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Abstract

Circulatory support with extracorporeal membrane
oxygenation (ECMO) is being increasingly used in sev-
eral critical situations but evidence of its impact on
outcomes is inconsistent. Understanding of the specific
indications and appropriate timing of implantation of
this technology might lead to improved results. Indeed,
the line between success and futility may be sometimes
very thin when facing a patient in critical condition. New
techniques with lighter, simpler and effective devic-
es are being developed. Hence, ECMO has become an
accessible technology that is being increasingly used
outside of the operating room by heart failure spe-
cialists, critical care cardiologists and intensivists. Prop-
er timing of utilization and choice of device may lead to
better outcomes. We herein aim to improve this knowl-
edge gap by conducting a literature review to provide
simple information, evidence-based indications and
a practical approach for cardiologists who may en-

Introduction

Extracorporeal membrane oxygenation (ECMO) devices
were developed in the 1960s, primarily for use in cardiac
surgery. Their initial use outside of the operating room
was marked by many complications and technical
problems, which dropped the initial enthusiasm toward
more routine use.! Over time, improvements in cannula
design and coatings, the development of more efficient
membranes, and refinement in implantation techniques
gradually earned this technology its place in the inten-
sive care unit, initially in paediatric patients. Good initial
results in children motivated its use in adults, particularly
patients with acute respiratory diseases.' In the last 20
years, thanks to several encouraging results from case

counter acutely ill adult patients that may be ECMO
candidates.
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series and meta-analyses, the use of ECMO in cardiol-
ogy has increased dramatically. Currently, the Society
for Extracorporeal Life Support (ELSO) recommends its
use for selected patients in cardiogenic shock (CS) or
refractory cardiorespiratory arrest and for arrhythmic
storm. The goal of treatment can be as a bridge to re-
covery, decision, transplantation or durable mechanical
support? (Figure 1).

The objectives of this review are to understand the basic
functioning of a venoarterial ECMO (VA-ECMO), its indi-
cations, its haemodynamic impacts and the expected
complications, and to provide an update on the new de-
vices available and the foreseeable future for this type of
technology.
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Figurel. Venoarterial ECMO as a bridge.
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undetermined (bridge to decision, candidacy).

Left panel — Clinical scenarios: (A) In refractory cardiac arrest (extracorporeal cardiopulmonary
resuscitation); (B) in cardiogenic shock associated with acute myocardial infarction; (C) in the setting of
acutely decompensated chronic heart failure, myocarditis, etc,; or (D) in arrhythmic storm. Right panel -
Goals of support: (I) RECOVERY; (Il) durable left ventricular assist device; (lll) cardiac transplantation, or (IV)
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Methods

We performed a literature search using the MeSH terms
“extracorporeal membrane oxygenation” with the follow-
ing terms: "heart failure”, “cardiac arrest”, “cardiogenic
shock”, “heart transplantation”, “pulmonary embolism”,
“myocarditis”, “cardiac arrhythmias” and “myocardial in-
farction”. We reviewed all articles published in the last 5
years as well as their references for relevance and dupli-
cation, leaving 75 articles. This review is based on these
manuscripts, together with our clinical experience.

Review

The concepts of ECMO support

ECMO is a cardiopulmonary bypass machine that can
be used as respiratory or cardiorespiratory support.
Typically, it is composed of a centrifugal pump with the
adjunct of a gas exchange system. The device should
provide adequate cardiac output and gas exchange
(oxygenation and CO, extraction) to deliver nutriments
and perfusion to the body. It can be implanted central-
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ly, in the operating room or peripherally, usually via the
femoral vasculature (Figure 2).

In its veno-venous configuration (VV-ECMO), the blood
is drained from a large calibre vein (usually the femo-
ral), pumped through an extracorporeal membrane
responsible for gas exchange, and returned to the pao-
tient through another venous cannula, providing res-
piratory support. This modality is widely used in acute
hypoxaemic and hypercapnic respiratory failure (e.g.
viral lung diseases such as influenza, COVID—]9). The
factors determining the extent of oxygenation provided
include the FiO, selected, blood flow through the ECMO
and the patient’s native lung function; the amount of
CO, extraction is inversely proportional to the gas flow
through the membrane.?

In patients with CS, both circulatory support and ade-
quate gas exchange are required. Consequently, blood
is drained as for VV-ECMO support but is returned to the
patient’s arterial system, typically retrograde through the
femoral artery, a configuration called VA-ECMO. It can
generate a cardiac output up to 4-6 I/min, providing
adequate tissue perfusion in the absence of adequate
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Figure 2. Peripheral VA-ECMO.

femoral artery.
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Extracorporeal membrane oxygenation (ECMO) is a cardiopulmonary bypass device
that allows circulatory and respiratory supports. Using a centrifugal pump with a

gas exchange system, venoarterial (VA)-ECMO permits adequate cardiac output,
degree of oxygenation and CO, extraction. The most frequently used access site is the

