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Introduction

Lung transplantation (LT) is an established treatment
option for patients with a wide variety of end-stage lung
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Summary

Many candidates for lung transplantation (LT) die on the waiting list, raising the
question of graft availability and strategy for organ allocation. We report the
experience of the new organ allocation program, “High Emergency Lung Trans-
plantation” (HELT), since its implementation in our center in 2007. Retrospective
analysis of 201 lung transplant patients, of whom 37 received HELT from Ist July
2007 to 31th May 2012. HELT candidates had a higher impairment grade on
respiratory status and higher Lung Allocation Score (LAS). HELT patients had
increased incidence of perioperative complications (e.g., perioperative bleeding)
and extracorporeal circulatory assistance (75% vs. 36.6%, P = 0.0005). No signifi-
cant difference was observed between HELT and non-HELT patients in mechani-
cal ventilation duration (15.5 days vs. 11 days, P = 0.27), intensive care unit
length of stay (15 days vs. 10 days, P = 0.22) or survival rate at 12 (81% vs.
80%), and 24 months post-LT (72.9% vs. 75.0%). Lastly, mortality on the waiting
list was spectacularly reduced from 19% to 2% when compared to the non-HELT
2004-2007 group. Despite a more severe clinical status of patients on the waiting
list, HELT provided similar results to conventional LT. These results were associ-
ated with a dramatic reduction in the mortality rate of patients on the waiting list.

diseases. The limitation of this treatment is the shortage
of donors and its associated consequence: the significant
number of patients who die while on the waiting list
(1,2].
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Measures have been taken worldwide against the imbal-
ance between graft supply and recipient demand. Graft
collection has been improved with the development of
regionalization and calls for organ donation. At the same
time, extension of donor criteria [3] and new ex vivo con-
ditioning techniques have permitted a substantial increase
in the number of grafts available without radically chang-
ing receiver outcome [4]. Improving graft allocation, par-
ticularly using the prioritization system, is a
complementary way to diminish mortality while on the
waiting list. The different prioritization policies for graft
allocation currently used are summarized and compared
in Table SI. In May 2005, the Organ Procurement and
Transplantation Network (OPTN) changed the policy for
lung allocation for transplantation in the United States to
a system that repartitions based primarily on a Lung Allo-
cation Score (LAS) [5]. First reports of experience with
this score in the United States showed a significant
decrease in waiting time and mortality while on the list. In
addition, no significant difference was shown for in-hospi-
tal mortality and 1-year survival since LAS implementa-
tion, whereas some observations recorded an increase of
primary graft dysfunction and length of stay in intensive
care [6-8].

An Australian single center experience reported that LT
in critically ill inpatients does give poorer survival com-
pared to outpatients, although this was associated with a
definitive survival advantage compared to untransplanted
patients [9].

In Europe, different measures have been taken to
improve graft repartition, as demonstrated by both Euro-
transplant [10,11] and the Spanish prioritization programs
[12] (see Table S1).

In France, the High Emergency Lung Transplantation
(HELT) allocation system was defined in July 2007 to pri-
oritize graft allocation to patients with short-term severe
prognoses. The French National Transplantation Agency
(Agence de la Biomédecine (ABM)) predefined inclusion cri-
teria, combining severity markers, and etiological condi-
tions (Table 1). Specifically, LT benefit is partly predicted
by the underlying disease [13].

In 2012, Boussaud et al. conducted the first multicenter
study evaluating the HELT program between July 2007 and
June 2008. The survival rates in the 32 HELT recipients at
1, 3, 6, 12, and 24 months were significantly lower than
those for the 154 patients who underwent regular LT dur-
ing the same period. The authors also suggested that the
new allocation rules could increase waiting list mortality
for those not selected for the HELT procedure [14].

As allocation prioritization strategies remain a key issue
for the success of transplant programs, and our center’s
clinical impression differs from these previous studies, we
critically analyzed our experiences with the HELT program.

© 2015 Steunstichting ESOT 28 (2015) 1092-1101
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Table 1. HELT registration criteria.

