Veno-arterial Extracorporeal Membrane
Oxygenation as Bridge to Heart Transplantation:

The Way Forward
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Abstract. Advanced heart failure (HF) represents a public health priority due to the increase of affected patients and the
meaningful mortality. Durable mechanical circulatory support (MCS) and heart transplantation (HTx) are unique therapies for
end-stage HF (ESHF), with positive early and long-term outcomes. The patients who underwent HTx have a 1-y survival of
91% and a median survival of 12—13 y, whereas the median survival of ESHF is <12 mo. Short-term MCS with veno-arterial
extracorporeal membrane oxygenation (VA ECMO) can be used as a bridge to transplantation strategy. Patients bridged with
VA ECMO have significantly lower survival in comparison with non-MCS bridged and left ventricular assist device-bridged
patients. VA ECMO represents an effective, and sometimes unique, system to obtain rapid hemodynamic stabilization, but
possible negative effects on patients’ outcomes after HTx must be considered. Here, we discuss the use of VA ECMO as
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EPIDEMIOLOGY AND DEFINITION OF ADVANCED
HEART FAILURE

Heart failure (HF) affects an estimated 64.3 million people
worldwide,! with a prevalence of 1%-2% in the general
population and in 2016, caused approximately 300000
deaths.?

Despite significant improvements in the medical manage-
ment of HE, a substantial proportion of patients still pro-
gresses to the advanced stages of the disease.

Advanced HF affects approximately 1%-10% of the entire
population of HF patients, with a prevalence destined to rise
as a consequence of more effective therapies.®

The updated European Society of Cardiology definition
of advanced HF includes the presence of severe and persis-
tent symptoms of HF (New York Heart Association NYHA
advanced IIT or IV class), reduced LVEF <30% or isolated
right ventricular failure, episodes of pulmonary or systemic
congestion requiring high-dose intravenous diuretics (or diu-
retic combinations) or episodes of low cardiac output requir-
ing inotropes or vasoactive drugs or malignant arrhythmias,
severe impairment of exercise capacity with an inability
to exercise, or low 6-min walking test distance (6MWTD)
(<300 m) or peak oxygen consumption (VO,) <12-14mL/
kg/min.>*

The aim of the present narrative review is to out-
line the results of the studies on the use of veno-arterial
Extracorporeal Membrane Oxygenation (VA ECMO) in
patients on the waitlist for heart transplantation (HTx). The
implementation of mechanical circulatory support (MCS)
induced by the recent changes in heart allocation policies
will also be discussed.
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MECHANICAL CIRCULATORY SUPPORT FOR
ADVANCED HF

The therapeutic panel of advanced HF includes orthotopic
heart transplantation (HTx) and long-term MCS (LT-MCS).

HTx represents the treatment of choice for appropriately
selected patients, with a 1-y survival of 90%, median survival
of 12.2 y, and a significant and sustained improvement of
functional status and quality of life.’

HTx, unfortunately, cannot represent the answer to the
pandemics of HE, as the increase of the number of patients
requiring advanced therapies collides with a limited supply
of donors’ hearts. LT-MCS is a therapeutic tool for advanced
HF with positive results in terms of survival and improve-
ment of functional status. The recently published Society of
Thoracic Surgeons INTERMACS database annual report
showed, indeed, that 1-y survival for isolated continuous-flow
left ventricular assist device (LVAD) was 83% and 5-y sur-
vival was 46%,° compared with a median survival of ESHF
patients lower than 12 mo.”

The outcomes of patients treated with HTx or LT-MCS are
highly dependent on the clinical status at the time of surgery.
INTERMACS classification is the most common method to
describe the clinical status of patients candidate to LT-MCS,
ranging from the INTERMACS class 1 to 7, that include,
respectively, patients with critical cardiogenic shock and
advanced NYHA class IV.® Several studies reported higher
mortality rates for INTERMACS 1 patients and for those
bridged to LT-MCS with short-term MCS.¢

This relationship has been demonstrated even for patients
undergoing HTx, as pretransplant clinical instability is a
strong predictor of negative posttransplant outcomes.

