascular complications."
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FIGURE1 Schematic representation of hemodynamic
modifications induced by different mechanical circulatory
support devices on left ventricle pressure-volume loops shown
in continuous line. A — intra-aortic balloon pump reduces
systolic afterload, in turn decreasing the slope of the of arterial
elastance; however, it only slightly reduces left ventricular end-
-diastolic volume. B — Impella device reduces both the volume
and the filling pressure, unloading the ventricle; pressure-
-volume loop has a typical triangular shape. € - VA-ECMO,
despite its positive impact on the tissue perfusion and

the reduction of the preload, increases left ventricular afterload
and myocardial workload.

For many years, IABP has been strongly rec-
ommended to treat CS complicating acute myo-
cardial infaction (AMI), despite lack of robust
randomized data. The IABP-SHOCK-II trial (In-
traaortic Balloon Pump in Cardiogenic Shock II)
was a multicenter, open-label, prospective trial
that randomized 600 patients with CS compli-
cating MI either to receive IABP therapy or not
to receive IABP therapy to test its clinical val-
ue. The trial failed to meet its primary endpoint,
with both the 30-day® and 1-year'® follow-up
showing no overall difference in all-cause mor-
tality between groups. There was also no bene-
fit with respect to secondary outcomes such as
hemodynamic parameters, lactate levels, cate-
cholamine doses, or renal function.

The role of IABP has been redefined also in
other settings. The CRISP-AMI trial (Counter-
pulsation Reduces Infarct Size Pre-PCI for AMI),
an open, multicenter, randomized controlled tri-
al that included 337 patients with anterior STE-
MI in the absence of CS, showed no benefit in re-
ducing infarct size measured by cardiac magnetic
resonance with the routine use of IABP in anteri-
or MI without shock.” Also, in a high-risk elective
PCI cohort of patients with severe LV dysfunction
and extensive coronary disease, elective IABP in-
sertion did not reduce the incidence of major ad-
verse cardiac and cardiovascular events follow-
ing PCL"® After considering the neutral results
of all the above trials, the international guide-
lines downgraded the indication of routine use of
IABP in STEMI complicated with CS to class Ia,
level of evidence B in the American Heart Asso-
ciation guidelines" and to class III, level of evi-
dence B in the European counterpart.?’ The use
of IABP in patients with ACS and CS may be con-
sidered for hemodynamic support in selected pa-
tients who do not respond to standard pharma-
cological therapy or with mechanical complica-
tions, that is, severe mitral insufficiency or ven-
tricular septal defect.?!

Impella The Impella device (Abiomed, Danvers,
Massachusetts, United States) has been ap-
proved by the United States Food and Drug Ad-
ministration in 2008. It is an intravascular mi-
croaxial blood pump that temporary supports
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the patient’s circulatory system, allowing heart
recovery and early assessment of residual myo-
cardial function. The catheter is inserted percu-
taneously through the femoral artery into the LV.
The catheter passed retrogradely across the aortic
valve and its inlet area is positioned into the LV.
The outlet opening is placed in the ascending aor-
ta. This is an active pump, which can deliver up
to a maximum of 3.5 liters of blood per minute
from the LV into the ascending aorta, resulting in
continuous flow augmentation. Different models
are available for the left heart: Impella 2.5, Im-
pella CP, Impella 5.0, and Impella 5.5, with dif-
ferent maximum flow capacity, numbers of days
for which they could remain in site, and sheath
dimensions. Recently, the Impella RP, an intra-
vascular microaxial blood pump specifically de-
signed to support the patient’s pulmonary cir-
culation in the setting of acute right ventricular
failure, has been approved. The cannula is placed
through the right femoral artery, and the inlet
area of the cannula pumps the blood from the in-
ferior vena cava to the pulmonary artery. The Im-
pella device is contraindicated in the presence of
ventricular thrombus, mechanical aortic valve,
severe aortic valve stenosis or calcification, se-
vere aortic insufficiency, and severe peripheral
artery disease.

The Impella device directly unloads the ven-
tricle, increasing cardiac output, mean arteri-
al pressure and peak coronary flow.?? The un-
loading of the LV decreases end-diastolic vol-
ume and pressure,” reducing myocardial oxygen
consumption and decreasing pulmonary capil-
lary wedge pressure. The pumping of the blood
is continuous and independent of the ventric-
ular contraction, determining uncoupling be-
tween aortic and peak LV pressure generation.?*
The loss of normal isovolumic periods modifies
the form of the pressure-volume loop into a tri-
angular shape, as shown in FIGURE 1B.