Cystic fibrosis Pulmonary fibrosis Pulmonary hypertension
Invasive MV or  Invasive MV or ECMO or  Invasive MV or ECMO or
ECMO or
PaCO2 > 80 Sa02 < 90% despite NYHA IV and cardiac
mmHg high concentration 02 index <2L/min and
and NIV>18 therapy and medical PVR>1200 dyn.s/cm?

h/24 for 72 h Maximal medical

treatment for 72 h

maximal treatment

The objective is to select high-risk patients for those 3 indications of LT.
Exclusion criteria define (i) patients whose clinical statement is not com-
patible with surgery (to reduce graft “misuse,” that is, hemodynamic
failure, multiple organ failure, or uncontrolled sepsis), (ii) or responding
to etiological criteria (COPD, emphysema, retransplantation), for whom
the benefit-risk balance for accelerating transplant procedure is unclear.
Already registered on a waiting list for LT, HELT patients are registered
for a period of 8 days, renewable once. All the requests are systemati-
cally reviewed and approved by an expert. If more than one candidate is
listed simultaneously, the graft is allocated to the first subscriber.

In this regard, we compare both the time and mortality rate
on the waiting list between pre- and post-HELT eras, as
well as evaluate post-transplantation survival in HELT and
non-HELT patients.

Methods

Population and data collection

To assess the impact of the HELT program, we conducted a
retrospective monocentric cohort study between July 2007
and May 2012 in the Foch Hospital Thoracic Department.
This retrospective observational study was approved by the
research protocol evaluation committee of the Institutional
Review Board of the French Learned Society For Respiratory
Medicine—Société de Pneumologie de Langue Frangaise.

For historical comparison, we considered the Foch
cohort population during two periods: pre-HELT era (Jan-
uary 2004-June 2007) and the HELT era (July 2007-May
2012); we evaluated the impact of the HELT program on
both time and death rate while on the waiting list. All data
were collected from exhaustive examination of medical
reports.

The HELT era population was composed of all patients
who had both HELT and non-HELT during this period
(July 2007-May 2012). Pretransplantation status, trans-
plantation procedure, perioperative outcome, long-term
outcome, and survival were compared between the HELT
and non-HELT groups. The ex vivo lung perfusion (EVLP)
procedure was introduced in April 2011 [15]; therefore, we
also considered the HELT era before (HELT era pre-EVLP)
and after implementation of the EVLP (HELT era post-
EVLP). Interestingly, only non-HELT patients benefited
from this procedure.
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Pretransplantation status

Time on the regular or HELT waiting list, preoperative
clinical status (including age, sex, initial pulmonary disease,
size, weight, BMI, plasmatic creatininemia, PaCO2, PaO2),
systolic pulmonary arterial pressures (sPAP measured by
cardiac echography), oxygen flow rate, need for and length
of mechanical ventilation (MV; invasive or not), vasoactive
drug requirement, and LAS were reported. Extra corporeal
membrane oxygenation (ECMO) was indicated for oxygen-
ation or decarboxylation.

Perioperative management and transplant procedure

Donors were matched with recipients for ABO blood group
and size and, if possible, for CMV and EBV. Donor’s age,
smoking status and PaO2/FiO2 ratio (P/F ratio) and wait-
ing place, surgical procedure (unilateral or bilateral trans-
plantation), need for graft volume reduction, pleural
adherence, ischemic time, perioperative bleeding, need for
ECMO or cardiopulmonary bypass (CPB), and immediate
postoperative extubation (according to a standardized
algorithm) were reported.

Early postoperative outcome

For this period, the following data were considered as rele-
vant: primary graft dysfunction (PGD) at 72 h (as previ-
ously defined [16]), invasive MV duration, postoperative
ECMO, need for surgical revision, bronchial ischemia,
infection during the first month, acute cellular, or humoral
rejection.

