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The main reason for the emergency implantation of venoarterial extracorporeal
membrane oxygenation (VA-ECMO) is the restoration of adequate systemic perfusion,
while protecting the failing heart and promoting myocardial recovery are equally im-
portant goals. Following initial haemodynamic stabilization and often the urgent re-
vascularization of the culprit lesion, the clinical focus is then directed towards the
most efficient strategy for cardioprotection. Frequent echocardiography measure-
ments may help to estimate the degree of unwanted left ventricular (LV) overloading
during VA-ECMO. Additionally, the estimation of high LV filling pressures by Doppler
echocardiography or their (in-)direct measurement using a dedicated surgical left
atrial pressure line and conventional pulmonary artery catheter in a wedge position
or a pigtail catheter in the left ventricle can be performed. Mechanical overload of
the left ventricle is the major adverse effect and an obvious mechanistic and prog-
nostic challenge of contemporary ECMO care. Many efforts are under way to over-
come this phenomenon by LV unloading, which was effectively achieved by the cur-
rent combined approach using an axial decompression device, while novel technical
developments and approaches are tested and urgently anticipated. The aim of this
report is to introduce in depth pathophysiological background, current concepts, and
future perspectives in LV unloading strategies.

Introduction and pathophysiological
considerations

A well-recognized and accepted indication for venoarterial
extracorporeal membrane oxygenation (VA-ECMO) is se-
vere cardiogenic shock and refractory cardiac arrest resis-
tant to conventional treatment.

The main reason for the emergency implantation of VA-
ECMO is the restoration of adequate systemic perfusion,
while protecting the failing heart and promoting myocar-
dial recovery are equally important goals. The most
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frequent approach to establish emergency VA-ECMO is pe-
ripheral, bifemoral cannulation using a long venous can-
nula that goes through the inferior vena cava to the right
atrium and a short arterial cannula implanted retro-
gradely via the femoral to the iliac artery. Following ini-
tial haemodynamic stabilization and often the urgent
revascularization of the culprit lesion, the clinical focus is
then directed towards the most efficient strategy for car-
dioprotection. Optimal organ perfusion is mediated by
the total cardiac output, i.e. the sum of extracorporeal
and native systemic blood flow, which aids in protecting
peripheral organ function, but adverse effects may arise
from altered myocardial loading conditions, i.e. mechani-
cal stress and strain. These forces act proportionally to
the degree of extracorporeal membrane oxygenation
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(ECMO) support flow and can potentially create deleteri-
ous myocardial mechanical overload, which further jeop-
ardizes the already injured myocardium and may
negatively affect cardiac recovery.'"?

From a pathophysiological perspective, ECMO has an im-
pact on several compartments of the circulation.
Comparison of ECMO and other mechanical circulatory sup-
port devices including main characteristics, advantages
and complications are outlined in Tables 1 and 2.

Venous system

VA-ECMO implantation initially leads to blood redistribu-
tion to the ECMO circuit, but after that, in contrast to
intraoperative heart-lung machine (HLM) circulation, the
venous system is only partially further unloaded by ECMO.
This occurs because the venous system is the only capaci-
tance vessel in the circulation, and in addition, sufficient
venous filling is a prerequisite for proper ECMO function.
Thus, ECMO cannot fully unload the right heart.

Left ventricle

As outlined above, peripheral VA-ECMO represents a closed
extracorporeal circulatory system in contrast to the HLM,
which features an open reservoir that allows the right heart
to continue at least residual ejection feeding to the left
atrium and ventricle. Moreover, it should be noted that the
areas supplied by the bronchial arteries are dominantly
drained via pulmonary veins towards the left atrium and
the left ventricle. This would theoretically also occur even
if pulmonary artery flow was completely abolished and aor-
tic regurgitation was absent. In the situation where ECMO
needs to be modified to augment arterial pressure to a de-
gree that prevents the acutely diseased left ventricle from
ejecting, the deleterious consequences are progressively

compromises endomyocardial perfusion, increases LV wall
tension, elevates pulmonary venous pressure (triggering
hydrostatic pulmonary oedema) and, last but not least,
leads to blood stasis cumulating in a significant and poten-
tially deadly risk of extensive thrombosis in the left ventri-
cle, aortic root, and the small circulation.

