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ABSTRACT

Background: Veno-arterial extracorporeal membrane 
oxygenation (VA-ECMO) as direct bridge-to-transplantation 
(dBTT) remains controversial. We compared the short- and 
long-term outcomes of adult patients undergoing urgent 
heart transplantation (HT) with (dBTT) and without (non-
BTT) VA-ECMO support at the time of HT.

Methods: Adults who underwent urgent HT in two insti-
tutions were assessed (N = 133; dBTT: N = 34 and non-BTT: 
N = 99). Patient characteristics, donor characteristics, in-
hospital outcomes, and overall survival were compared. Mean 
follow up was 77±38 months and was 100% complete. Mor-
tality predictors were identified using univariate and multi-
variate analyses.

Results: Before HT, patients with dBTT had higher 
rates of ischemic cardiomyopathy, acute kidney injury, liver 
failure, respiratory failure, and longer graft ischemia times. 
More patients in the dBTT group had complications, such as 
requiring VA-ECMO postoperatively (dBTT=50% vs. non-
BTT=20%, P < 0.01). Hospital deaths (dBTT=23% vs. non-
BTT=19%, P = 0.58), one-year (74% vs. 80%) and five-year 
survival (62% vs. 75%, P = 0.74 for overall survival) were not 
significantly different. The MELD-XI score and previous car-
diac surgery were independent predictors of hospital mortality.

Conclusion: Direct bridge-to-transplantation in patients 
on VA-ECMO support was not associated with worse long-
term outcomes compared with non-VA-ECMO urgent HT, 
especially in recipients without any associated organ failure 
and a low MELD-XI score before HT.

INTRODUCTION

Direct bridge-to-transplantation (dBTT) might be a long-
term option for patients supported with veno-arterial extra-
corporeal membrane oxygenation (VA-ECMO) in the absence 
of myocardial recovery. This strategy is currently used in 1% 
to 10% of heart transplantation (HT), varying by country and 
by heart graft allocation policy [Agence de la Biomédecine 
2016; Jasseron 2016; The International Society for Heart and 
Lung Transplantation 2018]. The use of VA-ECMO for car-
diogenic shock has dramatically increased over the last decade 
[McCarthy 2015; Mandawat 2017; Ouyang 2018; Sauer 2015] 
and about 4% to 24% of these patients would be a candidate 
for dBTT [Paden 2013]. In most countries, HT candidates 
supported by VA-ECMO receive the highest priority. As the 
number of patients on VA-ECMO increases, the number of 
HT after dBTT is expected to increase, too. However, dBTT 
remains a debated strategy in the context of the worldwide 
organ shortage and raises many concerns about post-HT 
outcomes and survival [Dardas 2018]. On one hand, several 
publications reported that post-HT survival in these critically 
ill patients is lower than in other HT candidates, but on other 
hand, HT provides a potential survival benefit in patients sup-
ported by VA-ECMO. Some authors also reported acceptable 
short- and mid-term outcomes in well-selected patients using 
this strategy [Barth 2012; Cho 2015]. There is therefore a 
need for short- and long-term survival data after dBTT to 
improve patient selection and to better understand the clini-
cal impact of dBTT.

In this study, we aimed to compare the recipient character-
istics, early outcomes, and long-term survival of adult patients 
who underwent HT after dBTT with VA-ECMO to those 
undergoing urgent HT without previous VA-ECMO in two 
institutions.

METHODS

Study population: This study adheres to the tenets of the 
1975 Declaration of Helsinki and was approved by the Institu-
tional Review Board of the two participating institutions, who 
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waived the need for individual patient consent. We reviewed 
all adults (N = 296) who underwent orthotopic HT at the 
Rennes University Hospital (Rennes, France) (N = 161) and 
at the Montreal Heart Institute (MHI, Montreal, Canada) (N 
= 135) between January 2003 and December 2013. Exclusion 
criteria were non-urgent HT (N = 147), re-transplantation 
(N = 5), urgent HT for left ventricular assist device (LVAD) 
complications (N = 8), and combined heart-kidney transplan-
tation (N = 3). The remaining patients who underwent urgent 
HT (N = 133) were included and divided into two groups: the 
dBTT group (N = 34) included patients supported by VA-
ECMO at the time of HT and the non-BTT group (N = 99) 
included patients who had urgent HT without previous VA-
ECMO. (Supplementary Figure 1) Urgent HT was defined 
in our study as a transplantation with priority, for candidates 
with a high risk of death without transplantation. It corre-
sponds to statuses 3.5, or 4 and some status 3 at the MHI and 
to type-1 super-emergency at the Rennes Hospital. Demo-
graphic, clinical, biological, and echocardiographic charac-
teristics before and after HT were compared between the 
dBTT and non-BTT groups. All data retrospectively were 
obtained from patient charts, local digital database systems, 
and the database of the Agence de la biomédecine (“Cristal” 
database). The mean follow-up was 77±38 months and was 
100% complete.

