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1  | INTRODUC TION

Heart transplantation (HT) represents the gold standard treatment 
for patients with end-stage heart failure1 as it is associated with 
improved survival and quality of life in these patients2; however, 
its wider application is limited by the scarce availability of suitable 
organ donors. The huge discrepancy existing between the growing 
number of patients suffering from heart failure and the limited num-
ber of donors has led to an increase in the use of left ventricular 

assist devices (LVAD) as a bridge to transplant therapy (BTT).3 New 
strategies are required to implement the donor pool including the 
expansion of criteria for acceptance of organ donor, the use of non 
heart-beating donors, and the development of optimal preserva-
tion and perfusion techniques for the reconditioning of the heart 
after cardiac arrest.4,5 While reluctance exists in accepting marginal 
donors in consideration of higher incidence of primary graft dys-
function (PGD) and worse survival, waiting for an optimal donor es-
pecially in higher risk patients is no longer ethically acceptable. The 
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Abstract
Background: To evaluate the early and late outcome of heart transplantation (HT) 
using marginal (MDs) and optimal donors (ODs).
Methods: Clinical records of recipients transplanted between July 2004 and 
December 2014 were retrospectively reviewed. MDs were defined as follows: age 
>55 years, high-dose inotropic support, left ventricular ejection fraction <45%, left 
ventricular hypertrophy, donor to recipient predicted heart mass ratio <0.86, is-
chemic time >4 hours.
Results: A total of 412 (55%) recipients received an organ from a MD; recipients who 
received an organ from an OD had less primary graft dysfunction (PGD) (25% vs 38%; 
P < .001), less acute renal failure (23% vs 34%; P < .001), and higher survival rates 
(90.2% vs 81.8% at 30 days, 79.5% vs 71.1% at 1 year, 51.8% vs 45.4% at 12 years; 
P = .01) than recipients who received an organ from a MD. There was no statistically 
significant difference in 30-day conditional survival between the two groups (sur-
vival rates 57.4% vs 55.5% at 12 years; P = .43). PGD, perioperative hemodialysis, and 
sepsis were independent risk factors of mortality at multivariate analysis.
Conclusions: Utilization of MDs for HT is associated with a higher incidence of PGD 
and acute renal failure, and a reduction of 30-day survival.
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purpose of the present study is to assess the influence of marginal 
donors on early and long-term results of HT.

2  | PATIENTS AND METHODS

The study protocol was approved by the Institutional Review Board. 
Clinical records of all adult patients transplanted between July 2004 
and December 2014 were retrospectively reviewed. In July 2004, 
a national high urgency waiting list started in France to prioritize 
organs for critically ill patients requiring high-dose inotropic drugs 
or short-term mechanical cardio-circulatory support (High Urgency 
type 1, HU1) and for patients experiencing thrombotic or infective 
complications related to the implant of a long-term mechanical cir-
culatory support (High Urgency type 2, HU2). Patients undergoing 
multi-organ and re-transplantation were excluded from the study. 
Data were collected until June 2017. Patients were divided into two 
groups according to the quality of the donor: patients receiving an 
organ from an optimal donor (OD) were assigned to the OD group, 
while patients receiving an organ from a marginal donor (MD) were 
assigned to the MD group. Marginal donor criteria were defined 
as follows: age >55 years, donor to recipient predicted heart mass 
(D/R-PHM) ratio < 0.86,6 high-dose inotropic support (norepineph-
rine > 4 mg/h), left ventricular ejection fraction (LVEF) < 45%, left 
ventricular	hypertrophy	(LVH)	(septum	thickness	≥	14	mm),	ischemic	
time > 4 hours. The RADIAL score7 could not be calculated be-
cause recipients' right atrial pressures were unavailable; a modified 
RADIAL score was calculated including all the other components (re-
cipient	age	≥60	years,	diabetes	mellitus,	inotrope	dependence,	donor	
age	≥30	years,	length	of	ischemic	time	≥240	minutes).[8]	Clinical	re-
cords of donors were provided by the “Agence de la Biomedicine,” 
the French Agency for organ transplantation that guarantees for the 
accurateness of the information. Further details about the operative 
technique, the immunosuppression, the PHM formula, the follow-
up, and the statistical analysis are provided as Appendix S1.