Coronary arteries

In peripheral VA-ECMO, the coronary circulation is the most
remote arterial vascular bed from a circulatory viewpoint. If
the precarious state of ‘no forward flow through the aortic
valve’ is impending, the coronary arteries are solely fed oxy-
genated blood from ECMO, but coronary circulation is im-
peded by coexisting high diastolic ventricular pressures. If
there is residual forward blood flow through the aortic valve,
this blood originates from the lungs, which are typically com-
promised by severe pulmonary oedema, and this forward
flow of hypoxaemic blood dominantly feeds the first branches
of the arterial tree, namely, the coronary arteries.
Unfortunately, this proximal aortic root hypoxaemia cannot
be reliably detected by any clinical oxygenation monitoring,
including right-hand pulse oximetry, unless direct sampling
from the diagnostic or guiding catheters during coronary angi-
ography or percutaneous intervention is performed.

This type of acute left heart disease with increased car-
diac oxygen demand due to high wall tension, myocardial
oxygen wasting, and catecholamine-driven metabolic acti-
vation combined with compromised coronary microcircula-
tion and coronary hypoxaemia has not been sufficiently
studied clinically but may well in part explain the disap-
pointing results of ECMO support in cardiogenic shock.

From a pathophysiological perspective, it should be
stressed in this context that in peripheral VA-ECMO, the
right ventricular preload tends to be reduced due to cen-

rising left ventricular (LV) diastolic pressure that tral venous blood drainage. However, a relatively well-
Table 1 Mechanical circulatory support (MCS) devices—characteristics
VA-ECMO Impella family TandemHeart ProtekDuo
Impella2.5 ImpellaCP  Impella Impella5.5 Impella RP
5.0/LD
Access Percutaneous, Percutaneous, Percutaneou- Surgical, Surgical, Percutaneo- Percutaneous, Right internal
femoral® femoral® s, femoral® axillary/  axillary/ us,femo- transseptal jugular
(arterial, femoralor femoralor ral vein
venous) ascending ascending
aorta aorta
Mechanism RA — aorta LV —aorta LV —aorta LV—aorta LV — aorta LA — aorta RA — PA
(oxygenation) (*oxygenation)
Output (max) 5.0-7.0L/min  2.5L/min  3.7L/min 5.0L/min 5.5L/min 4.6 L/min 5L/min 4.5 L/min
Cannula size 15-23 arterial 12F 14F 21F 21F 22F 15-17 arterial 16-29F
19-28 venous 21 venous
Cardiac power m 1 7 11 m [ 1 7
Afterload 7 ! l ! ! ! 1 1
Coronary — 1 7 11 " - - -
perfusion

LV, left ventricle; PA, pulmonary artery; RA, right atrium.
®0ccassionally axillary.
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Table 2 Advantages and complications of different MCS techniques

VA-ECMO IMPELLA ECpella
2.5/CP 5.0/5.5 ECMO + Impella ECMO + Impella 5.0
2.5/CP
Insertion Percutaneous Percutaneous Surgical Percutaneous Percutaneous
(surgical) (surgical) surgical
Support level Full biventricular Partial LV support  Full LV support Full biventricular Full biventricular
support support, support,
unloading unloading
Coronary perfusion — T M T T
Peripheral tissue " i m mr mr
perfusion
Oxygenation Yes No No Yes Yes
Mobilization 12 | or1? i ! 1
ambulation
Recovery/bridge to T T Il i "
Vascular i 7 7 i 7
complications
Bleeding” 11 1 t 111 111
Infectious " 1 l " "
complications
Haemolysis T T l " "

2Depending on access. Axillary access will allow mobilization/ambulation both in ECMO and with Impella 2.5/CP, but is rarely used.

PConsidering best practices in access management and anticoagulation.

preserved right ventricular ejection may still play a pivotal
role in LV overload.? In contrast, the significant increase in
LV afterload is largely mediated by retrograde aortic extra-
corporeal blood flow and maintained by direct and continu-
ous reinfusion into the iliac artery in a retrograde fashion.
As a consequence, especially in a severely compromised
left ventricle, the dilatation and cessation of contractility
may ensue, with the virtually persistent closure of the aor-
tic valve and resulting impending cavity and aortic root
thrombosis (Figure 1). Moreover, it is well known that the
presence of pulsatile vs. non-pulsatile blood flow has a
broad range of clinically important consequences, and
‘non-pulsatility’ is defined as a pulse pressure of less than
15 mmHg.*

In this kind of typical clinical scenario, the conditions of LV
(over)load are usually directly evaluated in terms of a need
for an additional unloading strategy. In daily practice, the de-
cision to perform an unloading intervention is rather complex
and depends on various aspects, such as patient-specific
requirements, procedural benefits, risks and limitations.
Importantly, it should be generally recognized that in cases of
severe cardiogenic shock and significant LV overload during
VA-ECMO, additional interventions are often justified (Figure
2.). Obviously, conservative measures and optimal VA-ECMO
management are compulsory in this setting and may relieve
cardiac mechanical overload to some degree. However, they
may be significantly less effective than appropriate addi-
tional invasive strategies for LV unloading during VA-ECMO.