Due to these unsatisfactory results, ST-MCS represents a
reasonable strategy to stabilize extremely sick patients (bridge

www.transplantationdirect.com

to transplantation [BTT] strategy) (Figure 1) or to allow time
for hemodynamic stabilization, end-organ damage recovery,
and a thorough evaluation of HTx candidacy (bridge to deci-
sion, BTD or bridge to candidacy, BTC strategy).

The BTT strategy is of particular value in light of the results
reported in patients listed for emergent HTx, who experience
an increased load of complications as primary graft failure,
need for postoperative dialysis, and in-hospital mortality.’

The heart allocation systems significantly diverge based on
urgency criteria assignation and have to deal with chronic
organ shortage and increasing demand. These factors may
influence the BTT strategy.

The adopted solutions are different across countries.

ORGAN ALLOCATION POLICIES

The World Health Organization defines the allocation pol-
icy as the assignment of human cells, tissues, and organs to a
transplant candidate based on a set of rules.!’

The increase of the heart transplant waiting list and the
significant proportion of patients either dying or deteriorating
while waiting for transplant forced to expand the pool of suit-
able donors. The recent modifications of allocation policies in
many countries reflect the need for more precise identification
of the patients’ clinical and urgency status to decrease mortal-
ity in the cohort with the highest risk. Table 1 describes the
main allocation policies across the different United States and
European countries.

In 2018 in the United States, United Network for Organ
Sharing (UNOS) criteria have been modified from a former 3-
to a new 6-tier system in the attempt to decrease the mortality
rate for the sickest recipients on the waitlist.

The highest priority (UNOS 1) is attributed to patients on
VA ECMO.!"

Patient waitlisted for HTx 1

-VA ECMO

- Impella - TandemHeart
Medium term

- Paracorporeal LVAD/RVAD
- BiVAD

Long-term
(bridge/destination)
- LVAD

-TAH

}

__ m=am e, |

Slow/rapid deterioration
End-organs damage
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Destination therapy ]

FIGURE 1. MCS-based bridging strategies. BiVAD, biventricular assist device; HTx, heart transplantation; LVAD, left ventricular assist device;
MCS, mechanical circulatory support; RVAD, right ventricular assist device; TAH, total artificial heart; VA ECMO, veno-arterial Extracorporeal

Membrane Oxygenation.
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Eurotransplant'? is an international collaborative organiza-
tion that is responsible for the organ transplant in Austria,
Belgium, Croatia, Germany, Hungary, Luxembourg, the
Netherlands, and Slovenia. Eurotransplant allocation rules
for HTx are based on urgency status and expected outcomes
and do not assign priority status to VA ECMO patients.' The
rationale of this approach relies on the evaluation that the
urgency criterium should meet the chance of a good post-
transplant outcome.'*

In France, the candidate risk score is the fundamental
rule for heart allocation; it is based on 4 parameters: (1)
the patient’s objective risk of death on the waiting list, (2)
the measure of medical urgency, (3) the donor-recipient
matching based on criteria other than blood type, and (4)
the national graft sharing taking travel time between pro-
curement and transplant hospitals. The use of short-term
MCS confers a hazard ratio of 3.7 (2.5-5.5) for 1-y mor-
tality in the waitlist, and VA ECMO represents an urgency
criterion.'

In Italy, the highest priority of status 1 is attributed to
patients on MCS for acute hemodynamic instability. The sub-
set of status 1 patients with a short-term MCS or long-term
MCS/total artificial heart with complications can access the
national emergency program, with an absolute priority on the
first ABO compatible donor.'

MCS AND VENO-ARTERIAL EXTRACORPOREAL
MEMBRANE OXYGENATION

Many MCS systems are available, with different technical
characteristics and clinical applications.