3  | RESULTS

From July 2004 to December 2014, a total of 803 HTs were per-
formed at our institution; 39 patients underwent multi-organ trans-
plantation and 16 patients underwent re-transplantation and were 
excluded from the study. The remaining 748 patients were divided 
into two groups according to the quality of the donor: 336 (45%) 
recipients received an organ from an optimal donor (OD group) and 
412 (55%) recipients received an organ from a donor with at least 
one marginal donor (MD group) criteria. The most frequent MD cri-
teria were age >55 year (38%) and ischemic time >4 hours (24%) 
(Table S1); 312 (76%) recipients had a donor with 1 MD criteria, 86 
(21%) had a donor with 2 criteria, and 14 (3%) had a donor with 3 
criteria. Donors' and recipients' pre- and postoperative character-
istics are illustrated in Table 1; ODs were significantly younger and 
were more often male, they had higher PHM, more history of cardiac 

arrest and drug abuse, more anoxia as cause of death. Recipients 
who received an organ from an OD had a significantly lower modi-
fied RADIAL score and had less sex mismatch and less female donor 
for a male recipient; they also had significantly less PGD requiring 
a postoperative ECMO, acute renal failure requiring CRRT, periop-
erative plasmapheresis sessions for immune sensitization and MOF 
than recipients who received an organ from a MD. Recipients who 
needed a postoperative ECMO for PGD were older, were trans-
planted more frequently in HU1, had more preoperative ECMO, had 
longer ischemic and CPB time, were more frequently transplanted 
with pfDSA requiring perioperative plasmapheresis, underwent 
more frequently a redo surgery, and had higher modified RADIAL 
score and their corresponding donors needed more frequently a 
high-dose inotropic support (Table 2). Acute renal failure requiring 
early postoperative CRRT was recorded in 218 (29%) recipients; pa-
tients who required early postoperative CRRT had longer only is-
chemic and CPB time compared to patients who did not (Table S2). 
There was no difference in end-stage renal disease (ESRD) requiring 
hemodialysis or need for kidney transplantation between recipients 
who needed early postoperative CRRT and recipients who did not 
(Table S2). We additionally evaluated if there was a change over time 
in the acceptance of MDs; we divided the study period into two 
sub-periods: from July 2004 to December 2009 (period 1) and from 
January 2010 to December 2014 (period 2) (Table S3); 376 HTs were 
performed during the period 1 and 197 (52%) recipients received an 
organ from a MD, while 372 HTs were performed during the period 
2 and 215 (58%) recipients received an organ from a MD (P = .15). 
No difference was observed in donors' age between the two peri-
ods; however, donors in period 1 had significantly less cardiac arrest, 
LVH, and drug abuse than donors of period 2. We also evaluated if 
there was a change of the recipient's profile over time; during period 
1, recipients had less preoperative ECMO and LVAD and were less 
frequently transplanted in HU1 and HU2, than recipients belonging 
to period 2 (Table S3). Recipients of the period 1 had less postop-
erative ECMO for PGD and more CRRT and MOF than recipients of 
period 2 (Table S3).

3.1 | Recipient survival

At the end of the follow-up, a total of 304 events were recorded, 
including 300 deaths and 4 re-transplantations; we recorded 123 
events in the OD group including 121 deaths and 2 re-transplanta-
tion (1 for chronic allograft rejection and 1 for PGD) and 181 events 
in the MD group, including 179 deaths and 2 re-transplantation for 
chronic allograft rejection. Kaplan-Meier analysis showed a mean 
survival time of 8.6 ± 0.3 years in the OD group and 7.5 ± 0.3 years 
in the MD group. Survival rates were significantly higher in re-
cipients receiving an organ from an OD donor (90.2% vs 81.8% 
at 30 days, 79.5% vs 71.1% at 1 year, 51.8% vs 45.4% at 12 years; 
P = .01) (Figure 1A). There was no statistically significant differ-
ence in 30-day conditional survival between the two groups (sur-
vival rates 57.4% vs 55.5% at 12 years; P = .43) (Figure 1B). The 
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TA B L E  1   Donors' and recipients' preoperative and early postoperative characteristics according to the quality of the donor