Clinical aspects of left ventricular unloading

Clinical decisions should generally be guided by carefully
considering potential therapeutic benefits and risks in

every individual case, including the intended goal and
expected length of the bridging strategy with VA-ECMO.

Left ventricular overload at any time during VA-ECMO
may occur in up to 70% of patients; however, urgent de-
compression is undertaken in only approximately 10% of
patients, whereas an additional 20% might need an unloa-
ding intervention at a later stage.>®

The appropriateness of unloading and the effort to avoid
low- to non-pulsatile states has to be strongly individua-
lized. Notably, clinical studies and literature analyses
suggest improved outcomes when adjunctive unloading
strategies are deployed.®’

In routine clinical practice, patients under high-flow
VA-ECMO support (>4L/min) who exhibit a dilated left
ventricle with nearly absent native left ventricular con-
tractility should always be considered at a very high risk
for significant LV overload.? > Moreover, the right-left ven-
tricular interaction is of paramount importance, as sus-
tained right ventricular contractility may actually
contribute to mechanical overload, which negatively
impacts the failing LV myocardium. In this setting, despite
right ventricular drainage, it may still be capable of ejec-
ting enough blood via the left atrium into the failing left
ventricle, which is facing an increased afterload medi-
ated by the retrogradely directed extracorporeal flow in
the aorta towards the left ventricle.? Therefore, parado-
xically, preserved right ventricular function is a critical
additional risk factor for significantly overloading a failing
left ventricle under VA-ECMO support.>

Again, paradoxically and in contrast to what was stated
above, following LV unloading initiation, appropriate right
ventricular ejection and flow generation is needed to faci-
litate actual unloading and to avoid ‘over-unloading’. This
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Figure 1: Extensive LV/small circulation thrombosis
Source: University Hospital Basel, Basel, Switzerland

right-left and left-right interaction is truly very dynamic,
and the balance has to be maintained continuously.

Generally, frequent echocardiography measurements
may help to estimate the degree of unwanted LV overloa-
ding during VA-ECMO simultaneously with the occurrence
and aggravation of pulmonary oedema on serial chest X-
rays or decreasing pulmonary compliance. Additionally, the
estimation of high LV filling pressures by Doppler echocar-
diography or their (in-)direct measurement using a dedi-
cated surgical left atrial pressure line and conventional
pulmonary artery catheter in a wedge position or a pigtail
catheter in the left ventricle can be performed.

Conservative and pharmacological
management to optimize LV (un)loading

Conservative measures alone or in combination may be ef-
fective enough to unload the left ventricle during VA-ECMO
support in mild and moderate cases. Both a reduction in
the circulating volume and vasodilation, if possible, i.e.
pre- and afterload reduction, are encouraged to optimize
LV overload during extracorporeal support. Furthermore,
the initiation of inodilators, e.g. dobutamine, milrinone, or
levosimendan, may ameliorate LV overload, but potentially
at the expense of inadvertent cellular effects, e.g. in-
creased oxygen demand and intracellular calcium over-
load, which negatively affect recovering cardiomyocytes
and frequently lead to various (supra-)ventricular arrhyth-
mias. In mechanically ventilated patients, an adequate
level of positive end-expiratory pressure, e.g. >8-10cm
H,0, theoretically supports LV mechanics and avoids pul-
monary oedema, atelectasis and, in the longer run, poten-
tially concomitant acute lung injury and related sequelae.®
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Invasive measures to optimize LV (un)loading

Anecdotally, a large-bore LV pigtail catheter connected to
the venous line of the VA-ECMO circuit has been used to
drain/unload the left ventricle, but it is not being used rou-
tinely to the best of the authors’ knowledge. In contrast, the
combination of VA-ECMO with an intra-aortic balloon pump
(IABP) has long been advocated for LV unloading, and several
studies have suggested that it might help to reduce capillary
wedge pressure and pulmonary oedema and might even pro-
mote survival”'>!"; however, its routine use during VA-ECMO
is not unequivocally agreed upon. In this context, it should be
noted that on theoretical grounds, only up to an approxi-
mately 5mmHg reduction in LV filling pressures may be
expected from the adjunctive use of an IABP.