@ Arterial Cannula
Head Pump and
Oxygenation Membrane

@ Venous Cannula

biventricular function. In the VA-ECMO configuration, ret-
rograde flow from the femoral artery increases aortic
pressure and left ventricular (LV) afterload, which may
worsen the native LV function of the already failing ven-
tricle. In situations of cardiac dysfunction but with some
residual contractility and coexisting respiratory fail-
ure, oxygenated blood from the membrane mixes with
oxygen-poor blood ejecting from the LV. As aresult, there
may be a decrease in the oxygen supply to the proxi-
mal branches of the aortic arch and poor oxygenation
may occur at the coronary and cerebral levels. This
syndrome, characterized by differential hypoxaemia, is
called the Harlequin syndrome and can lead to major
neurological consequences, more pronounced left ven-
tricular dysfunction and, therefore, ineffective ECMO sup-
port. Early diagnosis is key and arterial oxygen saturation
in the right upper extremity and cerebral oxygenation
should be monitored continuously; optimization of me-
chanical ventilation parameters may also be helpful. To
overcome this situation, options include modifying the
cannulas’ configuration for a venous-arterial-venous
ECMO (triple cannulation strategy using an internal jugu-
lar vein or femoral vein) or venous-venous-arterial ECMO
(in cases of right ventricular (RV) dysfunction), chang-
ing the arterial femoral inflow cannula toward an axillary

return, decreasing ECMO flow, or converting to a central
cannulation.?

Approach strategy and cannulation
in VA-ECMO

The ideal cannulation should provide the simplest, least
traumatic and most durable access for optimal sup-
port with reduced likelihood of complications, keeping in
mind that the amount of blood flow through the ECMO
depends more on the drainage from the venous can-
nula than on the size of the arterial cannula. Venous
cannulation should be performed using the Seldinger
technique with 19-25 Fr cannulas with peripheral access,
either jugular or femoral.

The most frequently used return site is the common
femoral artery because it does not require a surgical
cut-down and has a low rate of bleeding complica-
tions. From this approach, a distal perfusion cannula is
sited into the femoral superficial artery for distal per-
fusion, lowering the risk of lower ipsilateral extremity
ischaemia. Axillar approach permits for greater mo-
bilization, enhanced supra-aortic oxygenated flow,
and less complications such as limb ischaemia and
embolism.®
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The choice of size for the arterial cannula depends on
two aspects: the diameter of the artery and the flow re-
quired for circulatory support. They usually range from
15 to 23 Fr. The formula used to define its dimension is®:
maximal size that will be accommodated by the vessel
in Fris equal to the arterial diameter in millimetres times
three.

Types of pumps

There are two distinct types of pumping system: (1)
roller pumps, which provide a servo-regulation that is
safe, especially for prolonged use; however, they are
generally larger, heavier and are more prone to me-
chanical failure. (2) Centrifugal pumps, in which the ro-
tating pump head generates flow and pressure. They
were initially associated with haemolysis, venous line
thrombosis and generation of empty space caused
by increased suction pressure. Limitations in the speed
settings and improvements in the pumps and circuits
of the newer generations have solved these problems
in most cases. This type of ECMO is simple to assemble,
lightweight and portable.

Miniaturized ECMO

Due to the wide availability of ECMO teams, many pa-
tients can now receive temporary circulatory support
in community hospitals, or even in the field, and then
be transferred to tertiary care centres for considero-
tion of advanced therapies. In case of such emergen-
cies, providing fast, easy, and safe support is essential to
protect/recover end-organ function before CS pro-
gresses toward a cardio-metabolic one with multio-
rgan failure; ‘time to support’ has therefore become a
key metric of success.” Technological development led
to the advent of such ‘miniaturized’” ECMO, which are
simpler and more versatile than the traditional cardi-
opulmonary bypass machine, allowing patients to be
quickly supported outside of the operating theatre (e.g.
catheterization laboratory, cardiac intensive care units,
emergency department, and even out-of-hospital car-
diopulmonary resuscitation (CPR)).&°

Cardiohelp TM (Maquet Cardiopulmonary AG,
Hirrlingen, Germany

Cardiohelp is the most widely used portable device. It
consists of a series of disposable accessories that in-
clude percutaneous access cannulas (HLS® cannulas)
of shorter length, specifically designed with depth mark-
ers to guide insertion, coated with a biocompatible sur-
face to decrease the rate of bleeding complications.”
The kit also includes connectors, a Rotassist® centrifugal
pump and an advance 7.0 gas exchanger. It weighs ap-
proximatively 10 kg, which makes it easily transportable
and usable in many different settings. Other advantages
include its high safety profile, intuitive touch screen with
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advanced options.”? This small, biocompatible circuit has
been developed for shorter duration support and has
been shown to be equally effective than its larger com-
petitors during the first 24 hours of support, with efficient
gas exchange and similar complication rates!®® In ad-
dition, it exhibited similar intermediate-term outcomes
compared with other larger ECMO systems such as the
Centrimag (Abbot), Rotaflow (Getinge), Dideco ECC.05
(Sorin) and the Deltastream system with Hilite 700 Ip +
DP3 pump head (Medos Medizintechnik AG).2

TandemLife (LivaNova, Houston Texas, USA)
TandemHeart is a percutaneous device combining a
centrifugal pump and two cannulas; first, a suction can-
nulais positioned in the left atrium through a trans-septal
puncture via a venous access; this oxygenated blood is
drained by a 17-Fr diameter cannula to the TandemlLife
pump head and is returned to the femoral artery can-
nula (Figure 3). It was developed for the treatment of re-
fractory CS, a scenario in which it has been shown to im-
prove cardiac index and decrease pulmonary pressure
but does not have any proven impact on mortality.*® It
may also be used in presence of left-sided mechanical
valves (aortic valve replacement/mitral valve replace-
ment), when Impella is contraindicated.