Clinical management and long-term monitoring

All patients received 500 mg bolus of methylprednisone
perioperatively alone, or in conjunction with either Thy-
moglobulin® (2.5 mg/kg/daily immediately after arrival in
the Intensive care unit and discontinued on POD 5) or Ba-
siliximab® (20 mg on day 0 and day 4) unless contraindi-
cated. Additionally, patients received maintenance
immunosuppressive therapy associated steroids, anticalci-
neurin molecules, and purine inhibitors.

Fiberoptic bronchoscopy surveillance was very strict,
with protocol transbronchial biopsy at day 7, and at month
1,2,3,4,6,9, and 12. Additional fiberoptic bronchoscopy
with biopsy was also performed for cause (pulmonary func-
tion worsening or other pulmonary complications). We
used standard criteria to classify acute rejection [17].

Pulmonary function tests were performed twice a month
until month 3, once a month until month 6, every 45 days
until month 12, and then every 3 months thereafter.
Chronic lung allograft dysfunction (CLAD) was diagnosed
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according to ISHLT Pulmonary Council guidelines [18]. In
addition, a strict surveillance of CMV and EBV was system-
atically performed using PCR.

Statistical analysis

Analyses involved use of sas jmp 8.0 software (SAS, Cary,
NC, USA). Continuous variables were expressed as
mean=standard deviation or median (interquartile, range
25-75 IQR), and qualitative variables as frequencies. Com-
parison were performed using nonparametric Mann—Whit-
ney or Wilcoxon tests for quantitative variables and chi-
square Pearson or Fisher’s exact test, as appropriate, for
qualitative variables. Survival was estimated by the Kaplan—
Meier method and the Log-rank test was used to compare
both groups. The P-value was considered statistically signif-
icant under 0.05.

Results

During the HELT era, 201 patients received lung transplan-
tation at our center, Foch Hospital. Among them, 37 were
registered on the HELT list, whereas 164 patients received a
regular inscription procedure.

Preoperative status

Overall, the primary diagnosis was mainly cystic fibrosis
(CF) (54.2%), chronic obstructive pulmonary disease
(COPD)/emphysema (22.4%), infiltrative lung disease
(ILD) (15.4%), and other (8%) (Table 2). No COPD or re-
transplantation were included in the HELT group, accord-
ing to the Agence de la Biomédecine selection criteria
(Table 1) and patients with CF represented the vast major-
ity of the HELT group. Age was significantly lower in the
HELT group (27.7 [23-35.3] vs. 40.2 [27.7-53], P < 0.05),
as well as BMI (17.8 [42-57.5] vs. 19.1 [47-65],
P = 0.0083), and creatinine levels (52 [41.2-63.5] vs. 65
[52.2-75.7], P = 0.0003). No difference between the HELT
and non-HELT groups was noted concerning pleural sur-
gery history, which is usually cause for surgical difficulties.
Respiratory status was much poorer in the HELT group,
regarding PaCO2 (75 mmHg vs. 50 mmHg, P < 0.0001),
oxygen level request (5.5 I/min vs. 2 [/min, P < 0.0001),
need for invasive MV (P < 0.0001), and waiting place.
Resorting to ECMO was necessary for eight patients in the
HELT group, whereas it was unnecessary for any patients
in the non-HELT group. Hemodynamic status was also sig-
nificantly poorer in the HELT group, illustrated by the use
of catecholamine (<1 mg/h for three patients, with a maxi-
mal dose of 2 mg/h for one of the three remaining patients)
exclusively in that group (six patients, vs. 0, P < 0.0001).
Unsurprisingly, the LAS was significantly higher in the
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Table 2. Preoperative conditions and characteristics of the patients receiving LT.