VA ECMO can be defined as a modified cardiopulmonary
bypass machine that ensures full hemodynamic and respira-
tory support. The system includes a centrifugal blood pump,
a gas exchange unit with a membrane oxygenator and a heat
exchanger, inflow and outflow cannulas, and a tubing set. The
pump and the gas exchange unit allow the drainage of venous
blood from the right atrium or the vena cava and the rein-
fusion of oxygenated, nonpulsatile blood flow in the arterial
system.!®

Central ECMO entails the cannulation of the intrathoracic
vessels, whereas the most common peripheral configuration
involves the cannulation of the femoral artery and the fem-
oral vein. The main hemodynamic effects of VA ECMO are
the increase of mean arterial pressure and coronary perfusion
pressure and the reduction of cardiac preload. Cardiac filling
pressures are not invariably reduced: indeed, the retrograde
extracorporeal flow in the common peripheral configura-
tion augments left ventricular afterload, possibly leading to
an increase of left ventricular end-diastolic pressure and wall
stress.

VA ECMO restores systemic perfusion and allows time for
end-organ function recovery after cardiogenic shock, but at
the same time, it is plagued by a high burden of complications
that strongly impacts patients’ prognosis.'”

ADVANCED HEART FAILURE AND THE WAITING
LIST FOR HEART TRANSPLANTATION: THE ROLE
OF ECMO AS A BRIDGE TO TRANSPLANTATION

The scientific evidence about the use of VA ECMO as a
bridge to HTX is limited, and the majority of studies are sin-
gle-center or based on the analysis of the UNOS Registry.

www.transplantationdirect.com

The following studies examined the impact of pretransplant
VA ECMO bridging on posttransplant survival (Table 2).

Jasseron et al'* compared 80 heart transplant recipients
bridged with VA ECMO reported to the CRISTAL French
national registry between January 1,2010, and December 31,
2011, with a comparison group of 786 patients, including 703
patients without MCS, 60 with long-term MCS (51 on VAD
and 9 on total artificial heart), and 23 on short-term MCS
with an intra-aortic balloon pump.

Patients listed on VA ECMO showed a 1-y overall sur-
vival rate of 52.2%, significantly lower compared with the
comparison group (75.5%) (P<0.01). One-y posttransplant
survival was 70% in the VA ECMO group and 81% in the
comparison group (P=0.06). Interestingly, 1 mo after trans-
plantation, survival of recipients was not significantly differ-
ent among the groups (88.3% [74.2%-95.0%] versus 91.6%
[88.6%-93.7%], P=0.5).

Mishra et al" reported a single-center experience in
which they compared the posttransplantation outcomes of
15 patients bridged with ECMO, 26 patients bridged with
LVAD and 206 nonbridged patients during 2005-2012. One-
year and 5-y survival rates were 70% and 70% for ECMO
patients, 96% and 83% for LVAD patients, and 92% and
81% for nonbridged HTx patients (P value for overall sur-
vival <0.001), respectively.

Zalawadiya et al?® analyzed the UNOS Registry to report
the outcomes of 157 patients bridged to HTx with VA ECMO
from 2000 to 2015. They reported a survival at 1y of 57.8%.
A higher mortality was observed in the first 30-d posttrans-
plant. For patients who survived the first 30 d after transplant,
long-term survival was 82.3% at 1 y and 76.2% at 5 y. Renal
failure (acute or chronic) and mechanical ventilation were
predictors of 30-d and long-term mortality both in the short
and long term.

Lechiancole et al*' conducted a single-center retrospective
study that analyzed the outcomes of 32 patients bridged to
HTx with VA ECMO. Early posttransplant mortality was
18.7% (<30 d). The mean acute physiology, age, and chronic
health evaluation (APACHE IV) were found to be a strong
predictor of mortality in such a cohort of patients. Indeed, in
the group with an APACHE IV score >47, 30-d, 1- and 5-y
survival were 40% and 26.6%, respectively, and significantly
higher than the group of patients with an APACHE IV score
<47 (no early mortality, survival 89.7% at 1y and 81.5% at
Sy).