The ISAR-SHOCK trial (Efficacy Study of LV
Assist Device to Treat Patients With Cardiogen-
ic Shock) was one of the first studies that test-
ed the safety and effectiveness of the Impella
2.5 device as compared with IABP in a popula-
tion of patients with ACS and CS. In this pro-
spective, 2-center, randomized, open-label study,
the Impella 2.5 device demonstrated a superior
hemodynamic performance as compared with
the standard therapy.”” However, no impact of
the hemodynamic improvement on the mor-
tality rate was observed. In 2016, the random-
ized, prospective, multicenter IMPRESS tri-
al (Initial Management of Patients Receiv-
ing a Single Shock) failed to demonstrate a re-
duction in 30-day mortality as compared with
IABP in a very small population of patients with
CS (n = 48).° A recent meta-analysis of the 3 ma-
jor randomized controlled trials comparing
Impella with IABP confirmed no difference in
30-day and 6-month all-cause mortality rates.?’
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Data were confirmed by a recent retrospective
analysis involving patients with AMI and CS, in
whom the routine use of Impella did not reduce
all-cause mortality at 30 days compared with
a matched cohort from the IABP-SHOCK II tri-
al.”® Even though there is still no evidence of
benefit in terms of mortality and clinical out-
comes, Impella was shown to provide more he-
modynamic support than IABP.

Extracorporeal membrane oxygenation Extracor-
poreal membrane oxygenation (ECMO) is an evo-
lution in the heart-lung machines used in cardiac
surgery. There are 2 types of EMCO, venovenous
and venoarterial (VA), which refer to the source
and target of blood flow between the 2 large-
-bore catheters and the pump. The first guar-
antees respiratory support, and the second is
used in the management of antegrade circu-
latory failure, as in the presence of CS. Veno-
arterial ECMO (VA-ECMO) refers to a system
that draws out venous blood from the patient
via along venous cannula placed in large central
veins, removes carbon dioxide and oxygenates
the blood using an oxygenator (replacing lung
function), and pumps back the blood into the ar-
terial system using a centrifugal pump (replac-
ing heart function) via a short arterial cannula
placed in an artery.

Extracorporeal membrane oxygenation pro-
vides full biventricular cardiac support by re-
placing the native heart function, guaranteeing
ablood flow of up to 71/min. The goal of ECMO
is to “buy time” while sustaining an adequate
tissue perfusion, providing a bridging thera-
py either for the healing of the natural organs
or for long-term support devices or transplan-
tation.” The diffusion of ECMO has increased
in the last decades thanks to advances in tech-
nology.’’ Centrifugal pumps cause less blood
damage, membrane oxygenators have better
gas exchange capability, and the biocompati-
bility of the components cause less hematologic
alterations. Extracorporeal membrane oxygen-
ation is implanted percutaneously at the bed-
side or in the prehospital setting.”’ The 2 main
configurations of VA-ECMO are the peripheral
ECMO, which is the most common, and the cen-
tral ECMO. In peripheral ECMO, cannulas are
inserted both into the right femoral artery and
the right common femoral vein, while in central
ECMO, usually an arterial cannula is placed into
the ascending aorta and a venous cannula into
the right atrium.

The extracorporeal pump works in parallel
with the patient’s heart. The total flow is the sum
of the well-oxygenated blood coming from
the extracorporeal circuit and the blood pass-
ing through the native heart and lungs. Beyond
improving blood oxygenation, the main hemo-
dynamic effects are the reduction of the pre-
load, loss of pulsatile blood flow, and increase



of the LV afterload,” as shown in FGURe 1C. Part
of the venous return trough the venous cannu-
lais diverted into the extracorporeal circuit, re-
ducing the total venous return to the right side
of the heart, which is a beneficial effect in right
ventricular dysfunction. Since the centrifugal
pumps provide continuous flow, the reduction
of the LV ejection determines loss of arterial
pressure pulsatility at the increase of ECMO
blood flow.