Patient characteristics HELT (n = 37) Non-HELT (n = 164) P
Age (years) 27.7 [23-35.3] 40.2 [27.7-53] 0.0002
Male, n (%) 15/37 (40.5) 84/163 (51.2) 0.24
Weight (kg) 48 [42-57.5] 52.5 [47-65] 0.0116
Size (m) 1.66[1.6-1.73] 1.65[1.6-1.72] 0.95
BMI (kg/mz) 17.8[16.2-19.5] 19.1[17.3-23.5] 0.0083
Primary diagnosis

COPD emphysema, n (%) 0 45 (27.4) 0.0011

ILD, n (%) 6(16.2) 25(15.2)

Cystic fibrosis, n (%) 30(81.1) 78 (47.5)

Other, n (%) 1(2.7) 14 (8.5)

Retransplantation, n (%) 0 2(0.12)
Waiting time on regular list (days) 6[3.5-15] 41 [17-117] <0.0001
Waiting time on the HELT list (days) 4[1-5] - -
Waiting place

Residence, n (%) 0 144 (87.8) <0.0001

Hospital, n (%) 4(10.8) 20(12.2)

ICU, n (%) 33(89.2) 0
PaCO2 (mmHg) 75 [61.5-90.5] 50 [45-60] <0.0001
MV

None, n (%) 4(10.8) 82 (50) <0.0001

NIV, n (%) 13(35.1) 74 (45.4)

Invasive, n (%) 20 (54.1) 8(4.9)
MV length (h/day) 12 [8-22] 12 [10-24] 0.23
Preoperative ECMO 8(21%) 0 <0.0001
02 flow (I/min) 5.5[2.75-8] 2[2.3] <0.0001
PAPs (mmHg) 38.5[30-45] 35.5[30-45] 0.96
Vasoactive drugs requirement, n (%) 6(16.2) 0 <0.0001
Creatinine level (umol/l) 52 [41.2-63.5] 65 [52.2-75.7] 0.0003
LAS 51.5[41.4-74.7] 36.7 [33.3-40.6] <0.0001

n (%) or med [25; 75].

COPD, Chronic obstructive pulmonary disease; ILD, Infiltrative lung disease; HELT, High emergency lung transplantation; ICU, Intensive care unit; NIV,
Noninvasive ventilation; MV, Mechanical ventilation; ECMO, Extra corporeal membrane oxygenation; PAPS, systolic pulmonary artery pressure; LAS,

Lung allocation score.

HELT group (51.5 [41.4-74.7] vs. 36.7 [33.3-40.6],
P < 0.0001). Finally, waiting time on regular LT list was
shorter for HELT patients than for non-HELT patients.

Surgical procedure and perioperative outcome

Donor age, smoking history and respiratory status (illus-
trated by P/F ratio), and serology mismatch (CMV or EBV)
were roughly similar in both groups (Table 3).

A higher proportion of bilateral lung transplantation was
reported in the HELT group (100% of total LT vs. 87% of
total LT in the standard group, P = 0.023). This is likely
due to the fact that at the beginning of the study period,
single lung transplantation was more frequent for emphy-
sema and COPD which are noninclusion criteria for HELT.

Resort to circulatory assistance during surgery (ECMO
or CPB) was significantly higher in the HELT group (75%
vs. 36.6%, P = 0.0005), and a lower rate of on-table extuba-
tion was observed (13.5% vs. 43.3%, P < 0.0001).

© 2015 Steunstichting ESOT 28 (2015) 1092-1101

No significant difference in pleural adherence during
surgery was noticed, nor in the resort to donor lung volume
reduction. Nevertheless, we observed a significantly higher
rate of perioperative bleeding (38.3 ml/kg vs. 20.5 ml/kg,
P < 0.0001) in HELT group.

Early postoperative data

No difference between groups for intensive care stay or
total length of stay (10 days vs. 15 days, P = 0.22; 28 days
vs. 37 days, P =0.15, respectively) was observed
(Table 4).