Interestingly, it may be combined with an ECMO sys-
tem (Tandemlung Oxygenator), allowing for biven-
tricular support and gas exchange without the need
for a transseptal puncture. This system has a 0.9% sa-
line reservoir that allows rapid priming of the pump by
the nursing staff. A small study of five patients in CS
after myocardial infarction (MI) supported by an intra-
gortic balloon pump (IABP) demonstrated haemod-
ynamic improvements, providing a cardiac support
up to 4 I/minute but the mortality rate remained over
60%,*'® emphasizing once again the importance of early
mechanical support in these patients in CS, before the
advent of cardiometabolic shock and irreversible multi-
organ failure.

The device can also be configured for right ventricular
support, using a ProtekDuo® cannula in the pulmonary
artery: blood is extracted in the right atrium and ‘pushed’
into the pulmonary circulation. The main advantages of
the TandemHeart reside in its rapidity of donning, the
simplicity of the system, and its ability to increase car-
diac output.”

Impella and Breethe (ABIOMED, Danvers, USA)

This is an axial flow device that unloads the LV and cir-
culates the blood from the LV into the Aorta across the
aortic valve, thus decreasing LV and pulmonary pres-
sures whilst increasing cardiac output (Figure 3). Three
versions are available: LP 25 L, CP 35 L and LP 5.0. The
use of Impella® in CS has gained popularity in the last
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Figure 3. Contemporary, commercially available
percutaneous left ventricular (upper panel) and
right ventricular (lower panel) mechanical support
devices.

A IABP B Impella C Tandem Heart D ECMO

A TandemHeart with
dual lumen cannula

B Impella RP

ECMO, extracorporeal membrane oxygenation; IABP,
intro-aortic balloon pump.

Reproduced with permission from Mandawat A, Rao
SV. Percutaneous mechanical circulatory support
devices in cardiogenic shock. Circ Cardiovasc
Interv. 2017,10:e004337. https://doi.org/10.161/
CIRCINTERVENTIONS.116.004337

decade; initially used exclusively for LV failure, the ad-
vent of the Impella RP for RV support offers the possibility
to support the RV alone or in a biventricular combination
(called Bi-Pella). A case series of 20 patients using the
Bi-Pella configuration showed the feasibility to improved
cardiac output and decreased pulmonary artery pressure
but the mortality remnains high (50%). Factors associated
with poor outcomes included higher doses of inotropes
and lactate preimplantation and higher indices of RV
elevated afterload such as higher pulmonary artery
pressure (PAP), pulmonary vascular resistance (PVR),
pulmonary artery (PA) compliance and PA elastance,®
all associated with delayed support, re-emphasizing the
importance of minimizing the door-to-support interval.
Other groups have reported improvements in haemod-
ynamics and successful explant of the device*?°

Breethe Oxy 1° is an extracorporeal circulatory pump
with an oxygenation membrane meant to be combined
with an Impella. It weighs 21 kg, has a user-friendly touch
screen, improved biocompatibility and lower haemolysis
index when compared with similar pumps such as Rota-
Flow and Centrimag.?

drugsincontext.com

Strategies for LV unloading under
ECMO support

Due to its intrinsic mode of action (retrograde flow into
the arterial circulation), patients on ECMO support face a
markedincreasein LV afterload, withareciprocalincrease
in left atrial pressure leading to pulmonary oedema,
reduced native LV ejection, LV distension and/or LV
thrombosis.2? Although ventricular function may improve
under support, through correction of hypoxaemia, aci-
dosis and improvement in coronary perfusion, it is often
necessary to overcome the deleterious haemodynamic
conseqguences of ECMO on the LV;*2* two strategies —
passive or active/invasive — have been proposed.?

Passive strategies

Inotropic agents

B-Adrenergic or phosphodiesterase inhibitors can im-
prove myocardial contractility and alleviate at least par-
tially the increased LV wall stress induced by ECMO. They
should nevertheless be used with caution, as they can
contribute to increased oxygen consumption and cause
arrhythmias.

Vasodilation and establishing an euvolaemic state

Peripheral vascular resistance can be reduced with vas-
odilators, such as nitroprusside, whilst euvolaemia can be
achieved with diuretics and/or continuous haemofiltra-
tion, or haemodialysis in case of acute kidney injury, which
is commonly encountered in situations requiring ECMO.

High PEEP ventilation

Positive end-expiratory pressure (PEEP) over 10 cmH,0
is suggested to prevent ventilation/perfusion mismatch
due to atelectasis, especially in presence of lower tid-
al volumes, keeping in mind the potential deleterious
haemodynamic impacts of high levels of PEEP. Indeed,
increasing intra-thoracic pressure and pulmonary vas-
cular resistances in patients with RV dysfunction can
further decrease the cardiac output. Nonetheless, in
patients with predominantly LV failure, high levels of PEEP
reduce trans-mural left ventricular gradient and im-
proves LV ejection, which is helpful in presence of pul-
monary oedema.®* The ELSO recommend PEEP levels
between 5 and 15 cmH,O, individualized according to
each patient’s circulatory characteristics.?

Active/invasive strategies

We will briefly describe the most common unloading
strategies used in clinical practice. A thorough review of
these strategies can be found elsewhere.?* A comparison
of the different unloading strategies is described in Figure 4.