OD group (n = 336) MD group (n = 412) P

Donors' characteristics

Age (y) 45 (35-50) 55 (43-60) <.001

Male sex 247 (74%) 235 (57%) <.001

Sex mismatch 84 (25%) 159 (39%) <.001

Donor F/recipient M 44 (13%) 129 (31%) <.001

BMI 25 25 (22-28) .46

PHM 178 (153-195) 167 (138-187) <.001

Main cause of death

Cerebrovascular accident 149 (44%) 227 (55%) .004

Trauma 106 (32%) 107 (26%) .11

Anoxia 58 (17%) 48 (13%) .03

Gunshot wound 11 (3%) 16 (4%) .8

Other 13 (4%) 14 (3%) .88

Cardiac arrest 94 (28%) 76 (18%) .003

Drug abuse 23 (7%) 14 (3%) .04

LVEF (%) 60 (59-66) 62 (60-70) .15

Troponine T peak level (ng/mL) 0.16 (0.05-1.1) 0.15 (0.04-0.59) .13

Norepinephrine dose (mg/h) 1 (0.4-1.9) 1 (0.3-2) .13

Brain injury time (d) 2 (1-6) 2 (1-5) .94

Recipients' preoperative characteristics

Age (y) 51 (42-58) 53 (41-60) .18

Male sex 251 (75%) 334 (81%) .04

BMI 24 (21- 27) 24 (21-27) .17

PMH 168 (144-184) 172 (152-189) .02

Dilated cardiomyopathy 137 (41%) 188 (46%) .2

Ischemic cardiomyopathy 113 (34%) 143 (35%) .81

Valvular cardiomyopathy 20 (6%) 25 (6%) .93

Hypertrophic cardiomyopathy 15 (4%) 11 (3%) .25

Restrictive cardiomyopathy 13 (4%) 13 (3%) .74

Arrhythmogenic right ventricular 
dysplasia

11 (3%) 7 (2%) .24

Toxic cardiomyopathy 11 (3%) 6 (2%) .15

Congenital cardiomyopathy 5 (1%) 13 (3%) .21

Postpartum cardiomyopathy 5 (1%) 3 (1%) .51

Other cardiomyopathy 6 (2%) 3 (1%) .32

National high emergency waiting list

HU1 132 (39%) 154 (37%) .52

HU2 20 (6%) 35 (8%) .23

Preoperative ECMO 60 (18%) 78 (19%) .77

Time on ECMO (d) 9 (3-17) 7 (3-15) .33

LVAD 21 (6%) 29 (7%) .77

Time on LVAD (d) 400 (254-549) 303 (225-430) .34

BIVAD or TAH 9 (3%) 23 (6%) .07

Time on BIVAD or TAH (d) 163 (41-206) 92 (57-290) .66

Redo surgery 109 (32%) 150 (36%) .29

(Continues)
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main cause of 30-day mortality was PGD and the main cause of late 
mortality was sepsis in both groups (Table S4). We found no dif-
ference in long-term survival of recipients who received an organ 

from a MD with regard to the number of MD criteria; in particular 
survival rates at 12 years were 45.5% in recipients who received an 
organ from a donor with 1 MD criteria and 47.7% in recipients who 
received an organ from a donor with 2 or 3 MD criteria (P = .65) 
(Figure S1). Univariate analysis was performed with several donors' 
and recipients' variables; significant variables on univariate analysis 
were entered in the Cox multivariate regression. Multivariate analy-
sis showed that donor age > 55 years, postoperative ECMO, early 
postoperative CRRT, and sepsis were independent risk factors of 
mortality after HT, while donor's history of cardiac arrest and LVH 
had a protective effect (Table 3).

3.2 | Allograft rejection

The cross-matching was positive in 13 (4%) recipients of the OD 
group and in 26 (6%) recipients of the MD group (P = .18). Three 
hundred and eight (92%) recipients of the OD group and 353 (86%) 
of the MD group had a least one EMB during the follow-up. Acute 
cellular	allograft	rejection	grade	≥	2R	was	histologically	recorded	in	
50 (16%) recipients of the OD group and in 54 (15%) recipients of 
the MD group. Long-term survival free from acute allograft rejection 
grade	≥	2R	was	80.7%	in	the	OD	group	and	81.5%	in	the	MD	group	
(P = .9) (Figure 2A).