Other invasive measures are considered more powerful
adjunctive unloading strategies, as quantified in simulation
experiments, but they may require more invasive proce-
dures or even surgery.> Among those measures, the use of
an Impella device, commonly referred to as the ECpella (or
ECMella) strategy, can yield very powerful LV unloading
effects and is characterized by acceptable invasiveness
(see below). Moreover, indirect and direct venting of the
left ventricle has been described, e.g. atrial transseptal
catheterization, atrial septostomy, pulmonary artery
drainage/venting, transaortic venting and direct left atrial
and LV venting. All the latter techniques have shown to
have different unloading potentials and are characterized
by procedural peculiarities that require sufficient ope-
rational and critical care management experience.?> 12

The evidence for the effectiveness of all of the above
techniques (IABP, tandem heart, transseptal venting, etc.) is
rather limited and variable."”? For reports on the
TandemHeart and atrial septostomy, mostly case series have
been reported, whereas a comprehensive meta-analysis
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Figure 2: The differential haemodynamic effects of cardiogenic shock in acute myocardial infarction with mechanical support by ECMO, Impella, and
their combination is modelled based on the Basel Virtual Patient, a multi-organ computational patient simulator at the University Hospital of Basel.
Panels A-C shows parameters over time, and Panel D shows the left ventricular pressure/volume loops at the time points indicated by coloured bars in
panels A-C, with violet: unsupported cardiogenic shock (CS); green: CS with ECMO support at 3.5 L/min; blue: CS with Impella support at 3.5 L/min; red:
CS with ECMO at 2 L/min plus Impella at 2 L/min. Starting with a normal cardiac function at baseline (heart rate, 60/min), a myocardial infarction-trig-
gered shock state is induced by partial loss of contractile left ventricular myocardium [reduced overall left ventricular (LV) systolic contractility], im-
paired LV diastolic function (delayed relaxation and increased stiffness), resulting in acute heart failure and triggering adrenergic activation with
tachycardia (120/min), systemic and pulmonary vasoconstriction and venous pooling, while right ventricular systolic and diastolic function are not af-
fected. AoP, aortic pressure; CO, combined cardiac output from heart and devices; LVP, left ventricular pressure; LVV, left ventricular volume; RVP, right
ventricular pressure; RVV, right ventricular volume. (A-C) In the absence of RV failure, ECMO and Impella are similarly capable of delivering a cardiac out-
put to the systemic circulation, but their effects on the left ventricle and the pulmonary circulation differ: in ECMO, residual forward flow through the
pulmonary artery and the bronchial artery system and eventually some backflow from minor aortic regurgitation may lead to increased LV loading, in-
creased LV pressures, and LV wall tension in ECMO. In Impella, the LV is consistently unloaded, wall tension is decreased and forward flow in the small cir-
culation is maintained. When aortic pressure exceeds the maximum pressure that can be developed by the infarcted LV, the entire cardiac output is
delivered by the respective device(s). Despite venous drainage in ECMO, high LV filling pressures in ECMO can occur and are compatible with the occur-
rence of pulmonary oedema in these patients, in contrast to the patients treated by ECpella or Impella alone. The combination of the two pumps, even
with lower output from each individual device, reverses the LV loading observed by the ECMO. (D) ECMO support typically leads to a right shift of the PV
loop (i.e. loading). Impella support consistently leads to a left shift of the PV loop indicating reduced diastolic and systolic wall tension and reduced myo-
cardial oxygen consumption as predicted by pressure loop area.

Source: University Hospital Basel, Basel, Switzerland
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Figure 3: A patient in cardiogenic shock supported by a combined VA ECMO and Impella CP approach, venous cannula and Impella catheter in the left
groin, and arterial cannula in the right groin. Source: General University Hospital, Prague.

performed by Cheng et al."® did not prove that the use of
IABPs in association with VA-ECMO is associated with a signifi-
cant change in survival outcomes. Therefore, it can be con-
cluded that the actual indication, its timing, the effect on
clinical outcomes, and differences between the available
interventions remain unclear so far.'? Apparently, the use of
a transaortic drainage device represents one of the most fre-
quently adopted tools to achieve effective LV unloading; an-
other promising percutaneous technique of indirect LV
unloading might be the catheter/cannula-based draining of
blood directly from the pulmonary artery, similar to how VA-
ECMO actually drains central venous blood within the right
atrium. "™