The effect of continuous versus pulsatile
flow on organ perfusion has been extensively
investigated, and no definitive conclusion has
been drawn to date on its potential negative ef-
fects.’’ A recent study demonstrated that pulsa-
tile ECMO produces significantly higher hemo-
dynamic energy and improves systemic microcir-
culation, as compared with nonpulsatile ECMO
in patients with CS.3? Aortic counterpulsation
during VA-ECMO could guarantee the preser-
vation of a pulsatile flow waveform. After oxy-
genation, blood returns via the arterial cannu-
la into the arterial systemic circulation increas-
ing LV afterload, and this is of particular con-
cern in peripheral VA-ECMO.** The inadequate
drainage of the LV increases the ventricular di-
astolic pressure, which raises LV wall stress and
myocardial oxygen demand, perpetuating a vi-
cious circle. To avoid an increase of pulmonary
congestion, left side venting should be consid-
ered. That may be obtained by: 1) increasing nat-
ural ejection with inotropes; 2) decreasing sys-
temic vascular resistances with vasodilators; 3)
aortic counterpulsation; or 4) with percutane-
ous or surgical venting.

Small studies demonstrated better outcomes
in concomitant treatment with VA-ECMO and
Impella or with VA-ECMO and IABP, as com-
pared with VA-ECMO alone.?*3 A prospective,
randomized trial is ongoing to evaluate whether
the addition of early ventricular unloading using
Impella improves cardiac recovery (REVERSE).
Looking at the coronary perfusion, central VA-
-ECMO, in which the outflow cannula is posi-
tioned in the ascending aorta or in the right sub-
clavian artery, guarantees a better coronary flow
in comparison with the peripheral VA-ECMO,
but as discussed, it deteriorates the afterload.

The 2 main characteristics that differentiate
ECMO from the other MCS devices are its use-
fulness in case of refractory hypoxemia due to
pulmonary failure, which improves tissue perfu-
sion, and the simultaneous support of the right
ventricle. Negative aspects are the rise of the LV
afterload and possible secondary complications
such as major bleedings and limb ischemia.

The role of ECMO has been validated mainly in
single-center registries. No data from random-
ized, multicenter trials are available. In the Euro-
pean guidelines, the use of ECMO in the setting
of refractory CS is reported in class II, level of ev-
idence B, based on expert opinion. The survival
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rates of patients undergoing VA-ECMO remain

low: 30-day mortality is about 50% and survival
at 1 year is 38%.* The outcomes of ECMO have

improved despite increasing comorbidity* owing
to the continuous improvement of the technique,
patient selection, and ancillary therapeutics. Sur-
vival rates are strongly dependent on the etiology
of CS. Patients with potentially reversible causes

of myocardial injury, such as fulminant myocar-
ditis, coronary occlusion, or primary graft fail-
ure, have better survival rates than those with

CS after bypass surgery or MI.>738 A wide body
of evidence shows that ECMO support improves

prognosis in patients with STEMI complicated

by severe CS who undergo primary PCI. Patients

with STEMI and profound CS undergoing pri-
mary PCI treated with combined ECMO support
and IABP have lower mortality rates compared

with those on IABP alone.* To improve the se-
lection of candidates to ECMO therapy, numer-
ous prognostic predictors have been investigat-
ed. Schmidt et al*’ developed the Survival After
Venoarterial ECMO (SAVE) score to predict sur-
vival after VA-ECMO in patients with refractory
CS, using 12 pre-ECMO parameters.

To clarify the role of ECMO in patients with
CS, there are 2 ongoing multicenter, prospec-
tive, randomized trials. EUROSHOCK (Testing
the Value of Novel Strategy and Its Cost Efficacy
in Order to Improve the Poor Outcomes in Car-
diogenic Shock), a Pan-European study including
more than 400 patients, and ECMO-CS (Extra-
corporeal Membrane Oxygenation in the Ther-
apy of Cardiogenic Shock) are testing the role of
the early use of ECMO in improving outcomes.”!

Door-to-balloon time The urgent treatment of
the culprit lesion is imperative in patients pre-
senting with ACS complicated by CS, as shown
in the landmark SHOCK Trial. So far, no oth-
er intervention with a device or pharmacolog-
ic agent showed a significant mortality benefit.”