Cardiac graft allocation in France and Canada: Allo-
cation systems in France and Canada nationally prioritize 
the candidates with the highest risk of early death without 
transplantation. In France, the highest priority status (type 1 
super-emergency) was granted to the sickest patients, defined 
as patients on inotropes with in-hospital monitoring (i.e. 

excluding home infusion inotrope therapy patients) and/or 
supported by a short-term mechanical circulatory support 
(MCS), such as VA-ECMO. Priority is not granted to stable 
LVAD patients without device-related complications. In the 
absence of a donor, this status expires after a maximum of 
four days, and patients then have regional prioritization. In 
Canada, patients with VA-ECMO also are listed with the 
highest priority status (status 4) without a time limit, though 
they must be recertified every seven days as a status 4 by a 
qualified physician, if it is still medically appropriate. Prior-
ity also is given to hospitalized patients on inotropes who are 
listed as statuses 3 or 3.5 [Haddad 2009; Isaac 2011].

Definitions and outcomes: Refractory cardiogenic shock 
was defined as a state of critical end-organ hypoperfusion, 
due to reduced cardiac output, despite optimal medical treat-
ment [Levy 2015]. Associated organ failures (AOF) before 
HT were defined as follows: acute kidney injury as an acute 
decrease in glomerular filtration rate of >50% [Mehta 2007]; 
respiratory failure as the need for mechanical ventilation; 
acute liver failure as a Model for End-stage Liver Disease 
excluding INR (MELD-XI) score >16.4 (MELD XI score = 
5.11 × ln (serum bilirubin) + 11.76 × ln (serum creatinine) + 
9.44) [Grimm 2015].

The primary outcome was five-year survival after HT. 
Secondary outcomes were all-cause in-hospital mortality, 
one-year and ten-year survival, and postoperative complica-
tions (i.e. primary graft dysfunction, right ventricular failure, 
need for mechanical circulatory support or temporary dialy-
sis, acute kidney injury, disabling stroke, acute rejection, and 
sternal complications).

Indications and use of VA-ECMO: In both institutions, 
VA-ECMO is the device of choice to assist patients with severe 
refractory cardiogenic shock and is used as a bridge-to-recov-
ery, bridge-to-candidacy, or bridge-to-transplantation. There 
are about 70 VA-ECMO per year at Rennes Hospital and 25 
at the MHI. In both institutions, VA-ECMO is considered in 
patients showing evidence of end-organ hypoperfusion, low 
cardiac index (<2.2 l/min/m2) despite adequate intravascular 
volume, low left ventricular ejection fraction and/or need for 
increasing doses of inotropes (e.g. epinephrine >1 µg/kg/min, 
dobutamine >20 µg/kg/min and/or norepinephrine >1 µg/kg/
min) with increasing acidosis and lactate levels. Patients who 

Figure 1. Kaplan-Meier curves presenting postoperative survival in the 
direct bridge-to-transplantation (dBTT) and the non-BTT groups, ac-
cording to the presence (AOF+) or absence (non-AOF) of associated 
organ failure (AOF) before heart transplantation. AOF was defined as 
at least one of the following: acute kidney injury (>50% increase in glo-
merular filtration rate), liver failure (MELD-XI score > 16.4), or respira-
tory failure (need for mechanical ventilation). Supplementary Figure 1. Flowchart of the study population.
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Table 1. Comparison of recipient characteristics before heart transplantation