Invasive ventilation duration (including MV with intu-
bation and/or tracheotomy) was significantly longer in the
HELT group (9 days vs. 2.5 days, P = 0.0041). Addition-
ally, postoperative ECMO use was higher in the HELT
group (38.9% vs. 14.6%, P = 0.0008). Among the eight
patients receiving preoperative ECMO, five were success-
fully weaned from ECMO at the end of surgery.
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Table 3. Perioperative conditions.
HELT (n = 37) Non-HELT (n = 164) P

Donor P/F ratio 406 [346-450] 386.50[312.25-452.75] 0.2
Donor age 46 (26-54.5) 50 (39-57) 0.16
Donor smoking history 15 (40.5%) 62 (37.8%) 0.8
Bilateral transplantation, n (%) 37 (100) 143 (87.2) 0.0214
Graft volume reduction, n (%) 12 (32.4) 43(26.2) 0.44
Pleural adherences, n (%) 16 (43.2) 62 (37.8) 0.57
Maximal ischemic time* (min) 350 [300-395] 330 [285-390] 0.16
Preoperative assistance

None, n (%) 11(25) 103 (63.4) 0.0005

CPB, n (%) 5(13.9) 12(7.3)

ECMO, n (%) 21(58.3) 46 (28)

CPB then ECMO, n (%) 1(2.8) 2(1.2)
Preoperative bleeding (ml/kg) 38.3[24.3-55.7] 20.5[13.3-33.3] <0.0001
Extubation in operative room, n (%) 5(13.5) 71 (43.3) 0.0006

n (%) or med [25; 75].

CPB, Cardiopulmonary bypass; HELT, High Emergency Lung Transplantation; ECMO, Extracorporeal membrane oxygenation; P/F ratio, Ratio of partial

arterial pressure of 02 (Pa02); and Fraction of inspired 02 (FiO2).

*Defined as the time from cross-clamping of the aorta in the donor until release of the pulmonary arterial clamp in the lung transplant recipient,
excluding ex vivo rehabilitation value. Time for the second graft placement is mentioned, if bilateral LT.

Table 4. Early postoperative outcome.

HELT (n = 37) Non-HELT (n = 164) P

Length of stay in ICU (days) 15.0[5.0-30.5] 10.0[5.0-18.7] 0.22
Total length of stay (days) 37.00 [24.00-64.00] 28.50[20.25-46.70] 0.15
Invasive VM duration (days) 9[2.25-23] 2.5[0-16.7] 0.0041
Total VM duration (days) 15.5[8-28.7] 11.0[7-22.7] 0.27
Postoperative ECMO, n (%) 14 (38.9) 24 (14.6) 0.0008
Postoperative ECMO duration (days) 412.7-7.2] 5[3-7.7] 0.9
PGD Grade 3 at 72 h, n (%) 11(31.4) 28 (17) 0.06
Bacterial sepsis <30 days, n (%) 18 (50) 106 (65) 0.12
Bacterial pneumonia <30 days, n (%) 17 (77.3) 81(78.6) 1
CMV infection <30 days, n (%) 2 (40) 5(11.9) 0.15
Acute cellular rejection at 7 days n (%) 11(29.7) 50 (30.7) 1
Acute cellular rejection at M12 (mean, SD) 1.3(1.3) 1.4(1.6) 0.98
Humoral alloimmunization*

None, n (%) 18 (48.6) 67 (40.8) 0.52

Presence of DSA without AMR, n (%) 15 (40.5) 71(19.6)

AMRY, n (%) 3(8.1) 23(14)
Surgical revision, n (%) 12 (32.4) 23(14.1) 0.03
Bronchial stenosis, n (%) 4(11.4) 18(11) 1

n (%) or Med [25;75].

DSA, Donor-specific Antigen; ECMO, Extra corporeal membrane oxygenation.
*Four patients (1 in HELT group and 3 in non-HELT group) died before having DSA evaluation.
+Defined as association of DSA and allograft dysfunction and/or compatible histologic findings and/or C4d deposition.

Comparison of PGD rates (grade 3 at 72 h) did not
reach significance despite a trend for higher frequency in
the HELT group (31.4% vs. 17.0%, P = 0.06). No differ-
ence in renal failure occurrence was observed (19% vs. 20%
in non-HELT and HELT group, respectively).

No significant difference was noted for bronchial stenosis
(11.4% vs. 11.0%, P = 1). Also, no difference was observed
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in pleural complications such as pneumothorax, pleural
effusion, or empyema. Nonetheless, we reported a higher
rate of surgical resumption in the HELT group (32.4% vs.
14.1%, P = 0.03).