3.3 | Cardiac allograft vasculopathy

Two hundred and fifty-three (75%) recipients in the OD group and 
273 (66%) in the MD group received at least one coronary angiog-
raphy during the follow-up. CAV grade 2 was diagnosed in 31 (9%) 
patients of the OD group and in 25 (6%) patients of the MD group 
and CAV grade 3 was diagnosed in 17 (5%) patients of the OD 
group and in 23 (6%) patients of the MD group. Forty-one (12%) 

OD group (n = 336) MD group (n = 412) P

Modified RADIAL score 1 (1-2) 2 (1-2) <.001

Recipients' early postoperative characteristics

Ischemic time (min) 182 (129-210) 205 (139-246) <.001

CPB time (min) 101 (81-129) 113 (88-147) <.001

Postoperative ECMO 84 (25%) 156 (38%) <.001

Plasmapheresis 56 (17%) 109 (26%) .002

Mechanical ventilation > 48 h 151 (45%) 217 (53%) .04

Postoperative CRRT 76 (23%) 142 (34%) <.001

Multiple organ failure 47 (14%) 88 (21%) .01

Sepsis 59 (18%) 93 (23%) .1

Cerebrovascular accident 20 (6%) 25 (6%) .93

Re-exploration for bleeding 34 (10%) 39 (9%) .86

Abbreviations: MD, marginal donor; OD, optimal donor.

TA B L E  1   (Continued)

TA B L E  2   Donors' and recipients' variables according with PGD 
requiring early postoperative ECMO after HT

Variable

Primary graft dysfunction

P
No  
(n = 508)

Yes 
(n = 240)

Donors's variables

Age >55 y 132 (26%) 72 (30%) .28

History of cardiac arrest 109 (21%) 61 (25%) .26

Ischemic time > 4 h 72 (14%) 56 (23%) .002

Norepinephrine > 4 mg/h 21 (4%) 21 (9%) .01

IV	Septum	≥	14	mm 25 (5%) 17 (7%) .3

IV Drug abuse 22 (4%) 15 (6%) .34

D/R-PHM ratio < 0.86 72 (14%) 44 (18%) .17

LVEF < 45% 5 (1%) 3 (1%) .95

Recipients' variables

Age (y) 51 (42-58) 54 (43-61) .05

High urgency 1 180 (35%) 106 (44%) .02

High urgency 2 34 (7%) 21 (9%) .32

Preoperative ECMO 64 (13%) 74 (31%) <.001

LVAD 31 (6%) 19 (8%) .42

BIVAD or TAH 17 (3%) 15 (6%) .1

Ischemic time (min) 184 
(125-220)

207 
(169-240)

<.001

CPB (min) 99 (79-125) 127 
(102-174)

<.001

Perioperative 
plasmapheresis

95 (19%) 70 (29%) .002

Redo surgery 153 (30%) 106 (44%) <.001

Modified radial score 2 (1-2) 2 (1-2) <.001
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patients of the OD group and 41 (10%) patients of the MD group 
underwent one or more percutaneous transluminal coronary an-
gioplasty (PTCA) with stenting; no patient underwent coronary 

artery bypass grafting. At the end of the follow-up, survival free 
from PTCA was 75.7% in the OD group and 76.1% in the MD group 
(P = .96) (Figure 2B).

F I G U R E  1   Kaplan-Meier curves for long-term overall survival (left) and 30-d conditional survival (right) in recipients according to the 
quality of donors; OD, optimal donor; MD, marginal donor