Variables dBTT (N = 34) Non-BTT (N = 99) P-value

Age, years 48±12 47±13 0.76

Age ≥ 60 years 4 (12) 17 (17) 0.45

Male sex 25 (73) 73 (73) 0.99

Medical history

   Diabetes with insulin 3 (9) 10 (10) 0.70

   History of tobacco use 12 (35) 19 (19) 0.05

   Chronic obstructive pulmonary disease (FEV-1 < 70%) 5 (15) 7 (7) 0.18

   Atrial fibrillation 3 (9) 38 (38) 0.001

   Previous stroke 3 (9) 14 (14) 0.34

   Chronic kidney failure (GFR < 60 ml/min/m2 using MDRD) 1 (3) 21 (21) 0.01

   Previous sternotomy 10 (29) 35 (35) 0.46

   Highly sensitized (Panel Reactive Antibody >80%) 4 (12) 16 (16) 0.70

   Left ventricular assist device (HeartMate II) 1 (3) 10 (10) 0.15

Etiology of cardiomyopathy

   Ischemic 19 (56) 28 (28) 0.004

   Dilated 7 (21) 37 (37) 0.06

   Hypertrophic 2 (8) 8 (8) 0.55

   Valvular 3 (9) 10 (10) 0.70

   Congenital 2 (6) 6 (6) 0.97

Clinical status at the time of heart transplantation

   In ICU at the time of transplantation 34 (100) 68 (68) 0.45

   Acute kidney failure (GFR < 40 ml/min/m2 using MDRD) 18 (53) 34 (34) 0.06

   Acute liver failure (MELD-XI score >16.4) 13 (38) 23 (23) 0.07

   Mechanical ventilation before HT 14 (48) 17 (17) <0.01

   Intra-aortic balloon pump 7 (21) 17 (17) 0.77

   Inotropic support (any catecholamine) 27 (80) 73 (73) 0.58

   Temporary dialysis 3 (9) 5 (5) 0.41

Echocardiography

   Left ventricular ejection fraction, % 17±6 20±13 0.18

   End-diastolic left ventricular diameter, mm 62±13 66±12 0.36

Hemodynamics

   VO
2
 max, ml/min/kg 12±0.6 13.1±4 0.36

   Cardiac Index, L/min/m2 1.9±0.6 2.08±0.7 0.60

   Pulmonary Vascular Resistance, woods 2.0±0.85 2.27±1.3 0.49

   Systolic Pulmonary Arterial Pressure, mm Hg 44±1 41±1 0.33

   Mean Pulmonary Arterial Pressure, mm Hg 31±2 29±1.2 0.45

Biology

   Glomerular Filtration Rate, ml/min/m2 69±1.8 71±2.9 0.13

   Total bilirubin, mmol/L 40±7 19.8±17 <0.01

   Aspartate aminotransferase, mmol/L 110±3 51±4 <0.01

   Alanine aminotransferase, mmol/L 94±3 73±6 0.22

   Lactates, mmol/L 2.4±2 1.2±0.6 <0.01
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continue to deteriorate despite being dependent of inotro-
pic support or are intolerant of inotropes also will be consid-
ered for VA-ECMO support. Patients with poor life expec-
tancy and a severe, irreversible underlying condition are not 
deemed candidates for VA-EMCO [Muller 2016].

In this series, five patients (15%) were Interagency Regis-
try of Mechanically Assisted Circulatory Support (INTER-
MACS) 1, and 29 patients (85%) were INTERMACS 2 before 
VA-ECMO implantation. After implantation, ventricular 
function recovery was assessed daily using arterial pressure 
waveform, left ventricular outflow tract velocity time integral, 
and echocardiographic left ventricular ejection fraction. In 
the absence of recovery after 48 to 72 hours, a pre-transplan-
tation workup is initiated. The duration of VA-ECMO sup-
port before waiting list registration varied according to the 
underlying cause of the cardiogenic shock and to the recov-
ery potential. Nine patients (26%) already were listed at the 
time of VA-ECMO implantation, and 25 patients (74%) were 

listed after 4.5±5 days on circulatory support. The mean time 
between VA-ECMO implantation and HT was 6.7±1 days. In 
this series, the underlying etiologies were acute decompensa-
tion on chronic heart failure (N = 16, 47%), acute myocardial 
infarction (N = 6, 18%), refractory ventricular arrhythmia (N 
= 6, 18%), cardiac arrest (N = 5, 15%), and myocarditis (N 
= 1, 3%). Sedation was stopped before HT, and all patients 
had to have an adequate neurological evaluation (i.e. normal 
clinical exam and head computed tomography). Whenever 
possible, patients under VA-ECMO support were extubated, 
and the aim was to achieve satisfactory associated organ injury 
recovery prior to HT. Among the dBTT group, 25 patients 
(73%) had at least one AOF before HT compared with 48 
patients (48%) in the non-BTT group (P = 0.01). Registra-
tion on the waiting list with a priority status was discussed by 
a local heart team and had to be validated by a national expert 
or committee.