Intra-aortic balloon pump
The use of an IABP may unload the LV under ECMO sup-
port by both decreasing the LV end-diastolic pressure
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and improving coronary perfusion. Whilst this combi-
nation has been initially controversial, its advantages in
terms of haemodynamic improvement, weaning rate
and survival has been demonstrated.?® The optimal can-
didates for such a strategy seems to be patients in CS
post-cardiotomy or after M, potentially because of im-
proved coronary perfusion.?

Impella

This continuous flow device decreases LV and pulmo-
nary pressures and improves cardiac output, thereby
providing better LV unloading and coronary perfusion
than IABP, even in presence of arrhythmias. This strategy
has been shown in a multicentre cohort study of 686 pa-
tients to improve survival in comparison with VA-ECMO
alone but was associated with higher rate of complica-
tions.*® The main limitations are cost and the impossi-
bility to be used in case of severe aortic regurgitation or
aortic valve stenosis/calcification.

Central decompression cannula

LV decompression can also be achieved by surgically
inserting a cannula into the pulmonary artery, left atri-
um, or LV to directly drain blood into the ECMO circuit
and reduce LV diastolic pressure. It may therefore use-
ful for patients with post-cardiotomy shock on central
ECMO but can also be performed less invasively us-
ing an anterior mini-thoracotomy for LA drainage or
a transapical approach to directly drain the LV.3' Im-
planting a ‘central’ venous cannula into the left atrium
or pulmonary artery to drain into the ECMO circuit can
also be performed percutaneously.®? This convenient
approach is associated with improved survival com-
pared to VA-ECMO alone.®®

Interatrial septostomy

Finally, another alternative approach would be the cre-
ation of an atrial septal defect to unload the left atri-
um (LA); the consequential increased blood flow on the
right-side caused by the generation of this left-to-right
shunt can then be drained in the ECMO circuit by the
venous cannula present in the RA. This approach is ef-
fective for LA decompression, leads to LV improvement,
and is associated with reduced need for inotropes and
higher rates of successful ECMO weaning.®

The choice of one decompression modality over the
other depends on the cardiovascular substrate, the pos-
sibility of myocardial recovery and patient characteris-
tics (such as RV function, valvular disease, or presence of
mechanical valves), together with local expertise, avail-
ability and cost.

In a meta-analysis of 3997 patients (Figure 4)2 the use
of ventricular unloading strategies (IABP, percutane-
ous mechanical circulatory support (MCS) or interatrial

drugsincontext.com

septostomy) compared with VA-ECMO alone was as-
sociated with lower mortality (RR 0.79; 95% CI 0.72-0.87;
p<0.00001), without any statistically significant differ-
ences in terms of bleeding, limb ischaemia, renal re-
placement therapy, stroke, or multiorgan failure. Unfor-
tunately, important information related to mortality that
may confound these findings, such as the aetiology of
CS or time to support, are not provided in the publico-
tion. However, there was a higher level of haemolysis
when LV unloading strategies were used (RR 2.15; 95%
Cl1.49-3.11; p<0.0001).

ECMO in frequent scenarios
The different clinical scenarios are illustrated in Figure 1.

Refractory cardiac arrest

The use of ECMO in the context of refractory cardiores-
piratory arrest (CA) is called extracorporeal CPR (ECPR)
and provides circulatory support in the absence of re-
turn of spontaneous circulation (ROSC) during CPR ma-
noeuvres. Most of the current evidence comparing the
standard approach with ECPR comes from single-centre
retrospective studies, prospective observational regis-
tries and meta-analyses of case series.

Data from in-hospital CA are compelling, with clear ben-
efits of ECMO?®3¢ in terms of survival rate to discharge
versus usual CPR (HR 0.51; 95% CI 0.35-0.74; p<0.0001), 30
days (HR 0.47; 95% CI 0.28-0.77; p=0.003) and 1 year sur-
vival (HR 0.53; 95% CI 0.33-0.83; p=0.006).3

One meta-analysis of 3098 patients (708 ECPR versus
2390 CPR)¥ showed an absolute increase of 30-day
survival of 13% with the use of ECPR (95% CI 6—20; p<0.001)
compared with patients in which extracorporeal life
support was not used (number needed to treat (NNT) 7.7)
and a higher rate of favourable neurological outcome
at 30 days (absolute risk difference 14%; 95% Cl 7-20%;
p<0.0001; NNT 7.1). The overall long-term survival rate was
low in this refractory CA cohort but markedly better in
the ECPR group (28.7% versus 15.9%; absolute difference
15%; 95% CI111-20%,; £<0.0001; NNT 6.7). Patients in the ECPR
group were younger, more likely to have had an acute Ml
and undergo percutaneous coronary intervention (PCI);
nonetheless, propensity-matched analysis, including 5
studies and 438 patients (219 in both groups), showed
similar results. Neurological consequences according to
both the Pittsburgh and modified Glasgow scales also
favoured ECPR, with fewer sequelae.” These retrospec-
tive analyses have obviously many biases but suggest
that ECPR during refractory CA should be considered in
carefully selected patients.

Out-of-hospital CA (OHCA) is usually associated with
delayed initiation of CPR and prolonged resuscitation
efforts and, therefore, benefit of ECPR is less clear. Ini-
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Risk Ratio

M-H, Random (95% Cl)

Figure 4. Meta-analysis of mortality in patients treated with venoarterial extracorporeal membrane
oxygenation (VA-ECMO) with versus without left ventricular unloading.