There was no significant difference observed between
groups regarding pneumonia incidence, nor bacterial,
viral, or mycotic systemic infection (data not shown) for
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the first thirty days following surgery and for the total
follow-up.

Relative frequencies of donor-specific antibodies (DSA)
with or without humoral rejection (as defined previously
[19]), acute cellular rejection at d7, and cumulative num-
ber of acute rejections at month 12 (1.3 & 1.3 wvs.
1.4 &+ 1.6, P=0.58) did not differ between the two
groups.

Long-term follow-up and survival

No difference in percentage of theoretical FEV1 was
shown between groups at months 3, 6, and 12 following
transplantation (respectively, in HELT and non-HELT
groups at month 3: 66% [52-77.5] vs. 64.5% [49.7-80],
P =0.95; at month 6: 71.5% [54-79.25] vs. 67% [50—
85], P = 0.83; at month 12: 74% [62-84] vs. 71% [57—
86], P =0.7). Also, early CLAD occurrence rate was not
significantly different in HELT and non-HELT groups at
12 months and at 24 months (respectively, 11.5% vs.
4.4%, P = 0.17 and 16% vs. 7%, P = 0.16, Fisher’s exact
test).

Comparison of survival curves between HELT and non-
HELT patients (log-rank test, Fig. 1) and intermediate sur-
vival rate (81% vs. 80%, 72.9% vs. 75% at 1 and 2 years,
respectively) showed no significant difference after a 2-year
follow-up. Patients with CF represent the majority of our
study population and more than 80% of the HELT patients.
As patients with CF are supposed to have better long-term
prognosis, we then analyzed the survival curves in this sub-
population (non-HELT-CF versus HELT-CF patients).
Non-HELT-CF had a significantly higher survival rate than
HELT-CF patients (90% vs. 76% at l-year post-LT,
Fig. S1).

Experience of High Emergency Lung Transplantation

Influence of HELT on waiting time and death rate on list

While the rate of lung transplant has raised inexorably, the
number of deceased patients on the waiting list has steadily
decreased over 8 years (Fig. 2). Since 2007, in the HELT
era, the death rate on the waiting list dropped dramatically
from 19% to 2%. We observed a sharp, simultaneous
reduction between pre-HELT era and the HELT era in total
time on waiting list specifically for the HELT group
(82 days vs. 6 days, P <0.0001), as well as non-HELT
group (82 days vs. 40 days, P < 0.0001) (Fig. 3). It is
worth noting that case mix of effectively transplanted
patients did not significantly change over the two periods:
Pre-HELT era (Emphysema-COPD = 15.8%; ILD =
13.8%; CF = 52.4%; Other and retransplantation = 18%)
and HELT era (P = 0.19, chi-square test). Analysis of the
HELT era before (July 2007—April 2011) and after (April
2011-May 2012) the introduction of EVLP shows a
decreased amount of time on the waiting list for non-HELT
patients after EVLP implementation (Fig. S2).

Discussion

In this 5-year experience, HELT provided similar survival
rates to standard LT despite the more severe clinical status
of the candidates on waiting list and a higher rate of peri-
operative complications. Nevertheless, after that critical
period, it appears that both groups of patients present the
same short- and long-term prognosis. Moreover, no differ-
ence was noted between both overall survival rates after a
minimum 2-year follow-up. Such results are associated
with a dramatic reduction in waiting time and mortality
rate of critical patients on the waiting list without an
increase of waiting time for non-HELT patients.

100
B,_‘:ﬁ_ 0.1289
‘_EV 80 1 "
|- |
a 604
-t
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8
o 404
@
204
0 T T T T T T T Follow up
0 920 180 270 360 450 540 630 (days)
n patient
—te HELT 34 3 31 3 K 30 28 26 23
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Figure 1 High Emergency Lung Transplantation (HELT) and non-HELT Kaplan—Meier’s survival until 2 year follow-up. HELT and non-HELT lines indi-

cate the number of subject at each time point.
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Figure 2 Total number of transplanted patients and death rate on
waiting list in the pre-High Emergency Lung Transplantation (HELT) era
and HELT era. Transplanted patients during the pre-HELT and HELT era
are 101 and 204, respectively. Deaths on waiting list during each period
are 20 and 4, respectively.