A surgical peripheral access (i.e. femoro-femoral) was 

   NT-proBNP, ng/L 5015±3990 5014±5671 0.75

MELD XI score 14.4±5 13.7±4 0.05

Operative data

Cardiopulmonary bypass time, minutes 164±50 132±64 <0.01

Cross-clamp time, minutes 113±35 126±53 0.12

Data are mean ± SD or n (%). FEV-1, forced expiratory volume in 1 second; GFR, glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; 
MELD XI score: 5.11 × ln (serum bilirubin) + 11.76 × ln (serum creatinine) + 9.44

Supplementary Table 1. Comparison of donor characteristics

Variables dBTT (N = 34) Non-BTT (N = 99) P-value

Age, years 44 SD3 40 SD1 0.19

Age >50 years 14 (41) 25 (25) 0.10

Male sex 17 (68) 71 (71) 0.81

Cause of donor death

   Trauma 6 (17) 19 (19) 0.76

   Intoxication 3 (9) 3 (3) 0.17

   Cerebral hemorrhage 16 (47) 52 (52) 0.15

   Ischemic stroke 14 (41) 37 (37) 0.24

   Hanging 1 (3) 6 (6) 0.51

   Cardiac arrest 7 (20) 21 (21) 0.81

Distance from recipient, km 428±63 312±35 0.08

Graft ischemic time, minutes 239±69 191±71 <0.01

Recipient-donor match

   Mismatch weight > 20% 9 (26) 32 (32) 0.92

   Mismatch gender 11 (32) 28 (28) 0.65

   Recipient man/Donor woman 6 (18) 15 (15) 0.74

   Recipient woman/Donor man 5 (15) 13 (13) 0.68

Data are mean ± SD or n (%)
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used for all patients in the dBTT group. An additional 5-Fr 
sheath was inserted in the ipsilateral superficial femoral 
artery to avoid limb ischemia. An intra-aortic balloon pump 
was used in seven patients (21%) to unload the left ventricle. 
All patients were anticoagulated with intravenous heparin to 
achieve an activated partial thromboplastin time of 150% to 
200% that of control. In cases of life-threatening bleeding, 
heparin could be stopped for a few hours.

Statistical analysis: Pre- and post-transplantation charac-
teristics were compared between the two groups (i.e. dBTT 
and non-BTT) using Student’s t-test for continuous variables 
(expressed as a mean ± standard deviation (SD) and Fisher’s 
exact test for categorical variables (expressed as a percentage). 
A bilateral P-value < 0.05 was considered statistically sig-
nificant. Survival analysis was performed using the Kaplan-
Meier method. Overall survival and conditional survival after 
hospital discharge were compared between the two groups 
using the log-rank test. Overall survival also was analyzed, 
according to the number of AOF and to the MELD-XI score 
before HT. To determine predictors of in-hospital mortality, 
all preoperative variables were analyzed in univariate analy-
sis and were considered for inclusion in a multivariate model 
(e.g. recipient age, total bilirubin, glomerular filtration rate, 
MELD-XI score, graft ischemia time, donor age, previous 
sternotomy, and VA-ECMO at the time of HT). A threshold 
of P < 0.15 was used to select variables to be included in the 
multivariate logistic regression. A semi-saturated propensity 
score was calculated using all variables in Table 1. An adjusted 
analysis was performed using a multivariate Cox regression 
for survival where the propensity score was included as an 
independent variable.

Statistical analyses were performed using GraphPad Prism 
(version 6.0; GraphPad Software Inc., La Jolla, CA) and Stata 
(StataCorp. 2015. Stata Statistical Software: Release 14. Col-
lege Station, TX: StataCorp LP).

