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Background.Heart allocation systems are usually urgency-based, offering grafts to candidates at high risk of waitlist mortality.
In the context of a revision of the heart allocation rules, we determined observed predictors of 1-year waitlist mortality in France,
considering the competing risk of transplantation, to determine which candidate subgroups are favored or disadvantaged by
the current allocation system.Methods.Patients registered on the French heart waitlist between 2010 and 2013 were included.
Cox cause-specific hazards and Fine and Gray subdistribution hazards were used to determine candidate characteristics associ-
ated with waitlist mortality and access to transplantation. Results. Of the 2053 candidates, 7 variables were associated with
1-year waitlist mortality by the Fine and Gray method including 4 candidate characteristics related to heart failure severity (hospi-
talization at listing, serum natriuretic peptide level, systolic pulmonary artery pressure, and glomerular filtration rate) and 3 charac-
teristics not associated with heart failure severity but with lower access to transplantation (blood type, age, and body mass index).
Observed waitlist mortality for candidates on mechanical circulatory support was like that of others.Conclusions. The heart al-
location systemstrongly modifies the risk of pretransplant mortality related to heart failure severity. An in-depth competing risk anal-
ysis is therefore a more appropriate method to evaluate graft allocation systems. This knowledge should help to prioritize
candidates in the context of a limited donor pool.

(Transplantation Direct 2017;3: e198; doi: 10.1097/TXD.0000000000000711. Published online 18 July, 2017.)
Heart transplantation is the preferred option for medi-
cally refractory advanced heart failure,1-4 improving

survival,5 and quality of life.
Aside from rejection and complications of immunosup-

pressive therapies, the main limitation of transplantation is
restricted access due to the low number of available grafts
compared with the number of candidates registered on the
waitlist.
Received 27 February 2017. Revision requested 11 April 2017.

Accepted 5 May 2017.
1 Agence de la Biomédecine, Saint Denis, France.
2 Conservatoire National des Arts et Métiers, Paris, France.
3 Caisse Nationale d’Assurance Maladie des Travailleurs Salariés, Paris, France.
4 Hospices Civils de Lyon, Lyon, France.

The authors declare no conflicts of interest.

C.C. participated in the study concept and design, statistical analysis, interpretation
of results, and writing of the article. C.L. participated in the study concept and
design, interpretation of results, writing of the article, and critical revision of the
article. A.L. participated in the study concept, interpretation of results, and critical
revision of the article. P.T. participated in the study concept, interpretation of
results, and critical revision of the article. C.J. participated in the critical revision of
the article. L.S. participated in the critical revision of the article. O.B. participated in
the interpretation of results and critical revision of the article. R.D. participated in

Transplantation DIRECT ■ 2017
Current allocation rules based on candidate heart severity
are under review in various countries.6-8

In 2004, a new allocation system was implemented in
France, allocating hearts primarily based on medical urgency
(Figure 1). This high-urgency (HU) based system grants
priority status to candidates on intravenous inotropes or
temporary mechanical circulatory support (MCS) (HU1-
status) and those on long-term MCS with device-related
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FIGURE 1. Schematic representation of the French heart allocation system. Preference is given to high priority level (SU) patients who are
waiting for a heart-lung transplant. Priority access is given to candidates who are on circulatory support (IV inotrope, ECMO), and would be
at high risk of needing a ventricular assist device (VAD) or total artificial heart (SU1), or candidates who have had an infection or complication
after left ventricular assist device (SU2). Then, children have priority access to transplantation based on their specific characteristics (morphol-
ogy and morbidity): the organs of a donor younger 55 years and weighing less than 50 kg will preferentially go to a child. In the absence of pri-
orities and the need for a combined transplantation, the order of the propositions is based on a rotation that allows for local variation and
practices within a hierarchy from local (same hospital or a network) to regional or national levels.
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complications (HU2 status).9 In 2015, 56% of candidates
who underwent transplantation in France had an HU status
at the time of transplantation.