Because of inherent difficulties in measuring the detailed
haemodynamic effects of unloading clinically, several experi-
mental and only limited clinical studies have compared the
above adjunctive measures to evaluate their unloading
effects on the left ventricle: the Impella® acts by generating
continuous blood flow from the LV cavity into the aorta and
thereby decompressing the left ventricle, leading to an inhe-
rent cessation of the isovolumetric periods within the pres-
sure-volume tracings, i.e. the loops change into a triangular
shape and shift leftwards with decreasing LV volume and pres-
sure. Even more importantly, in relation to the flow gene-
rated by the Impella device, e.g. a decreasing trend in LV
end-diastolic volume and LV end-diastolic pressure and also
slightly decreasing trend in pulmonary capillary wedge pres-
sure is being observed.? """ Comparably, a small clinical se-
ries confirmed these findings in six patients on VA-ECMO who
received LV unloading with an adjunctive Impella device.?

ECpella for left ventricular unloading/venting

Several clinical studies have evaluated the role of the
Impella® in unloading/venting in VA-ECMO-treated patients
with cardiogenic shock. Pappalardo et al.?' described for
the first time a large series of patients treated with the
combination of VA-ECMO and the Impella compared with
patients treated with VA-ECMO only. Retrospectively col-
lected data from 157 patients were evaluated: 123 with
VA-ECMO support and 34 with concomitant VA-ECMO and
the Impella® were compared with a propensity-matching
analysis approach. Forty-two patients undergoing VA-ECMO
alone (control group) were compared with 21 patients

treated with VA-ECMO and the Impella. Patients in the
combination group had significantly lower hospital morta-
lity (47% vs. 80%, P < 0.001) and a higher rate of successful
bridging to either recovery or further therapy (68% vs. 28%,
P <0.001) than patients in the VA-ECMO treatment group.
A higher need for continuous renal replacement therapy
(CVVHD) (48% vs. 19%, P=0.02) and increased haemolysis
(76% vs. 33%, P=0.004) were reported, and bleeding com-
plications were comparable at approximately 30%.

Similarly, a USA study by Patel et al.”? compared 36 VA-
ECMO patients and 30 VA-ECMO + Impella patients, referred
to as the ECpella cohort. Thirty-day all-cause mortality was
significantly lower in the ECpella cohort (57% vs. 78%; hazard
ratio 0.51 (0.28-0.94), log rank P=0.02). Importantly, no dif-
ference between secondary outcomes (duration of support,
stroke, major bleeding, haemolysis, inotropic score, and car-
diac recovery) was observed, except for the inotrope score,
which was greater in the VA-ECMO group by day 2 (11 vs. 0;
P=0.001). In a study by Akanni et al.?* with 29 patients on
‘ECVAD’, i.e. ECpella and isolated ECMO therapy (n=196),
showed comparable favourable results, with the only diffe-
rence being an increased rate of haemolysis in the ECpella
group (45 vs. 17%, P=0.002). In summary, these studies sug-
gest that concomitant treatment with VA-ECMO and the
Impella may improve outcomes in patients with cardiogenic
shock compared with VA-ECMO treatment alone.

A recent meta-analysis by Grajeda Silvestri et al.2* further
confirmed the above statement and included three studies
involving a total of 448 patients, 26% female, with a mean
age of 57years. VA-ECMO was performed in 355 out of 448
(79%) patients, while ‘ECVAD’ (ECMO combined with the
Impella) was performed in 93 out of 448 (21%). Death oc-
curred in 49 out of 93 (52.6%) patients on ECVAD and 226 out
of 355 (63.6%) on ECMO [relative risk (RR): 0.76, 95% confi-
dence interval (Cl) (0.62-0.94), P=0.01]. This positive effect
on mortality was outweighed by the increased occurrence of
haemolysis in 46 (49.4%) patients in the ECVAD group vs. 67
(18%) in the ECMO group [RR: 2.64, 95% Cl (1.97-3.55),
P <0.01). Bleeding was comparable in patients on ECVAD
(45.2 vs. 38%) and patients in the ECMO group, who also
needed CVVHD (33.3 vs. 25%). In this meta-analysis, the use
of the Impella as an unloading strategy in patients with VA-
ECMO apparently decreased mortality and increased the rate
of haemolysis while having a neutral bleeding risk and similar
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rates of acute kidney injury requiring CVVHD. Similarly, in a
large recent multicenter propensity matched analysis, LV
unloading was associated with lower mortality in cardiogenic
schok patients treated with VA-ECMO, despite higher compli-
cation rates.?