RESULTS

Patient characteristics before transplantation: Recipi-
ent characteristics before HT were compared. (Table 1) 
Among the 133 patients included in the study, 99 (74%) were 
male, and the mean age was 47±13 years. All patients had 
end-stage heart failure secondary to ischemic (N = 47, 35%), 
dilated (N = 44, 33%), valvular (N = 13, 9.7%), hypertrophic 
(N = 10, 7.5%), or congenital (N = 8, 6%) cardiomyopathy. 
Ischemic cardiomyopathy was the main cause of heart failure 
in the dBTT group and the second cause after dilated car-
diomyopathy in the non-BTT group. Patients in the dBTT 
group showed a more critical condition in the days prior to 
HT as reflected by the higher rates of acute kidney failure, 
liver failure, and mechanical ventilation.

In the dBTT group, 20 patients (52%) were extubated at the 
time of HT compared with 82 patients (82%) in the non-BTT 
group (P = 0.002). Among dBTT patients, median delay between 
VA-ECMO implantation and listing was three days (range: 0-20 
days), while median delay between VA-ECMO implantation 
and transplantation was eight days (range: 0-35 days).

Donor characteristics: Donor characteristics are listed in 
Supplementary Table 1. (Supplementary Table 1) The graft 
ischemia times, cardiopulmonary bypass times, and distance 
between the donors’ hospitals and the transplantation centers 
were longer in the dBTT group, because they had a higher 
priority status. Other donor characteristics were similar 
between the two groups.

Survival after HT: In-hospital mortality rates were 23% 
and 19% in the dBTT and non-BTT groups, respectively (P = 
0.58). As shown in Table 2, the main cause of death was mul-
tiple organ failure (50% of deaths), followed by primary graft 
failure (29%), septic shock (21%), and major bleeding (15%); 
there were no differences in the cause of death between the two 
groups. (Table 2) One-year and five-year overall survival rates 
were 73.5% and 62.0%, respectively, in the dBTT group com-
pared with 80.6% and 75.5% in the non-BTT group (P = 0.74) 
(Supplementary Figure 2A). (Supplementary Figure 2) After 
10 years, the overall survival was estimated to be 62% in both 
groups. Of patients discharged alive from the hospital, the esti-
mated one-year and five-year survival rates were 96.1% and 
81.2%, respectively, in the dBTT group compared with 98.7% 
and 92.2% in the non-BTT group (P = 0.89) (Supplementary 
Figure 2B). In the adjusted analysis, there were no differences 
in survival between the two groups (hazard ratio (HR) = 0.76, 
[95% confidence interval (CI) = 0.30-1.93], P = 0.57).

To assess the impact of AOF on post-transplantation sur-
vival, patients in both study groups were subdivided according 
to the presence or absence of AOF at the time of HT. (Figure 
1) The lowest survival was observed in dBTT patients with 
AOF, whereas survival of dBTT patients without AOF was 
better. In dBTT patients, all but one patient without AOF 
(dBTT no AOF) survived the study period (one-year survival: 
100%; five-year: 100%) compared with patients with AOF 
(dBTT AOF+) who had poor survival rates (one-year: 64%; 
five-year: 49%) (P = 0.03). The impact of AOF on survival 
was less important in the non-BTT group: five-year survival 
rates were 70% and 80% in patients with and without AOF, 
respectively (P = 0.16). Patients also were subdivided in three 
groups, according to their preoperative MELD-XI score: low 
score (≤10.5), intermediate score (10.6-16.4), and high score 
(≥16.5). In-hospital mortality rates were higher and ten-year 
survival rates lower in patients with MELD-XI score greater 
than 16.5 in both the dBTT and non-BTT groups (Figure 2A 
and 2B). (Figure 2)

In univariate analysis, total bilirubin, serum creatinine, 
MELD-XI score, graft ischemia time, and previous cardiac 
surgery were independently associated with increasing in-
hospital mortality. In multivariate analysis, MELD-XI score 
and previous cardiac surgery remained significant predictors. 
(Supplementary Table 2)