Univariate analysis Multivariate analysis

Hazard ratio (95% 
CI) P

Hazard ratio (95% 
CI) P

Donors's variables

Donor age >55 y 1.39 (1.09-1.76) .009 1.26 (0.99-1.61) .02

History of cardiac 
arrest

0.7 (0.52-0.94) .01 0.74 (0.55-1.01) .05

Ischemic time >4 h 1.14 (0.85-1.59) .35

Norepinephrine 
>4 mg/h

1.7 (1.11-2.6) .02 1.33 (0.86-2.05) .18

LVH 0.5 (0.26-0.98) .02 0.34 (0.17-0.67) .002

Drug abuse 0.64 (0.34-1.21) .17

D/R-PHM 
ratio < 0.86

1.11 (0.82-1.51) .48

LVEF < 45% 0.89 (0.28-2.78) .84

Recipients' variables

Age > 50 y 1.45 (1.15-1.83) .001 1.16 (0.92-1.47) .2

High urgency 1 0.79 (0.62-1) .05

High urgency 2 0.92 (0.58-1.47) .75

Preoperative ECMO 1.03 (0.76-1.38) .83

LVAD 0.72 (0.42-1.25) .21

Plasmapheresis 0.94 (0.71-1.26) .71

Postoperative ECMO 2.51 (2-3.16) <.001 1.65 (1.29-2.11) <.001

CRRT 4.2 (3.34-5.27) <.001 2.59 (1.97-3.4) <.001

Postoperative sepsis 3.78 (2.98-4.79) <.001 2.11 (1.6-2.77) <.001

TA B L E  3   Donors' and recipients' 
risk factors for long-term mortality at 
univariate and multivariate analysis
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4  | DISCUSSION

We reported our long-term experience of marginal heart donor uti-
lization in a large series of recipients and showed that acceptance of 
MD for patients waiting for HT is associated with a higher incidence 
of PGD and acute renal failure, and a reduction of 30-day survival. 
We found no statistically significant difference in 30-day conditional 
survival as well as in long-term complication as CAV and allograft re-
jection between recipients transplanted with an optimal heart donor 
and recipients transplanted with a marginal heart donor. Previous 
studies focused on the utilization of MDs for recipients in alternate 
list and showed controversial results; some authors reported that 
the alternate list patients had comparable survival with standard list 
patients,9 while others demonstrated a lower survival in these pa-
tients.10 One of the main concerns when using MDs is higher the 
risk of PGD which represents the most common cause of death 
within 30 days of HT,11 accounting for about 40.5% of deaths.12 The 
reported incidence of PGD after HT varies widely between stud-
ies with estimates ranging between 2% and 26% and most of the 
variability can be attributed to the different definitions of PGD used 
by various authors13; in the most recent series, the reported inci-
dence of PGD is as high as 30%.14,15 In our series, PGD was defined 
as the need of a temporary mechanical circulatory support and its 
incidence may appear elevated but this is probably due to a lower 
threshold at our institution for aggressive use of temporary circu-
latory mechanical support in HT patients. Our policy is to rest the 
transplanted heart on ECMO for 24-48 hours rather than attempt 
immediate weaning from cardiopulmonary bypass in the operating 
room. The rationale is to allow the heart more time to recover from 
the perioperative stress that it has been subjected to before impos-
ing further stress of supporting the recipient circulation; moreover, 

in recipients preoperatively implanted with ECMO, our policy is to 
maintain ECMO postoperatively to avoid complications of repeated 
vessel cannulation. Consequently, we found a higher incidence of 
PGD in recipients receiving an organ from a MD, which is in contrast 
with previous reports showing similar incidence of PGD between 
alternate and standard list patients.16 In our series, recipients trans-
planted with a MD had also more acute renal failure requiring early 
postoperative CRRT, which was an independent risk factor of mor-
tality at multivariate analysis; however, there was no difference in 
ESRD requiring hemodialysis or need for kidney transplantation be-
tween recipients who needed early postoperative CRRT and recipi-
ents who did not. These results are consistent with a recent report 
showing that the need for acute postoperative renal replacement 
therapy was associated with impaired survival but did not predict 
ESRD among survivors.17

In our series, acceptance of MDs remained stable over time; 
however, the acceptance of donors with a history of cardiac arrest 
increased over time. We previously reported that acceptance of do-
nors with a history of cardiac arrest is safe to expand the donors 
pool18; additionally we showed a significantly better long-term sur-
vival in recipients receiving an organ from a cardiac arrest resusci-
tated donor, probably due to the younger age of these donors as 
well as to the ischemic preconditioning effect of cardiac arrest.19 
Also, the number of donors with history of drug abuse increased 
over time; results of heart transplantation using donors with a his-
tory of drug abuse are controversial. Some authors described a case 
of acute right ventricular failure due to cocaine cardiomyopathy,20 
while other studies showed that use of donors with a history of past 
and current cocaine use does not result in worse outcomes.21,22

Recipients' profile also changed over time: recent recipients were 
at higher risk and were more frequently transplanted in high priority, 