Risk Ratio
M-H, Random, (95% CI)

Unloading No Unloading

Study or Subgroup  Events Total Events Total Weight
1.1.1 IABP

Aoyama, 2014 22 35 2 3 1.2%
Aso, 2016 330 604 708 1,046 14.3%
Brechot, 2018 45 104 92 155 7.5%
Doll, 2004 105 143 62 76 M.7%
Kai Chen, 2018 17 38 L% 22 3.9%
Lin, 2016 144 302 110 227 10.3%
Overtchouk, 2018 33 63 34 43 6.7%
Park, 2014 21 41 30 55 4.5%
Ro, 2014 41 60 139 193 9.7%
Sakamoto, 2012 62 94 4 - 5.6%
Tepper, 2018 15 30 22 30 3.9%
Wang, 2013 13 41 31 46 3.0%
Subtotal (95% CI) 1,555 1,900 82.3%
Total events 848 1,251

Heterogeneity: Tau? = 0.01; chi? = 20.26, df =11 (p = 0.04); 1> = 46%
Test for overall effect: Z = 4.35 (p < 0.0001)

1.1.2 Impella

Akanni, 2018 16 29 100 196 5.0%
Pappalardo, 2017 16 34 98 123 4.7%
Patel, 2018 17 30 28 36 4.9%
Subtotal (95% CI) 93 355 14.6%
Total events 49 226

Heterogeneity: Tau? = 0.06; chi? = 5.62, df = 2 (p = 0.06); I* = 64%
Test for overall effect: Z =1.42 (p = 0.16)

1.1.3 RUPV or Transseptal Left Atrial Cannula

Poptsov, 2014 2 28 6 18 0.4%
Shmack, 2017 9 20 21 28 2.7%
Subtotal (95% CI) 48 46 3.1%
Total events n 27

Heterogeneity: Tau? = 0.25; chi® = 1.77, df = 1 (p = 0.18); 1> = 44%
Test for overall effect: Z = 1.66 (p = 0.10)

Total (95% ClI) 1,696 2,301
Total events 908 1,504

Heterogeneity: Tau? = 0.01; chi® = 30.71, df = 16 (p = 0.01); I> = 48%
Test for overall effect: Z = 4.89 (p < 0.00001)

Test for subgroup differences: chi? = 1.50, df = 2 (p = 0.47); I> = 0%

100.0%

662. https://doi.org/10.1016/jjacc.2018.10.085
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tial reports showed similar low survival (15%) and higher
rates of neurological and device-related complications
compared with conventional CPR2® More recently, reg-
istry data failed to show any difference in survival (ECPR
8.4% versus CRP 8.6%; p=0.41) with propensity-matched
scores. Nevertheless, improved survival was seen in
those with an initial shockable rhythm, transient ROSC
during resuscitation and ECMO implantation before hos-
pitalization* highlighting the even more crucial role of
OHCA patient selection for ECPR candidacy.

There are few prospective studies in this situation. In a
single-centre, open-label, randomized trial of 30 pa-
tients with OHCA and refractory ventricular fibrillation
(without ROSC after three shocks), on automated CPR
and with an estimated transfer time shorter than 30
minutes within the Lund University Cardiac Arrest Sys-
tem, the use of ECPR was associated with an absolute
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increase in survival to hospital discharge of 36% com-
pared with CRP only (43% and 7%, respectively), with a
posteriori probability of ECMO superiority of 0.9861. The
study was stopped prematurely by ethic committee
due to the excess benefits of an early ECMO strategy.*

Another single-centre randomized trial of 256 OHCA
patients showed a trend toward improved survival with
minimal or no neurological impairment at 180 days
(31.5% and 22.0% for ECPR and CPR, respectively, abso-
lute difference of +9.5%, 95% CI —1.3 to 20.1; /o=0.09) and
similar trend in the rate of cardiac recovery at 30 days
(43.5% and 34.1% for ECPR and CPR, respectively; absolute
difference 9.4%, 95% Cl -2.5 to 21; ,o=0.12).4‘

ECPR provides robust circulatory support, rapid hypo-

thermia and neurological protection that facilitates
procedures, such as primary angioplasty or pulmonary
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thrombectomy, to treat the initial cause of CA.352¢ Giving
priority to prompt mechanical circulatory support to im-
prove tissue perfusion and halt the progression toward
a cardio-metabolic shock, over restoring the coronary
circulation, requires a change in mindset, especially in ST
elevation myocardial infarction-associated shock and
CA but is mandatory to improve outcomes.

Criteria associated with improved prognosis with ECPR
include patients who presented refractory CA for more
than 10 minutes despite the use of CPR with no-flow
times less than 5 minutes; prompt ECMO initiation; and
short implantation time, defined as the arrival of the im-
plant team in less than 10 minutes during the day and
up to 30 minutes at night, with a short cannulation time
between 10 and 15 minutes.'*53¢

A recent report from the Canadian Cardiovascular Soci-
ety revealed that most of cardiac transplantation cen-
tres have developed detailed ECMO protocols, which
is not the case in hospitals with only vascular surgery
on-site. The identification of their key elements would
be essential in the development of practice manuals
to contribute to a standardized national protocol of ex-
tracorporeal life support for optimal patient care.*? Such
criteria for consideration of ECPR candidacy are pre-
sented in Box 1.