Despite this approach designed to reduce waiting list mor-
tality, the rate of death or delisting due to worsening medical
condition was as high as 25.8 per 100 candidate years in
2015.10 Furthermore, the 1-year cumulative incidence of
death on the waitlist, considering access to transplantation
as a competing event, was surprisingly higher in elective can-
didates than in those listed as HU status (10%; 95% confi-
dence interval [CI], 8-11 for HU1; 7%; 95% CI, 4-11 for
HU2; and 15%; 95%CI, 14-17 for non-HU candidates10).
These results show that the current allocation system may
overprioritize HU candidates relative to the others. Within
this context, the French national transplantation agency initi-
ated studies to assess the current allocation system to develop
a more effective and equitable allocation system.11 One goal
was to develop a waiting list mortality risk score from
commonly available candidate variables not related to medi-
cal practice or assessment.12 Here, we aimed to determine
which candidate subgroups are favored or disadvantaged
by the current allocation system using competing risk sur-
vival analyses.

MATERIALS AND METHODS

Population and Data

We used data collected from the French national database
CRISTAL, which is comprised of demographic, clinical, and
biological data concerning all patients registered on the
waitlist for heart transplantation. Data are collected by the
transplant teams at listing, at the time of transplantation,
and annually thereafter. Withdrawals from the waiting list
and deaths of listed patients are notified prospectively. The
quality of the recorded data is set to a high standard as
CRISTAL is the primary tool for organ allocation in France.

http://www.transplantationdirect.com


© 2017 Wolters Kluwer Cantrelle et al 3
The study population comprised all patients registered on
the national waitlist for heart transplantation between
January 2010 and December 2013. Patients were followed
up for 1 year after their registration. Baseline clinical charac-
teristics of the patients were those recorded at registration.

Missing values for relevant covariates (items described in
Table 1) were substituted with values obtained by multiple
imputations per aMarkov chainMonte Carlo approachwith
uninformative prior information (SAS MI procedure). The
SAS MIANALYZE procedure was used to combine the re-
sults of the analyses throughout the 20 imputed data sets.13

Variableswithmore than 20%missing datawere excluded
from the analysis (date of primary diagnosis, heart rate, left
ventricular end diastolic diameter, factor V, and INR values).

Statistical Analysis

We first categorized the patients per their 1-year waiting
list outcome: (1) transplanted patient group, (2) died on the
waiting list or delisted for worsening medical condition pa-
tient group, (3) event-free patient group, consisting of pa-
tients remaining on the waiting list or those who were
delisted for reasons other than transplantation or worsening
medical condition. Categorization of continuous variables
was done per medical relevance, proportional hazards as-
sumption, and graphic analysis of the relationship between
continuous variable, modeled as restricted cubic splines,
and outcomes. They are finally presented as categorical vari-
ables, reported as frequencies (%).

Time-to-event was defined as the time from registration to
delisting (transplantation, death and delisting for worsening
medical condition, or withdrawal from the waitlist for other
reasons) or end of follow-up for patients who remained on
the waitlist.

Death on the waiting list and transplantation are compet-
ing events because when a patient undergoes a transplanta-
tion, he is no longer at risk of dying while on the waiting
list. Conversely, someone who dies on the waiting list is no
longer eligible for transplantation. A cause-specific hazards
ratio (csHR) determined by a Cox model and a subdistri-
bution hazard ratio (sHR) determined by a Fine and Gray
model14 were used to identify factors associated with 1-year
waiting list mortality and access to transplantation in univar-
iate and multivariable analyses.15 The csHR for death gives
an estimation of the risk of death independent of the access
to transplantation, whereas the sHR for 1-year waiting list
mortality gives an estimation of the resulting risk of death
considering access to transplantation.

Selection of numerous potential predictors was made in
2 steps: we initially included all factors associated with access
to transplantation or death on the waitlist with a P value less
than 0.20 by univariate analysis, using cause-specific propor-
tional and subdistribution hazard models. Then, we con-
structed final models for sHR and CsHR, step by step,
selecting factors with a significance of P less than 0.05.

Results obtained from the 2 sets of models (csHR and
sHR) are presented considering, in 1 case, death as the event
and transplantation as the competing event, and in the other,
transplantation as the event and death as the competing
event.16

Differences between those 2 methods can be interpreted as
follows for candidates with more severe disease who have
priority. If they are prioritized via the allocation system, their
access to transplantation, independent of their high risk of
death, is elevated, and the csHR for transplantation is high.
Because they have better access to transplantation than
others, the resulting risk of death on the waiting list (esti-
mated by sHR for death) of candidates with more severe dis-
ease is lower than their inherent risk of death.