The prevalence of multivessel disease in pa-
tients with AMI complicated by CS reaches
80%.%2 The revascularization strategy in multi-
vessel disease presenting with CS remains debat-
able. There is no doubt as to whether an urgent
PCI of the infarct-related artery should be per-
formed, but whether PCI should be performed
immediately for stenosis in nonculprit arteries
is controversial. On the one hand, multivessel
PCI may reduce the burden of global myocardial
ischemia and improve myocardial function, but
on the other hand, it may cause harm due to in-
creased procedural time, contrast volume, and
possible ischemia in different territories. In pa-
tients with multivessel disease and MI without
CS, the previous trials: DANAMI-3-PRIMULTI
(Primary PCl in Patients With ST-elevation Myo-
cardial Infarction and Multivessel Disease: Treat-
ment of Culprit Lesion Only or Complete Re-
vascularization),”> PRAMI (Randomized Trial
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of Preventative Angioplasty in Myocardial In-
farction),* and CvLPRIT (Complete Versus Le-
sion-Only Primary PCI Trial)*® have suggested
potential benefits of complete revascularization.
Data from each trial were confirmed by a meta-
-analysis demonstrating lower rates of compos-
ite major adverse cardiac events with complete
revascularization. The last European guidelines
on STEM]I, published in 2017, stated that com-
plete revascularization during the index proce-
dure should be considered in patients presenting
with CS, based on expert opinion (class II, level
of evidence A).2?°
In the same year, a few months later, the re-
sults of the randomized, multicenter, large-scale
CULPRIT-SHOCK trial (n = 706) showed that
among patients who had multivessel coronary ar-
tery disease and AMI with CS, the risk of a com-
posite of death or renal-replacement therapy
at 30-day follow-up was lower in those who ini-
tially underwent PCI of the culprit lesion only,
as compared with those who underwent mul-
tivessel PCI.*¢ This outcome was mainly driven
by the lower mortality rate in patients who un-
derwent culprit-lesion-only PCI. However, this
randomized trial received some criticism. First,
the presence of patients who were switched from
culprit-lesion-only PCI to multivessel PCI, for rea-
sons such as lack of hemodynamic improvement,
may lead to bias towards including more com-
plex patients in the multivessel PCI group. Sec-
ond, 24% of patients in the multivessel CAD arm
had a chronic total occlusion for which revascu-
larization was attempted (successful in 81%) and
revascularization of these lesions has failed to
show a beneficial effect also in patients without
CS and STEMI. Third, an MCS device was used
only in 28% of patients. The results of the trial
were included in the European Society of Cardi-
ology guidelines on myocardial revascularization
published in 2018, which recommended against
revascularization of non-infarct-related artery
lesions in patients with CS (class I, level of ev-
idence B).*” The results of the CULPRIT-SHOCK
should be included in the discussion on revas-
cularization in patients with AMI, because they
confirmed that CS represents a complex setting
in which ischemia coexists with hemodynamic
instability. Treatment of ischemia (irrespective
of the strategy) may not be sufficient to avoid
the development of refractory CS, a condition
that may be prevented by the use of appropri-
ate MCS devices.

Door-to-support time A cornerstone of
the emergent revascularization strategy in car-
diology is the “time is muscle” principle, and
the door-to-needle and door-to-balloon times
are considered gold standards for AMI therapy.
This concept should be applied also to patients
with AMI complicated by CS. There is a grow-
ing body of evidence that the lack of benefits in
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terms of mortality rates in patients with MCS
devices may be due to their late implantation
when irreversible shock is already established.
Within this framework, the time between
the onset of CS and initiation of MCS should be
included in the door-to-support time. The early
identification of CS and prompt application of
mechanical support may improve clinical out-
comes. Mechanical circulatory support implan-
tation early after the onset of shock, before ini-
tiation of inotropes or vasopressors and before
PCI, is independently associated with improved
survival rates in patients presenting with ACS
and CS.*® Basir MB et al* designed the Detroit
Cardiogenic Shock Initiative, a single-arm, mul-
ticenter study, to assess the feasibility of early
MCS in patients who present with AMI compli-
cated by CS who undergo PCL.* The principles
of the initiative are: 1) rapid door-to-support
times (<90 minutes); 2) MCS initiation prior to
PCI; 3) achievement of normal coronary blood
flow (Thrombolysis In Myocardial Infarction
grade flow III) and attempting to provide com-
plete revascularization of all coronary lesions
other than chronic total occlusion; and 4) he-
modynamic monitoring to assess the need for
MCS escalation and to safely and rapidly wean
inotropes. The preliminary findings from this
strategy provide the first supportive data show-
ing that early application of MCS immediately
before reperfusion in patients with hemody-
namic (not hemo-metabolic) ACS and CS can
improve clinical outcomes.