Early use of combined mechanical support
with Impella and VA-ECMO

In contrast to an approach of unloading the left ventricle in
an already overloaded state, the early use of combined me-
chanical support to simultaneously enhance organ perfu-
sion and protect the left ventricle with an adjunctive
unloading intervention seems to be very promising. A
German registry study?® analysed 69 consecutive patients
suffering from severe refractory cardiogenic shock with a
70% predicted mortality in whom Impella pumps and VA-
ECMO were combined early (duration of combined support:
median 94 h; interquartile range, 49-150h). Early mechani-
cal circulatory support (MCS) escalation stabilized the
patients rapidly and reduced the number and doses of cate-
cholamines (P < 0.05 vs. baseline), while haemodynamics
improved. Importantly, an improvement in microcircula-
tion followed by lactate normalization was also noted.
Survival rates reached 60% on support, 49% at 30days and
40% at the 6-month follow-up. In a multivariate analysis,
the duration of shock-to-first device and lactate levels af-
ter 12h of MCS independently predicted survival.
Interestingly, right ventricular failure predisposed patients
to treatment futility. Therefore, the early and consequent
combination of the Impella and VA-ECMO may enable
even more effective clinical stabilization and rescue high-
risk patients with refractory cardiogenic shock (Figure 3).
Surprisingly, the combined approach with both the axial
device as a first step, or vice versa, VA-ECMO first and the
Impella pump added subsequently, seems to be an increas-
ingly accepted approach for immediate patient stabiliza-
tion in the most severe forms of cardiogenic shock.?”

Complications

As stated above, this highly invasive approach of implant-
ing VA-ECMO and the Impella in combination bears an in-
herent risk of major complications, mainly those that are
vascular in nature as well as bleeding, haemolysis and
acute renal injury. Haemolysis remains among the major
adverse drawbacks of the combined Impella-VA-ECMO ap-
proach, with the rate of haemolysis reported as up to 50-
70% of cases in a larger series.?"23:24

A typical clinical scenario for using combined
VA-ECMO and the Impella approach

A 70-year-old male was admitted directly to the catheteri-
zation lab with an anterior ST-elevation myocardial infarc-
tion and cardiogenic shock, and his blood pressure was 70/
40 mmHg, which was obtunded and agitated. Coronary an-
giography revealed a proximal left anterior descending
(LAD) artery thrombotic preocclusion with large intralumi-
nal thrombi. During preparation for percutaneous coronary

intervention (PCl), his haemodynamic status deteriorated
progressively, and cardiac arrest occurred due to ventricu-
lar fibrillation (VF). Following three unsuccessful defibrilla-
tions, VA-ECMO was emergently implanted with cardiac
massage. After VA-ECMO was initiated with a support flow
over 4L/min, PCl was performed, resulting in optimal LAD
reperfusion; however, refractory VF persisted, and the left
ventricle was dilated and non-pulsatile. After another six
unsuccessful defibrillations, an Impella CP was implanted,
and the left ventricle was unloaded with 1.5 L/min, which
resulted in the immediate restoration of sinus rhythm fol-
lowing another defibrillation. However, the left ventricle
remained in a state of sustained non-pulsatility for the
next 48 h, after which a weaning trial was initiated.

This case clearly demonstrates the power of an adjunc-
tive LV unloading intervention in clinical practice for an
acutely overloaded ischaemic myocardium. The figure
illustrates how the patient was stabilized in the Coronary
Care Unit after combining VA-ECMO and the Impella.

Future perspectives

Mechanical overload of the left ventricle is the major ad-
verse effect and an obvious mechanistic and prognostic
challenge of contemporary ECMO care. Many efforts in cur-
rent research aim to overcome this phenomenon by LV
unloading, which was effectively achieved by the current
combined approach using an axial decompression device,
while novel technical developments and approaches are
tested and urgently anticipated.

In this context, the reliable identification of individual
patients who would truly benefit from a tailored adjunct LV
unloading intervention remains challenging, as the majo-
rity of VA-ECMO patients currently do not undergo adjunc-
tive unloading. Large clinical studies are desperately
needed in this regard. These analyses should concurrently
study different common clinical scenarios with the indivi-
dualized need for a certain degree of LV unloading based on
theoretical considerations.”’

Interestingly, novel electrocardiogram-synchronized
ECMO systems have been introduced that operate in a pul-
satile mode and thereby aim to unload the left ventricle
during specific phases of the cardiac cycle, while others
have proposed novel cannula designs featuring an intrinsic
unloading capacity.?®%
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