Proportional assumption was verified by the score test and
graphical tools based on scaled Schoendfeld residuals.

We used the Expected Brier Score to assess the predictive
power of the models obtained.17

All analyses were performed using SAS Guide V7.1. The
validity of the final model was verified using the cmprsk
and pec R packages from R 2.13.1 software.
RESULTS

Patients

Of the 2053 patients registered on the waitlist for heart
transplantation between January 2010 and December 2013,
1349 underwent transplantation within 1 year of listing, 233
died, and 41 were delisted for a worsening medical condition.
The event-free group included 369 patients remaining on the
waitlist and 61 patients delisted for reasons other than a
worsening medical condition (50 improved patients, 3 can-
cellations, and 8 patients who declined transplantation).

Table 1 shows the characteristics of the 2053 candidates:
26% were female, 7% were pediatric cases (<18 years), 40%
were older than 55 years, 73% had no history of cardiac sur-
gery, and 43% were not at risk to be sensitized. The primary
transplant indication was dilated cardiomyopathy (46%),
followed by ischemic cardiomyopathy (32%). Valvular and
congenital heart diseases accounted for 10% of the indica-
tions. Half of the patients waited for transplantation at home
and half at hospital or in an intensive care unit (ICU). Forty-
eight percent of candidates had high BNP/NT-proBNP plasma
levels (BNP > 400 pg/mL − NT-proBNP > 2000 pg/mL).
Among the candidates, 45% were in NYHA class IV, 13%
were supported by extracorporeal membrane oxygenation
(ECMO) or an intra-aortic balloon pump, and 8% had
long-termMCS (total artificial heart or left ventricular assist
device). Inotropic infusions were used in 19%of patients and
23% received resynchronization therapy, whereas 59% had
a defibrillator. Fourteen percent of candidates had diabetes
mellitus and 13% a body mass index (BMI) higher than
30 kg∙m−2. Some patients presented comorbidities such as a
glomerular filtration rate (GFR) less than 50 mL/min per
1.73 m2 (23%), bilirubin level of 50 μmol/L or greater (6%),
or alanine aminotransferase of 71UI/L or greater (15%). Serum
sodium at registration was less than 136 mmol/L in 38% of
patients and 44% were receiving a vitamin K antagonist.
The hematocrit was less than 37% in 41% of patients.

Survival Analysis

Results of the univariate analysis are summarized in
Table S1, SDC (http://links.lww.com/TXD/A50). Fifteen var-
iables, independently associated with death on the waitlist or
access to transplantation, were considered in the final multi-
variable analysis (Table 2).

The comparison between csHR and sHR risks for trans-
plantation and death, among factors which are associated
with mortality on the waitlist, made it possible to identify
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TABLE 1.

Candidate characteristics according to 1-year postregistration status (N = 2053 registered on the cardiac waitlist between
2010 and 2013)