Conclusion Mortality rates in patients with CS
remain high and have not declined over the last
20 years. Urgent revascularization is the only
treatment that was shown to improve mortal-
ity, but it seems not enough. Early initiation of
MCS, guided by invasive hemodynamic moni-
toring, may play a fundamental role in improv-
ing survival, avoiding the onset of irreversible
hemo-metabolic shock. Different MCS are avail-
able, each with specific hemodynamic proper-
ties. A proficient knowledge of these principles
guarantees an optimal patient-device match-
ing. Currently, the management of CS is under-
going major changes, but further studies are still
needed to establish the best treatment strategy
in terms of hemodynamic support and extension
of the revascularization.

ARTICLE INFORMATION

CONFLICT OF INTEREST  None declared.

OPEN ACCESS This is an Open Access article distributed under the terms of
the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND 4.0), allowing third parties to download articles and
share them with others, provided the original work is properly cited, not changed
in any way, distributed under the same license, and used for noncommercial pur-
poses only. For commercial use, please contact the journal office at kardiologiapol-

ska@ptkardio.pl.

HOW TO CITE Marin F, Pighi M, Pesarini G, et al. Devices for mechanical cir-
culatory support and strategies for their management in cardiogenic shock. Kardi-
ol Pol. 2019; 77: 589-595. doi:10.33963/KP.14831



REFERENCES

1 Furer A, Wessler J, Burkhoff D. Hemodynamics of Cardiogenic Shock. Interv
Cardiol Clin. 2017; 6: 359-371.

2 Van Diepen S, Katz JN, Albert NM, et al. Contemporary management of car-
diogenic shock: a scientific statement from the American Heart Association. Cir-
culation. 2017; 136.

3 Esposito ML, Kapur NK. Acute mechanical circulatory support for cardiogenic
shock: the “door to support” time. F1000Research. 2017; 6.

4 Menon V, Slater JN, White HD, et al. Acute myocardial infarction complicated
by systemic hypoperfusion without hypotension: report of the SHOCK trial registry.
Am ] Med. 2000; 108: 374-380.

5 Harjola VP, Lassus J, Sionis A, et al. Clinical picture and risk prediction of short-
-term mortality in cardiogenic shock. Eur ] Heart Fail. 2015; 17: 501-509.

6 Reynolds Harmony R., Hochman Judith S. Cardiogenic shock. Circulation.
2008; 117: 686-697.

7 Hochman S, Sleeper LA, Webb JG, et al. Early revascularization in acute myocar-
dial infarction complicated by cardiogenic shock. N Engl ] Med. 1999; 341: 625-634.

8 Thiele H, Akin I, Sandri M, et al. PCI strategies in patients with acute myocardi-
al infarction and cardiogenic shock. N Engl ] Med. 2017; 377: 2419-2432.

9 Takeuchi M, Nohtomi Y, Yoshitani H, et al. Enhanced coronary flow velocity
during intra-aortic balloon pumping assessed by transthoracic doppler echocar-
diography. J Am Coll Cardiol. 2004; 43: 368-376.

10  De Silva K, Lumley M, Kailey B, et al. Coronary and microvascular physiolo-
gy during intra-aortic balloon counterpulsation. JACC Cardiovasc Interv. 2014; 7:
631-640.

11 Schreuder JJ, Maisano F, Donelli A, et al. Beat-to-beat effects of intraaortic
balloon pump timing on left ventricular performance in patients with low ejection
Fraction. Ann Thorac Surg. 2005; 79: 872-880.

12 Majithia A, Jumean M, Shih H, et al. The hemodynamic effects of the MEGA
intra-aortic balloon counterpulsation pump. | Heart Lung Transplant. 2013; 32
(Suppl 4): 5226.

13 Kapur NK, Paruchuri V, Majithia A, et al. Hemodynamic effects of standard
versus larger-capacity intraaortic balloon counterpulsation pumps. ] Invasive Car-
diol. 2015; 27: 182-188.

14 Rastan AJ, Tillmann E, Subramanian S, et al. Visceral arterial compromise
during intra-aortic balloon counterpulsation therapy. Circulation. 2010; 122 (11
Suppl): $92-599.