Higher perioperative morbidity

High Emergency Lung Transplantation patients clearly
have higher severity of disease before surgery and in the
early postoperative period. The success of this HELT pro-
gram is in part due to comprehensive management, includ-
ing extensive use of ECMO as a bridge to transplantation
and strict respect for absolute contraindication (such as
uncontrolled sepsis or multiple organ failure). There was a
wide range of LAS in our HELT patients; the notably lower
values could be explained by (i) exclusive pulmonary
failure without any comorbidities as seen in acute exacerba-
tions in ILD and CF or (ii) the wide use of ECMO which
improves LAS parameters and leads to an underestimation
of the severity by this score. Interestingly, others have
described the latter as a constitutive weakness of LAS and
since 2011, it has been proposed that inclusion of ECMO
during LAS calculation may be more accurate and helpful
in predicting mortality risk [11].

Similar overall survival

Most LAS prognosis studies only provide comparisons of
before and after LAS implementation, whereas in our study
we analyzed not only before after HELT implementation
but also compared HELT and non-HELT groups in the po-
stimplementation period. As such our results differ from
previous HELT evaluation studies.

At the beginning of the implementation program, the
principal criticism which has arisen with the HELT
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Figure 3 Time on waiting list between LT inscription and transplanta-
tion. Comparison of time on waiting list (median [range]) between pre-
High Emergency Lung Transplantation (HELT) era (82 [208-29]) and
HELT era, without (40 [114-16.5]) or with HELT procedure (6 [13-3.2]).

program is the poor clinical status of the eligible patients.
Thus, Boussaud et al. [14] showed that the survival rate
was significantly lower in HELT patients, which was due to
the critical conditions of the HELT population, as
explained by the authors. The higher rate of immediate
postoperative complications [14], such as dialysis request
(41% vs. 19% in our study), suggests a more severe clinical
status than our population.

According to the last report of the ABM [19] for the
2013 year, a rough comparison to national data (all centers,
including Foch) clearly shows that Foch hospital’s 1-year
survival (80% vs. 62.7% for national HELT and 81% vs.
79.3% for national non-HELT patients) and median time
on waiting list (1.3 months for Foch hospital during our
study period vs. 3.2 months) at the national level for a sim-
ilar period (2008-2013) are better than the average of the
national data supplied by all LT centers. For the period
2007-2012, ABM shows a significant difference between
HELT and non-HELT survival (Log-rank test) regardless of
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the underlying disease. Our results may differ from those of
ABM due to the fact that the HELT survival rate is higher
in the Foch cohort compared to the national data set. Of
note, ABM did not provide a detailed analysis stratified by
underlying disease in HELT versus non-HELT patient sur-
vival, specifically the effect of HELT versus non-HELT
among the CF subgroup. Therefore, we cannot compare
our non-HELT survival to the national cohort for the CF
subpopulation.

Orsini et al. [20] reported an analysis of mortality risk
factor for HELT patient from seven LT centers on a period
similar to ours, highlighting ECMO as a bridge to LT asso-
ciation with worst survival. Their 1-year survival (67.5%)
in the HELT group was similar to that of the ABM report
and therefore obviously lower than our result (80%).
Patients with CF represent 60% of the national HELT pop-
ulation compare to 81.1% in our population. This may
partly explain the discrepancy between the previously pub-
lished results of Orisini et al., the national report, and our
results. Neither the ABM report nor Orsini et al. provide
detailed analyses concerning the CF subgroup; subse-
quently, we are unable to compare our results to theirs for
this important etiological subgroup.