n (%)
Transplanted,
N = 1349

Dead or delisted for
worsening, N = 274

Remained on the
waitlist,a N = 430 % Missing value

Candidate characteristics
Blood type —

A 909 (44) 20.7 66.8 12.5

AB 96 (5) 9.4 77.1 13.5

B 225 (11) 13.3 76.4 10.2

O 823 (40) 24.7 60.3 15.1

Age, years —

0-17 138 (7) 8.0 72.5 19.6

18-54 1084 (53) 22.0 67.4 10.5

≥55 831 (40) 21.7 62.3 16.0

Sex —

Female 530 (26) 15.5 72.3 12.3

Male 1523 (74) 22.8 63.4 13.7

BMI, kg m−2
—

<25 1191 (58) 16.0 71.6 12.3

25-30 604 (29) 24.8 61.8 13.4

≥ 30 258 (13) 34.5 47.7 17.8

Sensitization

No sensitization 880 (43) 19.8 67.9 12.4 1.2

Sensitization 690 (34) 26.9 60.9 12.2

At risk for sensitizationb 458 (22) 14.3 68.9 16.9

History of cardiac surgery 1.4

No 1490 (73) 20.0 66.9 13.1

Yes 534 (26) 23.7 62.3 14.0

Primary diagnosis —

Dilated cardiomyopathy 948 (46) 20.4 67.4 12.2

Coronary artery disease 658 (32) 22.2 64.0 13.8

Valvular cardiomyopathy 112 (5) 23.2 64.3 12.5

Congenital heart disease 111 (5) 28.8 58.6 12.6

Others 224 (11) 14.7 67.9 17.4

Severity of heart disease
NYHA class IV 2.7

No 1081 (53) 29.5 61.0 9.5

Yes 917 (45) 10.9 71.2 17.8

Place of care 1.4

At home 1046 (51) 32.3 60.3 7.4

Hospital or intensive care unit 990 (48) 9.0 71.4 19.6

MCS 1.6

No MCS 1593 (78) 23.7 65.4 11.0

Temporary MCSc 260 (13) 6.4 68.4 25.2

Long-term MCSd 168 (8) 17.9 64.9 17.3

Inotropic infusion 2.5

No 1616 (79) 24.0 63.0 13.1

Yes 386 (19) 8.6 76.9 14.5

Left ventricular ejection fraction 5.9

≤ 20% 1059 (52) 19.2 67.1 13.7

20-40% 599 (29) 24.7 63.4 11.8

≥40% 205 (10) 22.4 63.9 13.7

Nonapplicable for technical or medical reasons 69 (3) 8.9 70.6 20.5

High natriuretic peptides plasma levele 14.3

No 344 (17) 34.5 59.8 5.7

Yes 979 (48) 19.9 67.6 12.4

Not applicablef 437 (21) 11.0 65.9 23.1

Pulmonary artery systolic pressure, mm Hg 8.1

<41 569 (28) 25.8 66.0 8.2

≥41 948 (46) 22.3 63.7 14.0

Continued next page
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TABLE 1. (Continued)