15  Thiele H, Zeymer U, Neumann F), et al. Intraaortic balloon support for myo-
cardial infarction with cardiogenic shock. N Engl ) Med. 2012; 367: 1287-1296.

16 Thiele H, Zeymer U, Neumann FJ, et al; Intraaortic Balloon Pump in cardio-
genic shock IT (IABP-SHOCK II) trial investigators. Intra-aortic balloon counter-
pulsation in acute myocardial infarction complicated by cardiogenic shock (IABP-
-SHOCK I1): final 12 month results of a randomised, open-label trial. Lancet. 2013;
382:1638-1645.

17  Patel MR, Smalling RW, Thiele H, et al. Intra-aortic balloon counterpulsation
and infarct size in patients with acute anterior myocardial infarction without shock:
the CRISP AMI randomized trial. JAMA. 2011; 306: 1329-1337.

18 Perera D, Stables R, Thomas M, et al. Elective intra-aortic balloon counter-
pulsation during high-risk percutaneous coronary intervention: a randomized con-
trolled trial. JAMA. 2010; 304: 867-874.

19 0'Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA guideline for
the management of ST-elevation myocardial infarction: a report of the American
College of Cardiology Foundation/American Heart Association Task Force on Prac-
tice Guidelines. Circulation. 2013; 127: e362-e425.

20 IbanezB, James S, Agewall S, etal. 2017 ESC Guidelines for the management
of acute myocardial infarction in patients presenting with ST-segment elevation.
Eur Heart). 2017; 39: 119-177.

21 Kettner J, Sramko M, Holek M, et al. Utility of intra-aortic halloon pump sup-
port for ventricular septal rupture and acute mitral regurgitation complicating
acute myocardial infarction. Am ] Cardiol. 2013; 112: 1709-1713.

22 Remmelink M, Sjauw KD, Henriques JPS, et al. Effects of left ventricular un-
loading by Impella recover LP2.5 on coronary hemodynamics. Catheter Cardiovasc
Interv. 2007; 70: 532-537.

23 Remmelink M, Sjauw KD, Henriques JP, et al. Effects of mechanical left ven-
tricular unloading by Impella on left ventricular dynamics in high-risk and primary
percutaneous coronary intervention patients. Catheter Cardiovasc Interv Off | Soc
Card Angiogr Interv. 2010; 75: 187-194.

24 Burkhoff D, Sayer G, Doshi D, Uriel N. Hemodynamics of mechanical circula-
tory support. ] Am Coll Cardiol. 2015; 66: 2663-2674.

25 Seyfarth M, Sibbing D, Bauer I, 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. ] Am Coll Cardiol. 2008; 52: 1584-1588.

26 Ouweneel DM, Eriksen E, Sjauw KD, et al. Percutaneous mechanical circu-
latory support versus intra-aortic balloon pump in cardiogenic shock after acute
myocardial infarction. ] Am Coll Cardiol. 2017; 69: 278-287.

27 Ouweneel DM, Eriksen E, Seyfarth M, Henriques JP. Percutaneous mechan-
ical circulatory support versus intra-aortic balloon pump for treating cardiogenic
shock: meta-analysis. ] Am Coll Cardiol. 2017; 69: 358-360.

REVIEW ARTICLE MCSdevicesin CS

28  Schrage B, Ibrahim K, Loehn T, et al. Impella support for acute myocardi-
al infarction complicated by cardiogenic shock. Circulation. 2019; 139: 1249-1258.

29 Zapol WM, Kitz RJ. Buying time with artificial lungs. N Engl] Med. 1972; 286:
657-658.

30 Sauer C, Yuh D, Bonde P. Extracorporeal membrane oxygenation use has in-
creased by 433% in adults in the United States from 2006 to 2011. Asaio J. 2015;
61:31-36.

31 Alghamdi AA, Latter DA. Pulsatile versus nonpulsatile cardiopulmonary by-
pass flow: an evidence-based approach. J Card Surg. 2006; 21: 347-354.

32 Itoh H, Ichiba S, Ujike Y, et al. Effect of the pulsatile extracorporeal mem-
brane oxygenation on hemodynamic energy and systemic microcirculation in
a piglet model of acute cardiac failure. Artif Organs. 2016; 40: 19-26.