F I G U R E  2  Kaplan-Meier	curves	for	long-term	survival	free	from	acute	cellular	rejection	grade	≥	2R	(left)	and	PTCA	for	cardiac	allograft	
vasculopathy (right) according to the quality of donors; OD, optimal donor; MD, marginal donor
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they had more preoperative ECMO and LVAD and were more im-
mune-sensitized. As at the time of this study high priority allocation 
was available only for 4 consecutive days in France, this may explain 
why a considerable number of MDs were accepted for transplantation 
in the study period. The discrepancy between the limited availability of 
donor hearts and the increasing number of patients with heart failure 
whose condition deteriorates while on the heart transplant waiting list 
or who have advanced heart failure with end-organ dysfunction at list-
ing has also led to an increase in the use of LVADs as BTT3; moreover, 
survival after HT in patients supported with continuous-flow devices 
is equivalent to that with conventional transplantation.23,24 Waiting 
list mortality has significantly improved in the recent era due to the 
increase in the use of long-term mechanical circulatory support24; 
nevertheless, HT still represents the gold standard for patients with 
end-stage heart failure. Previous reports showed no difference be-
tween waiting list survival of patients with LVAD support as BTT and 
post-transplant survival of recipients with marginal donor hearts at 30-
day, 1-year and 2-year.25 Using LVAD support as BTT may theoretically 
allow time for better allocation of optimal donor hearts as opposed to 
transplantation with a MD. However, patients implanted with LVAD 
have a progressive decline of survival due to hemorrhagic, thrombotic, 
and infective complications compared with survival of recipients that 
remains relatively stable after HT, and they undergo transplantation 
mainly in case of emerging complications.26 When LVAD implanta-
tion is contraindicated and heart transplantation is the only option, 
patients should be involved in the decision and be informed about the 
risk of higher mortality when using marginal donors.27

Univariate and multivariate analysis highlighted that marginal 
donor criteria do not affect recipient outcome in the same way; some 
criteria are strictly related to the quality of the heart, while others as 
D/R-PHM ratio or ischemic time > 4 hours does not necessarily mean 
that the heart itself is unsuitable for transplantation. HT can be safely 
performed using low D/R-WR donors between sex-matched and 
male to female transplants; however, in female to male transplants, 
using of low D/R-WR donors is associated with decreased survival.28 
We calculated the PHM of donors and recipients and we considered 
D/R-PHM ratio < 0.86 instead of weight mismatch as a marginal 
donor criteria, because PHM represents the optimal donor-recipi-
ent size match metric for prediction of mortality after heart trans-
plant as highlighted by a recent study.6 The effect of ischemic time 
on survival after heart transplantation is dependent on donor age, 
with greater tolerance for prolonged ischemic times among grafts 
from younger donors.29 In our series, low D/R-PHM ratio and isch-
emic time >4 hours were not predictive of mortality, while high-dose 
inotropic support was an independent risk factor of mortality after 
HT only at univariate analysis. Previous reports showed association 
between donor norepinephrine use and PGD,30 conversely a recent 
paper showed that in the presence of favorable recipient-donor sex 
combinations and short ischemic times, donor norepinephrine dose is 
not associated with mortality and PGD.31 Donor age is a well-known 
risk factor of mortality after HT32 especially when it is associated with 
a prolonged ischemic time33 and our results confirmed that donor age 
>55 years is an independent risk factor of mortality at multivariate 

analysis. Surprisingly in our series, the use of MD with LVH was not 
a risk factor of mortality at multivariate analysis which is consistent 
with a previous report34; however, the authors also showed an in-
creased risk of death in recipients of allografts with LVH and donor 
age >55 years, and in recipients of allografts with LVH and ischemic 
time	 ≥4	 hours.	 In	 our	 series,	 acceptance	 of	 marginal	 heart	 donor	
slightly increased over time as well as the number of recipients and 
their fragility; more than 50% of all recipients received an organ from 
a MD which may seem excessively high; however, most of MDs had 
only one marginal donor criteria, mainly represented by donor age 
>55 years. In an era of donor shortage, consensus criteria need to 
be revisited to liberalize the pool of acceptable donors; however, the 
decision making should be based on recipient' clinical circumstances 
and careful evaluation of concurrent donor risk factors. Recipients 
should be involved in the decision and informed that use of MDs is 
associated with a higher incidence of PGD and a reduction of early 
survival; a lower threshold for ECMO use in transplanted patients 
may improve cardiac recovery and recipient's survival.
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