Fukuhara et al?? identified in the UNOS Registry 107
heart transplant recipients bridged with VA ECMO and 6148
patients bridged to transplantation with a durable contin-
uous-flow LVAD, from a total cohort of 25168 adult heart
transplant recipients between 2003 and 2016. The analysis of
the propensity-matched cohort demonstrated a lower survival
in ECMO group at 90 days (74.8% versus 88.8%; P=0.025)
and 3 years (69.3% versus 82.2%; P=0.054). Multivariable
and Cox analysis showed the model for end-stage liver dis-
ease excluding international normalized ratio (MELD-XI)
score to be the sole predictor to both 90-d (odds ratio, 1.94;
95% confidence interval, 1.00-3.76; P=0.050) and 3-y mor-
tality (hazard ratio, 1.47; 95% confidence interval, 1.16-1.88;
P=0.002).

Barge-Caballero et al** conducted a retrospective multi-
center study in 16 Spanish hospitals, including 169 patients
bridged to HTx under VA ECMO support from 2010 to
2015. In-hospital postoperative mortality and overall survival



© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

Montisci et al 5

Main characteristics of the studies on VA ECMO before heart transplantation

Total number  Patient transplanted
Author Period Country of HTx patients on ECMO Days on waitlist ~ Survival
Jasseron January 1, 2010 France 866 46 9 (IQR 6-15) 30 d: 61.6% (Cl 49.8%-71.4%)
December 31, 2011 90 d: 57.6% (Cl 45.8%-67.7%)
1y:52.2% (Cl 40.5%-62.6%)
Mishra 2005-2012 Norway 259 15 NA 1y:70%
5y:70%
Zalawadiya January 1, 2000 United States NA 157 Total days on waitlist 30 d: 72.6%
June 30, 2015 82.9+139.8 Before 2009: 1y 55.6%, 3y 51.6%, 5y 51.6%
After 2009: 1y 59.1%, 3y 56.8%, 5y 52.6%
Lechiancole 2005-2017 Italy 300 32 NA 30d81.3%
APACHE>47:1y 26.6%, 5y 26.6%
APACHE<47:1y89.7%, 5y 81.5%
Fukuhara January 2003 United States 25168 40 NA 90 d: 73.1%
March 2016 3y:67.4%
Barge-Caballero January 1,2010 Spain 129 7.6+85 In-hospital: 33.3%
December 31, 2015 1y:54.7%
Potspov January 1, 2013 Russia 786 166 NA In-hospital: 143 (86.1%)
December 31, 2017 180 d: 84.2%; 1y: 83.3%; 2y: 75.1%; 3 y:
74.2%; 4. 72.3%; 5Y: 72.3%
Carter January 1, 1999— United States 26918 146 26 (IR 6-92) 30 d: 89.3% (Cl 88.1%-91.5%)
March 31,2018 4y:70.3% (Cl 68.5%-72.5%)
8Y:59.1% (Cl 57.2%-61.2%)
12 y:50.9% (Cl 49.2%-53.1%)
16 y: 47.4% (Cl 45.6%-49.5%)
Giordanino April 2006—April 2018 Argentina 333 14 On ECMO 6.5 (CI 30d:12(85.7)
5-14.5) No further deaths at 4 y follow-up
Lui April 28,1996 United States 29644 118 24.7+712(5,2-13) 30 d: 79%
June 30, 2018 60 d: 77%
180 d: 69%
360 d: 68%
Gonzales January 11, 2015 United States  NA 185 2015-2018 7 (5-31) 2015-2018, 180 d: 74.6%
09/20/2019 2018-2019 3 (2-5) 2018-2019, 180 d: 91.2%
Moonsamy 2005-2017 United States 24905 177 Total d on waitlist 30d: 79+2%; 180 d: 63+3%; 1y: 61+3%

89+214 5y:52+9%

Cl, confidence interval; ECMO, Extracorporeal Membrane Oxygenation; HTx, heart transplantation; IQR, interquartile range; VA ECMO, veno-arterial Extracorporeal Membrane Oxygenation.

from listing to hospital discharge after transplantation were,
respectively, 33.3% and 54.4% for patients bridged on VA
ECMO. Patients treated with VA ECMO showed the high-
est incidence rate of adverse clinical events associated with
T-MCS.