n (%)
Transplanted,
N = 1349

Dead or delisted for
worsening, N = 274

Remained on the
waitlist,a N = 430 % Missing value

Not doneg 369 (18) 10.2 70.5 19.4

Pulmonary vascular resistance (Wood units) 10.5

<3 1114 (54) 26.8 62.4 10.8

≥3 558 (27) 16.5 68.8 14.7

Not doneg 381 (19) 10.2 70.9 18.9

Ascites 8.9

No 1676 (82) 21.9 65.6 12.5

Yes 194 (9) 12.8 66.8 20.4

Defibrillator 2.4

No 787 (38) 13.9 69.1 17.1

Yes 1216 (59) 25.6 63.5 10.9

Cardiac resynchronisation therapy 9.3

No 1515 (74) 20.3 65.7 14.0

Yes 537 (26) 22.7 65.7 11.5

Arrhythmia 6.1

No 1031 (50) 23.4 62.9 13.7

Yes 897 (44) 18.1 68.9 12.9

Serum sodium at registration, mmol/L 4.1

<136 780 (38) 15.7 67.4 16.8

≥136 1189 (58) 24.4 64.6 11.1

Hematocrit (%) 7.8

<37 834 (41) 14.2 66.6 19.1

≥37 1059 (52) 26.3 65.0 8.8

Risk factors
Diabetes mellitus 2.2

No 1728 (84) 20.7 67.0 12.3

Yes 280 (14) 22.4 58.0 19.6

Tabacco use

No 836 (41) 17.3 68.1 14.6 5.4

Yes 1106 (54) 24.0 63.7 12.3

Comorbidities
GFR (MDRD) <50 mL/min per 1.73 m2 7.8

No 1386 (68) 22.9 65.9 11.2

Yes 477 (23) 15.9 65.9 18.3

Dialysis 30 (1) 13.3 53.2 33.5

Bilirubin level, μmol/L
<35 1631 (79) 22.7 65.3 12.0

35-50 161 (8) 15.9 65.3 18.8

≥50 128 (6) 5.5 71.7 22.8

ALAT, UI/L 6.6

<71 1607 (78) 22.8 64.6 12.6

≥71 310 (15) 11.6 71.2 17.2

Prothrombin rate, % 7.5

<50 115 (6) 5.5 70.5 24.1

50-70 296 (14) 11.2 69.5 19.2

>70 581 (28) 19.6 66.9 13.4

Vitamin K antagonist 908 (44) 27.1 63.0 9.9

Serum protein, g/L 11.5

<55 210 (10) 10.5 67.1 22.4

55-75 1416 (69) 21.3 64.8 13.9

>75 427 (21) 24.8 68.1 7.0

a Remained on the waitlist or delisted for other reason.
b At risk for sensitization, history of pregnancy, retransplantation, previous transfusion.
c Temporary MCS, balloon, or ECMO.
d Long-term MCS, total artificial heart or ventricular assist devices.
e High natriuretic peptides plasma level = BNP > 400 pg/mL − ProBNP > 2000 pg/mL.
f Not applicable for patients with MCS.
g Not done, for technical reasons catheterization was not done.

© 2017 Wolters Kluwer Cantrelle et al 5



TABLE 2.

Multivariable cause specific and subdistribution regression models for transplantation and death or removal for
worsening medical condition while on the waitlist in the presence of competing risk

Transplantation
Death or delisting
for worsening

Event, transplantation;
competing event, death
or delisting for worsening

Event, death or delisting
for worsening; competing
event, transplantation

Adjusted csHR 1 95% CI Adjusted csHR 2 95% CI Adjusted sHR 1 95% CI Adjusted sHR 2 95% CI

Candidate characteristics
Blood type
A 0.7 0.63-0.89 1.0 0.65-1.62 0.7 0.62-0.89 1.3 0.84-2.17
AB 1.1 0.86-1.50 1.4 0.68-2.77 1.1 0.79-1.44 1.4 0.67-2.81
B 1 1 1 1 —

O 0.6 0.46-0.66 1.1 0.71-1.75 0.6 0.48-0.70 1.6 1.01-2.61
Age, years
0-17 0.8 0.65-1.03 1.4 0.83-2.22 0.8 0.59-0.95 1.9 1.18-3.16
18-54 1 1 1 1 —

≥55 1.0 0.87-1.10 1.7 1.32-2.27 0.9 0.78-1.00 1.7 1.27-2.21
Sex
Female 1.3 1.13-1.49 1.0 0.74-1.41 1.3 1.10-1.45 0.9 0.62-1.20
Male 1 1 1 1 —

BMI, kg.m−2

<25 1 1 1 1 —

25-30 0.8 0.71-0.92 1.0 0.74-1.33 0.8 0.70-0.92 1.1 0.83-1.52
≥30 0.5 0.42-0.62 1.3 0.90-1.83 0.5 0.43-0.64 2.0 1.38-2.79

Sensitization
No sensitization 1 1 1 1 —

Sensitization 0.6 0.54-0.70 0.7 0.48-0.89 0.7 0.61-0.80 1.0 0.75-1.37
At risk for sensitization a 1.1 0.90-1.23 1.4 1.00-2.02 0.9 0.78-1.10 1.2 0.84-1.65

Severity of heart disease
NYHA class IV
No 1 1 1 1 —

Yes 1.3 1.14-1.50 1.4 1.05-1.96 1.2 1.01-1.34 1.2 0.86-1.60
Place of care
At home 1 1 1 1 —

Hospital or intensive care unit 1.7 1.41-1.96 3.4 2.34-4.99 1.3 1.11-1.54 2.4 1.62-3.43
MCS
No MCS 1 1 1 1 —

Temporary MCS b 1.4 1.06-1.90 1.3 0.73-2.32 1.2 0.86-1.80 0.8 0.49-1.41
Long-term MCS c 0.7 0.53-1.04 0.4 0.20-0.75 1.1 0.72-1.60 0.6 0.32-1.14

Inotropic infusion
No 1 1 1 1 —

Yes 1.5 1.28-1.83 1.1 0.74-1.66 1.5 1.18-1.78 0.7 0.48-1.12
High natriuretic peptides plasma level d

No 1 1 1 1 —

Yes 1.2 0.99-1.37 1.9 1.14-3.06 1.1 0.94-1.29 1.7 1.05-2.82
Not applicable e 1.5 1.08-2.05 5.3 2.62-10.5 1.0 0.68-1.45 3.1 1.60-6.02