ECMO in CS

CS is a critical haemodynamic situation characterized
by hypoperfusion and signs of tissue damage, due to
acute ischaemic or non-ischaemic event or disease
progression, with or without a history of chronic heart
failure. It is associated with a very high but variable mor-
tality depending on its aetiology and definition. In order
to harmonize definitions and compare outcomes, the
Society for Cardiac Angiography (SCAI) has developed
a common classification.*

Box 1. Suggested criteria for extracorporeal CPR
candidacy consideration.

Age under 65 years

Shockable initial rhythm

Witnessed cardiac arrest

Cardiopulmonary resuscitation (CPR) initiation in less
than 5 minutes

No return of spontaneous circulation after 15 minutes of
regular CPR

Serum lactates below 12 mmol/l

Reproduced with permission from Fagan A, Grunau
B, Caddell A, et al. CEPP: Canadian Extracorporeal Life
Support (ECLS) protocol project. CJC Open. 2022;4(6):
520-531. https://doi.org/10.1016/j.cjc0.2022.02.005
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The paucity of good quality randomized-controlled trials
is noteworthy. For example, the classic pillars of phar-
macological therapies (inotropes, vasopressors) are as-
sociated with poor survival and controversial evidence
at best and they have been associated with increased
oxygen demand, myocardial ischaemia, arrhythmias
and, in certain circumstances, higher mortality.®” Similar
controversy still existed with the use of IABP,*® suggest-
ing that re-establishing circulation should be performed
early to avoid the evolution from a purely circulatory
problem toward a multisystemic inflamsnmatory process
or cardio-metabolic shock. The concept of ‘door-to-
balloon’, which allowed a change in mortality in M, has
been translated to a ‘door-to-support’ concept in pa-
tients with CS as no device-based strategy has improved
survival without changing the system of referral.’#*

ECMO can be use in transition from the SCAI shock stage
C (Classic CS) to D (Deteriorating) and even in stage E
(Extremis).*® The selection of candidates for support, the
timing and the choice of devices in CS are subjects of
heated debates. Early mechanical circulatory support
implies assuming possible unnecessary complications.
On the other hand, in patients with signs of irreversi-
ble multiorgan dysfunction, ECMO may be futile.¥4* The
underlying diagnosis and individual risks must also be
considered to plan the trajectory of care: is there a long
term or ‘B’ plan such as cardiac transplantation, durable
ventricular assist device, arrhythmia ablation (ventricu—
lar tachycardia, treatment of atrial fibrillation address-
ing the pulmonary veins or the auriculo-ventricular
junction), or is the goal recovery? Hence, anticipating
the duration of support and the type of strategy are es-
sential in the thinking process for ECMO use as part of a
global bundle of care, with early involvement of the car-
diac transplantation team. Use of temporary MCS does
not save lives per se but a timely and appropriate use
of support can.

Initiation of MCS in CS should be performed after a short
(undefined) course of inotropes. The choice of device
may vary according to individual sites, experience and
availability but ECMO should usually be preferred in pres-
ence of biventricular dysfunction, as defined by Cardi-
ac Index lower than 2.2 I/min/m? Wedge over 15 mmHg,
right atrial pressure-to-Wedge ratio over 0.8, pulmonary
artery pulse index <1.85, and cardiac power output low-
er than 0.6 and/or the presence refractory ventricular
arrhythmias (ventricular tachycardia or ventricular fi-
brillation). Biochemical criteria®4 include serum lac-
tates >56 mmol (with an upper limit of 12 mmol/l) and/
or the incapacity to clear the lactates, pH <7.20, mixed
venous saturation <50%, central venous oxygen satura-
tion (ScVO,) <55%, hypoxia/hypercapnia and >50% drop
in glomerular filtration rate.*?
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CS as a complication of MI

CS is the leading cause of death in patients with M.
Whilst the mortality in all-comers Ml is below 5%, overall
mortality in Mi-associated CS (MI-CS) remains high,
around 40-70%, and has not changed in the last two
decades despite treatment with inotropes, vasopressors
and diuretics.#

The use of IABP has been the mainstay of MCS in MI-
Cs for over two decades but its use declined after the
IABP shock Il study showed no improvement in 30-day
survival=%° The use of Impella 2.5 has shown interest-
ing initial results. In the USPella study, patients in CS had
higher survival to discharge (65.1% versus 40.7%, p=0.003)
if the Impella was implanted before PCL%° The National
CS initiative® was a single-arm prospective study using
the same inclusion criteria as the IABP SHOCK trial and
evaluated the use of Impella (mostly CP Impella) in the
early stages of MI-CS (pre-PCl), and showed a survival
rate of 72%, a dramatic improvement over the results of
the previous studies such as SHOCK (53%),%” IABP SHOCK
(60%)* and Culprit SHOCK (49%).%2

Currently, no randomized-controlled study has been
published on ECMO use in MI-CS. A meta-analysis of the
International Society of Heart and Lung Transplantation
(ISHLT), including 80 studies and 7774 patients undergo-
ing ECMO support for AMI-CS, showed a 30-day mortal-
ity rate of 60%.5® Many factors may account for this poor
prognosis as mortality in AMI-CS does not depend solely
on the establishment of mechanical circulatory assis-
tance. Predictors of poor outcomes include advanced
age, sub-optimal angioplasty results (TIMI 2 flow), pres-
ence of profound shock (scal stage E) at the time of
implant, end-stage heart failure, CPR secondary to asys-
tole and late timing of support. All these factors illustrat-
ed very high-risk patients for whom decision to undergo
temporary MCS or not should be taken promptly, on an
individual basis by a Heart team.