Poptspov et al** enrolled 182 patients supported with VA
ECMO in the period from January 1, 2013, to December 31,
2017, accounting for 23.2% of all the waiting list (n=786).
Posttransplant survival among heart transplant recipient with
pretransplant ECMO versus control was 84.2% versus 90.1%
(6 mo), 83.3% versus 91.8% (1y),75.1% versus 86.1% (2 y),
74.2% versus 85.8% (3y), 72.3% versus 84.7% (4 y), 72.3%
versus 83.5% (3 y), respectively (P<0.0001).

Carter et al* interrogated the UNOS Registry from January
1, 1999, to March 31, 2018, for heart transplant recipients.
They compared the patients bridged with any form of MCS
and those bridged with VA ECMO. Twenty-six thousand nine
hundred eighteen recipients were included. MCS patients
included 9321 with LVAD (34.6%), 53 with right ventricular
assist devices (0.2%), 258 with total artificial hearts (1.0%),
686 with biventricular assist devices (2.6%), 1378 with intra-
aortic balloon pumps (5.1%), and 146 who required ECMO
(0.5%). The primary endpoint was restricted mean survival
time through 16.7 y. Recipients bridged with ECMO were

estimated to survive 16.6 mo less than non-MCS recipients,
similar to patients receiving total artificial hearts or right ven-
tricular assist devices.

Giordanino et al?*® reported the outcomes of a small cohort
of patients who underwent HTx on VA ECMO or Levitronix
centrifugal pump (CP) ensuring univentricular or biven-
tricular support as a BTT strategy. Fourteen and 13 received
ECMO or CP, respectively. Thirty patients ultimately under-
went HTx, with a 23.3% mortality rate in the ECMO group,
not significantly different compared with the CP group.

Lui et al*” conducted a recent study to evaluate the effect
of the new heart allocation system in the United States. The
UNOS database was interrogated for all adult patients who
required support with VA ECMO before heart transplanta-
tion from 2001 to 2018. Four groups were considered: (1)
patients that required ECMO support at 1 point in their time
on the waitlist but transplanted without MCS (n=101); (2)
patients on ECMO support until being transplanted (n=118);
(3) patients that required ECMO support while on the waitlist
and were bridged to an LVAD before transplantation (n=3535).
(4) Other heart transplant recipients without MCS or mechan-
ical ventilation before Htx (n=29370). Kaplan—-Meier curves
showed a significant decrease in 1-y survival for patients
bridged with VA ECMO to transplantation, compared with
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those who were bridged to an LVAD before subsequent trans-
plantation. The requirement of preoperative ECMO support,
irrespective of the possibility of weaning before HTx, resulted
in a significantly increased risk of posttransplant mortality,
compared with recipients not requiring pretransplant MCS
(HR 2.36, P<0.001). The higher risk of mortality was car-
ried by the direct bridging from ECMO to HTx (HR 3.03,
P<0.001).

The study by Moonsami et al*® analyzed the outcomes
of 7904 patients were bridged with durable LVADs, 177
(0.7%) with ECMO, 203 (0.8 %) with nonendovascular-VAD,
44 (0.2%) with percutaneous endovascular devices, and 8
(0.03%) with TandemHeart, from a cohort of 24905 adult
patients registered in the UNOS database between 2005 and
2017. Unadjusted survival at 1 and 5 y posttransplant was
68% =3% and 61%=8% for ECMO, respectively, signifi-
cantly lower than all other types of pretransplant

The effect of the new UNOS heart allocation system has
been recently described. Gonzales et al compared the waitlist
and posttransplant outcomes of ECMO-supported patients in
the new and old UNOS allocation systems.? From November
1, 2015, and September 30, 2019, a total of 296 ECMO-
supported patients were listed for HTx, 191 and 105 listed
according to the old- and new-allocation system, respec-
tively. Patients listed in the new system were more likely to be
transplanted and had a lower incidence of death or removal
(P=0.001) from the transplant list. The 6-mo survival after
transplantation was 74.6% and 90.6% for the old- and new-
era patients, respectively (P=0.002).