Hospital outcomes and complications: Lengths of hos-
pitalization, intensive care unit (ICU) stay, and mechanical 
ventilation times were longer in the dBTT group (Table 2). 
When compared with the non-BTT group, patients in the 
dBTT group had higher rates of primary graft dysfunction 
(55% vs. 32%, P = 0.01) and right ventricular failure (41% vs. 
27%, P = 0.04). VA-ECMO was required after HT in 50% of 
dBTT patients compared with 20% of non-BTT patients (P 
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= 0.001). In these cases, femoral cannulas were left in place in 
16 out of 17 patients to avoid central cannulation and chest 
reopening. All patients who required post-HT VA-ECMO 
in the dBTT group were supported immediately after wean-
ing of cardiopulmonary bypass, whereas eight patients in the 
non-BTT group were supported within the next few hours. 
The mean duration of mechanical support was 5.3±3.9 days. 
The mortality under mechanical support was higher in the 
non-BTT group (14% vs. 1%, P = 0.001).

As listed in Table 2, patients transplanted in the dBTT 
group had higher rates of reoperation for bleeding (P = 0.01), 

acute kidney injury (P = 0.03), and pneumonia (P = 0.04) after 
HT. (Table 2) There were no differences in graft rejection 
between the two groups. Because patients in the dBTT group 
had a higher risk of postoperative infection, the use of immu-
nosuppressive induction therapy was lower when compared 
with the non-BTT group (72% versus 88% (P = 0.04) at the 
Rennes Hospital – data from MHI were not available). The 
use of rabbit anti-thymocyte globulin (rATG) was less fre-
quent in the dBTT group (45% vs 70%, P = 0.02).

Table 2. Post-transplantation outcomes during hospitalization

Variables dBTT (N = 34) Non-BTT (N = 99) P-value

Length of stay in ICU, days 8±7 7±6 0.46

Length of stay in hospital, days 37±17 28±23 0.23

Duration of mechanical ventilation, days 7.8±1.8 6.4±3.8 0.79

Duration of any inotropic support, days 7±3 7±4 0.89

Mortality

   In-hospital mortality 8 (23) 19 (19) 0.58

   Death under VA-ECMO 1 (3) 14 (14) 0.001

Causes of death

   Multiple organ failure 7 (20) 12 (12) 0.24

   Primary graft failure 1 (3) 10 (10) 0.48

   Septic shock 2 (8) 6 (6) 0.97

   Rejection 1 (4) 1 (1) 0.42

   Major bleeding 1 (4) 5 (5) 0.60

   Stroke 1 (3) 0 0.09

   Unknown 1 (3) 2 (2) 0.75

Other complications

   Acute kidney injury, n (%) 24 (70) 47 (47) 0.03

   Temporary hemodialysis, n (%) 9 (26) 27 (27) 0.92

   Maximum level of creatinine, mmol/L 239±122 212±134 0.31

   Minimum GFR, ml/min/m2 37±3 48±3 0.08

Pneumonia 11 (32) 16 (16) 0.04

Stroke 4 (11) 4 (4) 0.11

Acute rejection (ISHLT grade 2R or +) 6 (18) 16 (16) 0.57

Sternal complications 0 2 (2) 0.40

Reoperation for bleeding 17 (50) 27 (27) 0.01

Primary graft dysfunction 19 (55) 32 (32) 0.01

Right ventricular failure 12 (41) 27 (27) 0.04

VA-ECMO after heart transplantation 17 (50) 20 (20) 0.001

   Central 1 (3) 10 (10)

   Peripheral 16 (47) 10 (10)

Acute respiratory syndrome 3 (8) 13 (13) 0.65

Data are mean ± SD or n (%). Bold font indicates statistical significance.
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DISCUSSION

In this study, the characteristics and outcomes of patients 
on VA-ECMO support directly bridged to HT (dBTT group) 
were reviewed in two adult cardiac surgery centers. We com-
pared these results with those of patients who underwent urgent 
HT without VA-ECMO support at the time of HT (non-BTT 
group). We found that dBTT patients more likely had isch-
emic cardiomyopathy, acute kidney failure, respiratory failure, 
higher MELD-XI score before HT, and longer graft ischemia 
times. Post-transplant complication rates were higher in dBTT 
patients, especially for mechanical circulatory support and 
reoperation for bleeding. In-hospital mortality was not signifi-
cantly higher in the dBTT group, and the difference in ten-year 
conditional survival after hospital discharge also was not signifi-
cant regardless of adjustment. This may well be due to a lack of 
statistical power in this study and within the limits of the small 
sample size, there does not seem to be a gross difference in sur-
vival. Moreover, patients with one or more AOF at the time 
of HT had a lower survival rate in the dBTT group. Finally, 
MELD-XI score and previous cardiac surgery were associated 
with an increased in-hospital mortality in both study groups.