33 Hoefer D, Ruttmann E, Poelzl G, et al. Outcome evaluation of the bridge to
bridge concept in patients with cardiogenic shock. Ann Thorac Surg. 2006; 82: 28-33.

34 Pappalardo F, Schulte C, Pieri M, et al. Concomitant implantation of Impel-
1a® on top of veno-arterial extracorporeal membrane oxygenation may improve
survival of patients with cardiogenic shock. Eur J Heart Fail. 2017; 19: 404-412.

35 Aso S, Matsui H, Fushimi K, Yasunaga H. The effect of intraaortic balloon
pumping under venoarterial extracorporeal membrane oxygenation on mortality
of cardiogenic patients. Crit Care Med. 2016; 44: 1974-1979.

36 Batra ], Toyoda N, Goldstone AB, et al. Extracorporeal membrane oxygen-
ation in New York State. Circ Heart Fail. 2016; 9: €003 179.

37 Mirabel M, Luyt CE, Leprince P, et al. Outcomes, long-term quality of life, and
psychologic assessment of fulminant myocarditis patients rescued by mechanical
circulatory support. Crit Care Med. 2011; 39: 1029-1035.

38 Marasco SF, Vale M, Pellegrino V, et al. Extracorporeal membrane oxygen-
ation in primary graft failure after heart transplantation. Ann Thorac Surg. 2010;
90: 1541-1546.

39 Sheu ), Tsai TH, Lee FY, et al. Early extracorporeal membrane oxygenator-

-assisted primary percutaneous coronary intervention improved 30-day clinical
outcomes in patients with ST-segment elevation myocardial infarction complicat-
ed with profound cardiogenic shock. Crit Care Med. 2010; 38: 1810-1817.

40  Schmidt M, Burrell A, Roberts L, et al. Predicting survival after ECMO for re-
fractory cardiogenic shock: the survival after veno-arterial-ECMO (SAVE)-score. Eur
Heart ). 2015; 36: 2246-2256.

41 Ostadal P, Rokyta R, Kruger A, et al. Extra corporeal membrane oxygenation
in the therapy of cardiogenic shock (ECMO-CS): rationale and design of the multi-
center randomized trial. Eur ] Heart Fail. 2017; 19: 124-127.

42 Wong SC, Sanborn T, Sleeper LA, et al. Angiographic findings and clinical
correlates in patients with cardiogenic shock complicating acute myocardial in-
farction: a report from the SHOCK Trial Registry. SHould we emergently revascu-
larize Occluded Coronaries for cardiogenic shock? ] Am Coll Cardiol. 2000; 36 (3
Suppl A): 1077-1083.

43 Engstrom T, Kelbaek H, Helquist S, et al. Complete revascularisation versus
treatment of the culprit lesion only in patients with ST-segment elevation myo-
cardial infarction and multivessel disease (DANAMI-3—PRIMULTI): an open-label,
randomised controlled trial. Lancet Lond Engl. 2015; 386: 665-671.

44 Wald DS, Morris JK, Wald NJ, et al. Randomized trial of preventive angioplas-
ty in myocardial infarction. N Engl ] Med. 2013; 369: 1115-1123.

45 Gershlick AH, Khan )N, Kelly D, et al. Randomized trial of complete versus
lesion-only revascularization in patients undergoing primary percutaneous coro-
nary intervention for STEMI and multivessel disease: the CvLPRIT trial. | Am Coll
Cardiol. 2015; 65: 963-972.

46 Thiele H, Akin I, Sandri M, et al. PCI strategies in patients with acute myocar-
dial infarction and cardiogenic shock. N Engl J Med. 2017; 377: 2419-2432.

47 2018 ESC/EACTS Guidelines on myocardial revascularization. European Heart
Journal. Oxford Academic website. https://academic.oup.com/eurheartj/arti-
cle/40/2/87/5079120. Accessed February 9, 2019.

48  Basir MB, Schreiber TL, Grines CL, et al. Effect of early initiation of mechanical
circulatory support on survival in cardiogenic shock. Am | Cardiol. 2017; 11: 845-851.
49  Basir MB, Schreiber T, Dixon S, et al. Feasibility of early mechanical circu-
latory support in acute myocardial infarction complicated by cardiogenic shock:
the Detroit cardiogenic shock initiative. Catheter Cardiovasc Interv Off ) Soc Card
Angiogr Interv. 2018; 9: 454-461.

595