CAUSES OF DEATH IN VA ECMO PATIENTS

The overall evidence coming from the aforementioned
studies indicates a significantly higher mortality for patients
bridged to HTx with VA ECMO.

VA ECMO is associated with many complications. A
large systematic review!” including 1866 patients showed
that the most frequent complications were as follows: lower
extremity ischemia, 16.9% (12.5%-22.6%); fasciotomy
or compartment syndrome, 10.3% (7.3%-14.5%); lower
extremity amputation, 4.7% (2.3%-9.3%); stroke, 5.9%
(4.2%-8.3%); neurologic complications, 13.3% (9.9%-—
17.7%); acute kidney injury, 55.6% (35.5%-74.0%); renal
replacement therapy, 46.0% (36.7%-55.5%); major or sig-
nificant bleeding, 40.8% (26.8%-56.6%); rethoracotomy
for bleeding or tamponade in postcardiotomy patients,
41.9% (24.3%-61.8%); and significant infection, 30.4%
(19.5%-44.0%).

The most frequent causes of death in patients bridged
to HTx with VA ECMO are multiorgan failure (MOF)
and primary graft dysfunction (PGD). MOF represents a
generic cause of death reflecting multiple injuries and sub-
tending several causes, from cardiogenic shock to sepsis.
PGD, defined as the early onset of a severe ventricular dys-
function of the donor graft, is the leading cause of early
mortality in the posttransplant period.’® Pretransplant
MCS is almost universally reported as a risk factor for
PGD. The pathophysiologic link may be the summative
effect of the ischemia-reperfusion injury of the graft and
the dysregulated inflammatory cascade already present in
ECMO patients, fueled by the interaction between blood
and foreign surfaces.
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CONCLUSIONS

In the last 10 y, the number of ECMO treatments increased
worldwide and, subsequently, the clinicians’ confidence with
extracorporeal life support.

VA ECMO as a BTT strategy is increasingly used after
the change of the heart allocation rules in the United States.
Indeed, the attribution of the highest priority status to patients
on ECMO prompted a more frequent use of this MCS before
HTx,*' making ECMO an a attractive therapy to obtain
hemodynamic stabilization and to get a heart quickly.

Furthermore, the new system of heart allocation was devel-
oped to expand the number of categories and to avoid the
classification of patients with different clinical conditions
into the same group. The expansion of VA ECMO-bridged
patients with unsatisfying outcomes,?! however, could have
led to unintended consequences.

This trend should be questioned in light of the universal
reporting that the patients bridged with VA ECMO experience
poor early and midterm outcomes. The possibility of a waste
of organs in the setting of global donor organ shortage exists.!!

The management of cardiogenic shock is changing towards
new concepts and strategies,’>3* and the acute decompen-
sation of a patient in the waitlist poses significant clinical
challenges.

The decision between different short- and long-term MCS
systems on the acutely decompensated patient must take into
account the superior results of the LVAD-bridged compared
with ECMO-bridged patients.'*

The field of advanced HF is rich in future developments.
Durable MCS represents a concrete reality for patients with
end-stage HE, and their outcomes are nowadays competing with
HTx.%

According to Fuchs et al,** it is reasonable that HTx will be
a cornerstone of HF therapy for many years to come. Many
topics for future research can be identified: increasing organ
donations; expanding the donor pools with ex vivo perfusion
systems and donation after circulatory death (DCD) proce-
dures’’; improving organ allocation in light of the growing
numbers of patients with MCS on the waiting list and their
outcomes; improving organ retrieval, preservation, and future
third-generation immunosuppression regimens to prevent
rejection and adverse long-term outcomes. Finally, the corona-
virus 2019 (COVID-19) pandemic may deserve further actions
in the setting of cardiac surgery and heart transplantation.3®

Hence, VA ECMO represents an effective system to obtain
a rapid hemodynamic stabilization, but detrimental effects on
patients’ outcomes after HTx need to be considered.
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