The upcoming increase in HT candidates bridged 
with VA-ECMO: According to European, Canadian, 
and American guidelines for management of heart failure 
[Haddad 2009; Ezekowitz 2017; Ponikowski 2016], the use of 
temporary MCS systems (e.g. VA-ECMO, intra-aortic bal-
loon pump, percutaneous LVAD) should be considered early 
in the setting of severe, refractory cardiogenic shock (e.g. 
INTERMACS levels 1 and 2). The choice of the device and 
the timing of its implantation are based on patient character-
istics, operator ability, physician clinical judgment, and opti-
mal degree of hemodynamic support [Mandawat 2017]. Like 
in many centers, VA-ECMO is the first-line device to sup-
port patients with refractory cardiogenic shock in our depart-
ments. According to Sauer et al., the rate of VA-ECMO cases 

in the United States increased by 433% from 11.4 in 2006 
to 60.9 cases per million adult patient discharges in 2011 
[Sauer 2015]. With the increase of VA-ECMO use and recent 
changes in graft allocation policy in the United States, the 
number of dBTT candidates with VA-ECMO inevitably will 
increase [McCarthy 2015; Ouyang 2018; Sauer 2015; Paden 
2013]. The incidence of VA-ECMO use as a BTT varied 
from 0.4% in the United Network for Organ Sharing [Fuku-
hara 2018; Zalawadiya 2017] to 9.2% in France [Jasseron 
2016], showing the large discrepancy between countries and 
graft allocation systems. In this series, 11% (34/296) of trans-
planted patients had VA-ECMO support at the time of HT. 
In France and Canada, patients supported by VA-ECMO had 
been assigned the highest priority for nearly 20 years [Jasse-
ron 2016; Haddad 2009]. Recently, the United Network for 
Organ Sharing implemented a new adult heart graft alloca-
tion policy. In this novel 6-status system, the highest priority 
(status 1) is given to candidates supported with VA-ECMO or 
surgical biventricular support devices.

The dilemma of dBTT strategy: In the context of a 
worldwide organ shortage, graft allocation must most impor-
tantly maximize the benefits to patients. It is not clear if 
society should privilege patients with a high risk of mortality 
on the waiting list or patients with a low risk of post-trans-
plant mortality [Attisani 2012]. In other words, the balance 
between the risk of death on the waiting list and risk of death 
after transplantation is not the same across allocation systems. 
While the need for circulatory support before HT is associ-
ated with an increase in post-transplant mortality [Jasseron 
2016, Singh 2014], HT provides a survival benefit to patients 
supported with VA-ECMO. From the Organ Procurement 
and Transplantation Network database, Singh et al. demon-
strated that patients with the highest risk of mortality on the 
waiting list, such as patients on VA-ECMO, were the ones 
who drew a greater survival benefit from HT [Singh 2014]. 
In a study of the French “Cristal” database, Jasseron et al. 

Supplementary Table 2. Univariate analysis and multivariate Cox regression analysis

Variables
Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

Continuous variables

   Age, years 1.01 0.98-1.05 0.40

   Total bilirubin, mmol/L 1.01 1.00-1.03 0.02 1.01 0.99-1.01 0.87

   Glomerular Filtration Rate, ml/min/m2 0.98 0.97-1.00 0.15 1.01 0.98-1.01 0.50

   MELD-XI score 1.19 1.08-1.32 <0.01 1.19 1.08-1.32 <0.01

   Graft ischemia time, minutes 1.00 0.99-1.01 0.15 1.00 0.99-1.01 0.07

   Donor age, years 0.99 0.96-1.02 0.69

Categorical variables

   VA-ECMO at the time of HT 0.79 0.31-2.02 0.62

   Previous cardiac surgery 0.33 0.13-0.78 0.01 0.33 0.13-0.78 0.018

CI, confidence interval; OR, odds ratio
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showed that HT provides a survival benefit for patients sup-
ported by VA-ECMO at the time of transplant listing [Jasse-
ron 2016]. They also reported a one-year survival of 70.4%, 
which is higher than other large series.