CS resulting from myocarditis

Patients who develop refractory CS as a complication
of myocarditis may benefit from early temporary MCS
and ECMO (in cases needing biventricular support) as
a bridge to recovery, left ventricular assist device (LVAD)
or transplantation. Transfer to a transplantation cen-
tre should be considered early on for those eligible. The
advantages of this strategy over the primary implant of
a durable LVAD are two-fold. First, it allows for the pos-
sibility of myocardial recovery before deciding on du-
rable support. Second, even if the patient becomes an
LVAD candidate, the implantation will be performed with
much lower surgical risk in INTERMACS 3, stable on ino-
tropes, versus the crash and burn INTERMACS 1 profile.>
Recovery rates of ventricular function with ECMO have
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been reported to be between 60% and 80%,% depend-
ing on the aetiology (higher for lymphocytic myocardi-
tis, lower for giant cells myocarditis or sarcoidosis in the
absence of specific treatment, with the lowest for acute
decompensation of chronic myocarditis). In multicentre
studies, a survival rate between 57% and 66% has been
demonstrated with the use of ECMO in CS associated
with myocarditis.®®

CS in transplantation candidates

ECMO has the advantages of being mobile, easily de-
ployable and suitable for emergencies. In patients with
end-stage heart disease, it may serve as a bridge to de-
finitive therapies. Although durable LVADs are currently
the most widely used option as bridge to transplantation
in the United States, the results of patients with INTERMACS |
profile are poor.5* Hence, temporary MCS should be used
to stabilize the patient first, allowing recovery from end-
organ dysfunction but also triaging between patients at
high risk of dying and survivors, who will then undergo du-
rable LVAD implantation at a much lower risk, a strategy
called bridge-to-bridge. This explains the higher short-
term and medium-term mortalities in patients undergo-
ing ECMO compared with those with durable LVAD.56%7

UNOS changed its priority system for organ allocation in
2018 and gave patients undergoing ECMO the highest pri-
ority for cardiac transplantation.®® This has translated in
an increase in VA-ECMO implantation (14 patients in 2010
and 107 in 2020), a lower waitlist time for those support-
ed (5 days versus 31 days; p<0.001) and higher incidence
of transplantation (815% versus 43% at 1 year; p<0.001).
Consequently, as the new system is a faster pathway to
transplantation, a lower incidence of cardiac recovery
was described (1.5% versus 7.9% at 1 year; p<0.001).5

CS after cardiac surgery

Primary graft dysfunction

is one of the major causes of death after heart trans-
plantation and occurs in up to 24% of patients. The use of
ECMO in this situation is associated with a weaning rate
of 68%, hospital discharge of 50% but long-term surviv-
al thereafter similar to the patients with normal cardiac
function after transplantation.®®

Post-cardiotomy shock

remains the main indication of VA-ECMO, mostly by
failure to wean-off from cardiopulmonary bypass after
cardiac surgery, in the presence of LV, biventricular or
respiratory failure. Complications of ECMO in this setting
are higher than for other situations, with 30% of patients
experiencing neurological complications, bleeding rate
of 90% and variable survival, ranging from 16% to 52%;5°
the reported mortality was 15% in a publication from the
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ELSO registry in 2017.° Patients undergoing coronary re-
vascularization combined with aortic valve replacement
seem to be more at risk, possibly due to the combination
of a hypertrophic myocardium coupled with underlying
ischaemia in these patients.5?

Drug-induced CS

Many medications can lead to severe cardiac injury/
depression causing drug-induced CS. In this setting,
ECMO can provide circulatory and respiratory support
but not toxin removal per se. According to a retrospec-
tive analysis of 104 adults from the ELSO registry, the most
frequent classes of drugs involved are cardiovascular
(47%), opioids (6.7%), cocaine (4%) and antidepressants
(4%), with various cardiac depressor agents accounting
for another 23%. Survival to discharge was 52.9%, with a
median duration of VA-ECMO of 68 hours (IQR 48-113).
Non-survivors showed persistent acidosis at 24-hours
after VA-ECMO cannulation compared to survivors both
in terms of lower pH (pH 7.42 (IQR 7.35-7.46) versus 7.30
(721-7.44); p=0.003) and bicarbonate levels (HCO;
24 mmol/L (IQR 20-26) versus 20 (IQR 16—24); p=0.005). Re-
nal replacement therapy (50.9%) and arrhythmia (26.3%)
were the most frequently reported complications.®

Pulmonary embolism

A massive pulmonary embolism (PE) is defined by circula-
tory collapse, RV dysfunction and hypoxaemia. VA-ECMO
can provide haemodynamic support by off-loading the
RV and providing cardiopulmonary bypass, which then
facilitates mechanical or pharmacological thromboly-
sis. Although there are no prospective, multicentre stud-
ies, many publications showed improved survival rate
(though variable) with the use of ECMO 8466