Pulmonary artery systolic pressure, mm Hg
<41 1 1 1 1 —

≥41 0.9 0.81-1.07 1.4 0.96-1.94 0.9 0.81-1.06 1.5 1.03-2.10
Not done f 1.2 0.97-1.43 1.2 0.81-1.92 1.1 0.91-1.39 1.2 0.77-1.83

Arrhythmia
No 1 1 1 1 —

Yes 1.2 1.11-1.40 0.9 0.68-1.17 1.2 1.11-1.41 0.9 0.69-1.17
Comorbidities
GFR (MDRD) <50 mL/min per 1.73 m2

No 1 1 1 1 —

Yes 1.2 1.02-1.35 1.7 1.24-2.25 1.0 0.90-1.21 1.4 1.06-1.92
Dialysis 1.1 0.64-1.76 3.4 1.67-6.85 0.6 0.35-1.18 2.7 1.27-5.60

Continued next page
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TABLE 2. (Continued)

Transplantation
Death or delisting
for worsening

Event, transplantation;
competing event, death
or delisting for worsening

Event, death or delisting
for worsening; competing
event, transplantation

Adjusted csHR 1 95% CI Adjusted csHR 2 95% CI Adjusted sHR 1 95% CI Adjusted sHR 2 95% CI

Bilirubin level, μmol/L
<35 1 1 1 1 —

35-50 1.0 0.80-1.18 1.5 1.04-2.27 0.9 0.73-1.15 1.4 0.90-2.08
≥50 1.3 1.02-1.59 2.0 1.34-3.07 1.1 0.82-1.44 1.3 0.81-2.01

Prothrombin rate (%)
<50 1.6 1.23-2.03 2.6 1.62-4.10 1.1 0.81-1.45 1.6 0.97-2.60
50-70 1.1 0.93-1.32 1.3 0.90-1.93 1.1 0.87-1.28 1.2 0.81-1.76
>70 1 1 1 1 —

Vitamin K antagonist 1.1 0.94-1.25 1.0 0.73-1.45 1.1 0.94-1.25 1.0 0.72-1.43
a At risk for sensitization = history of pregnancy, retransplantation, previous transfusion.
b Temporary MCS, balloon or ECMO.
c Long-term MCS = total artificial heart or ventricular assist devices.
d High natriuretic peptides plasma level = BNP > 400 pg/mL − ProBNP > 2000 pg/mL.
e Not applicable for patients with MCS.
f Not done, for technical reasons catheterization was not done.

ALAT, alanine aminotransferase.
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those which are indicators of heart failure severity and those
which are associated with poor access to transplantation.

Candidates With a Higher Risk of Death on the Waitlist
Due to Lower Access to Transplantation

Blood group O candidates (vs group B) and candidates
with a BMI of 25 kg/m2 or less had lower access to transplan-
tation (csHR1). These factors were not associated with death
per se (csHR2). However, an increased risk of death on the
waitlist became apparent in these patients when access to
transplantation was considered (sHR2).

Similarly, patients younger than 18 years tended to have
lower access to transplantation (csHR1), which led to a
greater risk of death on the waiting list (sHR2). Of note, pe-
diatric candidates did not have higher 1-year waiting list
mortality when access to transplantation was not considered
(csHR2).

Candidates With a Higher Risk of Death on the
Waitlist Despite Better Access to Transplantation

Candidates hospitalized at listing had a higher risk of
1-year death due to heart failure than those who were cared
for at home (csHR2). Similarly, patients with a GFR under
50 mL/min per 1.73 m2 were at a higher risk of death
(csHR2). These patients remained at higher risk of death on
the waiting list when transplantation was considered as a
competing event (sHR2), despite better access (csHR1),

Candidates With a Higher Risk of Death on the
Waiting List Despite the Same Access to
Transplantation

Candidates aged 55 years or older were at a higher risk of
death before transplantation than those aged between 18 and
54 years (csHR2). However, their access to transplantation
did not differ from that of other patients (csHR1) and there-
fore did not affect their resulting risk of death (sHR2), which
was significantly higher than that of younger adults.

The risk of death of candidates with high plasma natri-
uretic peptide levels and high systolic pulmonary artery pres-
sure was significantly greater when transplantation was
considered as a competing event (sHR2) as their access to
transplantation was not significantly different from that of
others (csHR1).