In our experience, one-year survival was 74% for all patients 
and was higher in patients without any AOF. The MELD-XI 
score also appears to identify patients at high risk for mortality 
after HT [Fukuhara 2018]. The suggestion that AOF should 
be examined as a predictor of post-transplant outcomes had 
previously been presented by Cho et al. [Cho 2015]. They 
demonstrated that the use of organ failure scores, particularly 
the MELD UNOS score, had a better predictive value than 

duration of ECMO. There was a large requirement for VA-
ECMO post-HT in these patients. This is mostly explained 
by a more liberal use of prolonged support in the presence of 
multiple risk factors for primary graft dysfunction. In these 
patients, VA-ECMO was pre-emptively kept post-HT.

Despite acceptable results, post-transplant survival was 
lower in dBTT patients than in non-bridged patients, mostly 
because of excess early mortality, which is consistent with 
most previously published studies [Jasseron 2016; Barth 
2012; Cho 2015; Fukuhara 2018; Zalawadiya 2017;  Barge-
Caballero 2014; Chung 2009]. Indeed, one-year survival in 
patients on VA-ECMO support directly bridged to HT varies 

Figure 2. (A) In-hospital mortality in the dBBT and non-BTT group, according to the MELD-XI score. Patients with a high MELD-XI score had a very high 
mortality rate in both groups. (B) Long-term survival, according to the MELD-XI score. High MELD-XI score was associated with decreased survival in the 
entire cohort.

Supplementary Figure 2. Kaplan-Meier curves with 95% confidence interval for survival after urgent heart transplantation in the two institutions. (A) Overall 
survival after urgent heart transplantation in patients supported by VA-ECMO (dBTT group) and in patients without VA-ECMO support (non-BTT group). 
(B) Conditional survival after hospital discharge between the two groups.
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from 57.8% to 72% [Jasseron 2016; Cho 2015; Fukuhara 
2018; Zalawadiya 2017]. Recently, Ouyang et al. reviewed the 
incidence and outcomes of HT in patients with temporary 
MCS using the National Inpatient Sample [Ouyang 2018]. 
They showed that the use of temporary MCS before HT is 
increasing (6.6% of HT) with a trend toward decreasing post-
transplant mortality over time.

LVAD implantations in “crash and burn” patients mostly 
have been abandoned, due to poor survival [Shah 2017; Kirk-
lin 2014]. The use of percutaneous LVAD devices, such as the 
Impella device, opens the door to other types of dBTT with 
good results [Lima 2016; Seese 2020] and occasionally lower 
complication rates compared with VA-ECMO [Lemor 2020]. 
Patients on VA-ECMO, however, are still likely to have had 
a worse hemodynamic compromise, and VA-ECMO is pri-
oritized in institutions for patients with INTERMACS 1 
or patients who likely will have persisting poor oxygenation 
[Garan 2019]. However, it is not clear if hemodynamic sta-
bilization with temporary MCS in these critically ill patients 
improves outcomes after LVAD implantation, and the bridge-
to-bridge strategy still is up for debate in the literature [Atti-
sani 2012]. Our results suggest that we might consider HT in 
candidates on VA-ECMO if full recovery of end-organ func-
tions is observed within one or two weeks following circula-
tory support initiation.

Limitations: The present study is retrospective and 
includes a small number of patients from the two participat-
ing institutions. Due to this small sample size, it is not pos-
sible to comment on the difference in in-hospital mortality 
and conditional mortality between the dBTT and non-BTT 
groups. The differences remained not statistically significant, 
but whether a possible clinical significance can be drawn is 
beyond the capacity of the data presented here, though there 
does not seem to be gross differences. There also are institu-
tional differences in clinical decision-making with regard to 
the management of patients in cardiogenic shock and to the 
subsequent decision to offer HT to patients on VA-ECMO. 
For this reason, the impact of differing medical management 
on outcomes cannot be ruled out.

CONCLUSIONS

Patients on VA-ECMO, specifically those without any 
AOF, remain good candidates for HT with low in-hospital 
mortality and adequate long-term survival. A MELD-XI score 
greater than 16.5 was associated with higher in-hospital mor-
tality following HT and should constitute a contraindication.
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