By contrast, a recent meta-analysis of 1138 patients
receiving VA-ECMO support compared with a control
group of 809 patients showed no differences in short-
term survival (RR 0.91, 95% CI 0.71-116).87 Risk factors for a
lesser survival were age >60 years (RR 0.72,95% Cl 0.52—
0.99; p<0.05) and the presence of CA before or during
VA-ECMO initiation (RR 0.88, 95% CI 0.77-1.01; p=0.06),
whilst the use of surgical embolectomy was associated
with improved survival (RR 1.96, 95%CI 1.39-2.76; p<0.01).
Although CA due to a massive PE is a very extreme en-
tity, with a survival rate of only 34%, it remains higher
than previously reported with the use of thrombolysis
only (16%).% Therefore, the current ESC guidelines (2019)
recommend consideration for ECMO in patients with PE
and refractory circulatory collapse or cardiac arrest, in
association with surgical or catheter-guided embolec-
tomy (class Iib, level of evidence C).%°

Patients with PE-associated shock supported by ECMO
have higher rate of complications and increased bleed-
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ing risk, especially if previously treated with thrombolyt-
ics. On the other hand, anticoagulation may facilitate
reperfusion in the pulmonary circulation and reduce the
incidence of long-term pulmonary arterial hypertension,
therefore potentially reducing the need for embolecto-
my and its potential associated supplementary risk.”®

ECMO complications

Arterial dissection, pseudoaneurysm and retroperitoneal
bleeding are the most common vascular complications
related to cannulation and occur in 7-14% of patients.
The treatment of arterial dissection depends on the
presence of signs of ischaemia and varies from con-
servative strategies to the placement of a stent and re-
placing the arterial cannula into another access. Large
pseudoaneurysms and those associated with an arteri-
ovenous communication need chirurgical intervention.
Retroperitoneal bleeding can occur in the presence of
anticoagulation, even with minimal vascular injuries; a
decreasing haematocrit, increasing lactates level and
haemodynamic deterioration are clues suggestive of
this condition. A CT scan should be performed to con-
firm the diagnosis, with management including transfu-
sion, reversal of anticoagulation and, in refractory cases,
endovascular embolization.”””2 On the other hand, the
presence of thrombi within the circuit is associated with
stroke and poor neurological outcomes.

Table1. ECMO complications.

ECMO complications Rate (%)
Circuit components clots 9.2
Haemolysis 34
Cannulation site bleeding 125
Surgical site bleeding 14
Cardiac tamponade 44
Pulmonary haemorrhage 2'8
Central nervous system 14
haemorrhage

CNS infarction 85
Renal replacement therapy 29.6
required

Culture-proven infection 7.6
Limb ischemia 38
Limb amputation 0.7

Reproduced with permission from Lorusso R, Shekar K,
Maclaren G, et al. ELSO interim guidelines for venoarterial
extracorporeal membrane oxygenation in adult cardiac
patients. ASAIO J. 2021;67(8):827-844. https://doi.
org/101097/MAT.0000000000001510
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The potential benefits of ECMO must always be weighed
against its possible complications. The balance between
thrombosis and anticoagulation is possibly the most
delicate issue during ECMO support. New types of coat-
ed cannulas allow for full reversal of anticoagulation af-
ter cardiac surgery, without requirement for intravenous
heparin therapy for up to 24 hours. Whilst anticoagula-
tion would be required for longer-term support, the op-
timal agent and dosage have not yet been determined;
targeting a partial thromboplastin time between 70 and
90 seconds’™ has been associated with fewer haemor-
rhagic complications but there is currently no standard-
ized protocol. Finally, ECMO support is associated with
many other complications. The types and rates of these
complications in the 14,580 patients included in the ELSO
registry have been reported (Table 1).7

Conclusions

VA-ECMO as a mechanical circulatory support coupled
with an oxygenation membrane is a versatile tool for
critical patients. It is mobile, easily deployable and as-
sociated with a rapid haemodynamic response. Com-
plications are frequent, so careful selection of patients is
necessary to avoid indiscriminate and futile use.

ECMO can provide adequate organ and tissue perfusion
in the presence of inadequate native cardiac output but
does not by itself improve ventricular function and may
even decrease it, by increasing the afterload to a failing

drugsincontext.com

LV. The outcomes vary according to the characteristics
of the patient, the cardiovascular substrate, the possibil-
ity of recovery, the supportive treatments, the metabolic
factors present at the time of implantation and the im-
pact on circulation during circulatory support. The most
important factor for good outcomes is the interval of
time spent in CS before MCS support.

Whilst the optimal door-to-support time remains to be
defined, applying clinical judgement according to the
different scenarios herein presented might be useful.
The candidates for ECMO support consideration are ex-
tremely sick and MCS is often their last option, despite
the low survival rate. A multidisciplinary approach with
early involvement of the heart team, including cardiac
transplantation, development of protocols and strict
selection of patients is the mainstay of a successful CS
programme, evaluating all therapeutic options (includ-
ing MCS) according to the patient’s specificity, goals and
preferences (when available).

New smalller devices have revolutionized the way of ECMO
is deployed. With percutaneous approaches, user-friendly
software and new circuits, the use of this strategy is be-
coming less complex and safer. The evidence supporting
the use of ECMO comes mostly from retrospective, sin-
gle-centre, or meta-analysis studies. More prospective,
randomized studies are necessary to better understand
its use in different situations, accepting that they would be
difficult to conduct given the absence of alternatives for
physicians facing acutely and severely ill patients.
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