Other Candidates Have the Same Resulting Risk of
Death on the Waiting List.
Candidates With Better Access to Transplantation
Which Offsets Their Increased Risk of Death Due to
Heart Failure

Candidates with severe heart failure (NYHA class IV
symptoms), high serum bilirubin levels (≥50 μmol/L), or
low prothrombin rates (<50%) had a higher risk of 1-year
death on the waitlist (csHR2). They also had better access
to transplantation (csHR1), which resulted in the same risk
of death on the waitlist when access to transplantation was
considered (sHR2).

Candidates With Less Access to Transplantation
Which Offset Their Lower Risk of Death Due to
Heart Failure

Sensitized candidates or those with long-term MCS had
less access to transplantation (csHR1), whereas they had a
lower risk of 1-year death on the waitlist due to heart failure
(csHR2). Thus, their risk of death on the waitlist within the
year after registration was the same as that of other candi-
dates when considering transplantation as a competing event
(sHR2).

Candidates With Good Access to Transplantation
and the Same Risk of Death Due to Heart Failure

Female candidates and candidates on temporary MCS, as
well as those on inotropic support at listing, had better access
to transplantation (csHR1) leading to a 1-year waiting list
survival rate like that of other patients (sHR2 near 1).

The validity of the model and the proportional hazard
assumption were respected.

DISCUSSION

The primary objective of current urgency-based allocation
systems is to reduce waiting list mortality. In the context of
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graft shortage, we posit that equity for access to transplantation
is ensuredwhen all candidates on thewaitlist have the same risk
of death when considering access to transplantation as a com-
peting event.

Here, we analyzed the determinants of waiting list mortal-
ity, including death and removal from thewaitlist for worsen-
ing medical condition, using a competing risks analysis
method that reports both Cox cause-specific hazards and
Fine and Gray subdistribution hazards. The reason for using
both methods is to distinguish between the effect of the can-
didates' medical condition and the effect of the allocation sys-
tem rules.

The assessment of prognosis in heart failure is challenging.
Demographics, functional status, filling pressure biomarkers,
and renal and liver dysfunction have been associated with
mortality in patients hospitalized for heart failure and have
been incorporated into several prognostic models for in-
hospital patients.18-21 Conversely, these variables have not
been included in commonly used prognosis scores for ambu-
latory heart failure patients.22,23 The application of outpa-
tient prognostic models to the waiting list heart failure
population is likely not appropriate.

The severity of heart failure is per se associated with a high
risk of death. The strength of this association is given by the
csHR for death, which gives an estimation of the risk of
death, independent of the access to transplantation. When
patients with more severe disease are prioritized via the allo-
cation system, they have better access to transplantation and
their csHR for transplantation is high. The resulting risk of
death of these patients while on the waitlist (estimated by
sHR for death) is lower than their inherent risk of death be-
cause they have higher access to transplantation than others.
The combination of both methods captures comprehensive
information on the determinants of waitlist mortality.

Using themultivariable Cox cause-specific hazardsmethod,
we found 1-year heart failure mortality to be higher in candi-
dates 55 years or older, hospitalized patients, patients with
NYHA class IV symptoms, candidates with high natriuretic
peptide levels, and candidates with a GFR less than 50 mL/
min per 1.73 m2, a low prothrombin rate and, a total biliru-
bin concentration of 50 μmol/L or greater (adjusted
csHR2 > 1). We found that long-term MCS was a predictor
of lower 1-year mortality on the waiting list (adjusted
csHR2, 0.4 [95% CI, 0.20-0.75]). This may be due to recent
advances in the management of ventricular assist device pa-
tients.24 This finding underlines that prioritization of stable
candidates on long-term MCS may not be equitable, at least
within the time window of 1 year. The incidence of late com-
plications and their impact on mortality of LVAD recipients
with or without heart transplantation is beyond the scope
of this study.

In addition, this study identified candidate characteristics
associated with higher waiting list mortality when competing
risk of transplantationwas considered (Table 2 andTable S1,
SDC, http://links.lww.com/TXD/A50).

Five well-recognized predictors of mortality in heart fail-
ure (age,≥ 55 years, hospitalization, high systolic pulmonary
artery pressure, elevated natriuretic peptide levels, and low
GFR) were associated with waiting list mortality by the Fine
andGraymethod (adjusted sHR2, > 1).None of these factors
was associatedwith improved access to transplantation except
hospitalization. This finding indicates that the current
allocation system does not properly prioritize specific high-
risk patient subcategories. This study suggests that the prior-
itization of candidates based on candidate characteristics,
rather than on medical management, may offer advantages.

Using the Fine and Gray method, we found 3 variables
(blood type O; age, < 18 years; BMI, ≥ 30 kg/m2), which
are not predictors of mortality in heart failure (adjusted
csHR2 near 1), to be predictors of waiting list mortality (ad-
justed sHR2 > 1). These characteristics were associated with
lower access to transplantation. Identical donor and recipient
ABO blood type matching is the common rule in France, but
ABO-compatible hearts may be allocated to HU candidates,
as well as those with low access to transplantation. Conse-
quently, the waiting time of blood type O candidates is signif-
icantly longer than for others. This study in agreement with
that of Hussey et al24 suggests that blood type O hearts only
be allocated to blood type O or B recipients. The current allo-
cation system in France grants priority status to pediatric
over adult candidates. Thus, 52% of pediatric candidates
were transplanted with a heart from an adult donor. Nev-
ertheless, allocation policies do not address the issue of
oversized donor hearts in pediatric candidates. Efforts to
improve the pediatric donation process are needed. Apart
from posttransplant outcomes, obesity also raises the issue
of donor-recipient size matching. The International Society
for Heart and Lung Transplantation has stated that a male
donor of 70 kg can be safely used for any recipient, irrespec-
tive of his weight.25 Utilization of these hearts can be in-
creased without increasing posttransplant mortality.

With the competing risk analysis using the Fine and Gray
method, we found that candidates on VA-ECMO and those
on inotropic support at listing had a 1-year waiting list sur-
vival rate like that of other patients (sHR2 near 1). Their rel-
atively low risk of death on the waiting list can be explained
by better access to transplantation (adjusted csHR1 > 1), as
the current allocation system in France grants HU status to
candidates on VA-ECMO and inotropic support over long-
term MCS patients with device-related complications and
other candidates. These therapies accurately identify patients
with poor outcomes. The improvement in management of
these very high-risk patients without transplantation may
have had a positive effect on their waiting listmortality, in ad-
dition to the positive impact of the current graft allocation al-
gorithm. However, it has been noted that the allocation of
grafts based on therapy provides a strong incentive to over-
use treatments with well-known complications.26

This study has several limitations. It consisted of the anal-
ysis of registry data subject to coding errors and missing
values, even if the quality of the recorded data is currently
tested. Surprisingly, sensitized candidates, who have less ac-
cess to grafts, had the same waiting list mortality rate as
others (adjusted sHR2= 1). This point should be considered
cautiously because the techniques and reporting for HLA an-
tibody screening are heterogeneous in France. Some variables
that were not incorporated in the database may have influ-
enced waiting list mortality and affected the study results.
Medical data collected at listing are likely to change over
waiting time.

Mortality on waiting list is strongly associated to shortage
and allocation rules aside from candidate characteristics. Lo-
cal donor availability and candidate characteristics may
modify the risk determinants and their relevance. Thus, a
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single universal set of criteria for organ prioritization cannot
be defined. Here, we provide a method rather than a specific
score or set of variables. This empirical approachmust be ap-
preciated in a field that shows much geographical variability
and changing scenarios over time.

In conclusion, we calculated unbiased estimates of the
mortality risk among heart transplant candidates on the
waitlist. Prioritization based on the severity of heart failure
had an impact on both transplantation and death. In the pres-
ence of these competing events, the simultaneous use of the
Cox and Fine and Gray models permits comprehensive as-
sessment of the current allocation system. The Cox propor-
tional hazard allows estimation of the candidates' risk of
death due to the severity of heart failure, and the Fine and
Gray subdistribution hazards is useful for understanding
how differential access to transplantation affects mortality
on the waitlist.

This more appropriate method helps to understand which
factors have a true impact on the death of heart transplant
candidates on the waitlist in the current system and will be
used to assess the future French allocation system.
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