Another large-scale study published in 2010 demon-
strated high LAS recipients had significantly worse actuarial
survival at 90 days and 1 year compared with those whom
had lower LAS. However, when stratified by underlying dis-
ease, these findings were only statistically significant for
recipients with COPD and pulmonary fibrosis, and no sig-
nificant difference was shown at 2 and 3 years postopera-
tive [21]. Survival analysis according to LAS stratification
showed that postoperative mortality is associated with
higher LAS or LASplus (including ECMO resort rating)
[11,21]. However, regarding only the CF subpopulation,
Russo et al. did not find any difference for 1-year mortality
between high and low LAS.

Survival analysis in CF subpopulation

Our population presents distinct characteristics compared
to other studies. The proportion of CF in both groups
was greater than previously reported in LAS studies
[6,10], in accordance with the fact that Foch Hospital is a
CF reference center. Regarding survival by primary diag-
nosis in national data [22], patients with CF have a better
prognosis after LT than COPD and IPF patients (88, 48,
and 25 months median survival, respectively). This par-
ticular case mix probably contributes to improved sur-
vival in the two groups, both in non-HELT and most
particularly in our HELT group where CF represents
more than 80% of the diagnoses. Because of this reparti-
tion, the age of patients was significantly lower (27.7 vs.
40.2, P <0.05) in the HELT group, which also contrib-
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utes to better prognosis. This case mix discrepancy is a
common methodological bias found in other publications
comparing waiting patients according to their severity
[11,21].

In our study, mortality in HELT-CF patients remains
quite low (25% at month 12), similar to the top end of the
survival range reported by ISHLT [23] and lower than the
35.3% of mortality reported by Orsini et al. [20]. The sur-
vival difference between HELT and non-HELT in the CF
subpopulation may be due to the high survival rate of the
non-HELT patients treated in our center (more than 90%
at one and 2 years post-LT (Fig. S1)).

Furthermore, the survival comparison between HELT
and non-HELT is insufficient to appreciate the individual
benefit of this strategy. Without HELT, a patient fulfilling
HELT criteria would have a day 30 mortality of 90% with-
out transplantation instead of a post-transplant day 30
mortality of 25% [24]. Finally, one could consider this
increased mortality rate in HELT-CF patients as a largely
acceptable outcome attributed to the multiple benefits of
HELT.

Time and mortality on waiting list

Anticipation that the HELT graft allocation system would
have hypothetically increased the time and mortality rate
on the waiting list for non-HELT patients is contradicted
by our analysis. First, waiting time in both the non-HELT
and HELT group has decreased considerably since HELT
implementation in our center, in accordance with national
data. The shorter waiting time in the HELT era between the
inscriptions on non-HELT and HELT lists reflects an early
and appropriate management in patients with severe clini-
cal status, increased use of ECMO and less stringent graft
acceptance policy, all contributing to improved outcome in
the HELT group.

As graft collection and distribution have been amelio-
rated, new techniques like EVLP, which were developed
during the same period (April 2011-2012), also have led to
increased graft availability and total number of lung trans-
plantations. Moreover, our center probably uses wider graft
acceptance criteria than most others: the graft refusal rate is
lower in the Foch Hospital than the national rate (50.0%
vs. 77.5% in 2012, respectively [22]), also leading to
decreased waiting time on the list. As the number of trans-
plantations in the Foch Hospital and France remained sta-
ble during HELT era pre-EVLP compared to the pre-HELT
era, reduction in time on the waiting list cannot be
explained by a boom in the number of LT. Since April
2011, according to more efficient graft recruitment and
ex vivo implementation, the number of LT is growing and
may partly explain the reduction in time on the waiting list.
Lastly, with a median time of 2 days to transplantation, the
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HELT strategy limits the time for global status worsening
to occur during the preoperative period.

Amelioration in regular LT waiting time, associated with
strict HELT admission criteria, reduces inappropriate regis-
tration on the HELT list by physicians and has led to the
stability of the HELT rate, which represents annually
approximately 20% of total French lung transplants [22].

Decreased waiting time has been associated with a dra-
matic reduction in mortality rate while on the waiting list,
which has dropped from 19% to 2% in our center since
HELT implementation, while no death on the waiting list
has been registered since 2008. Similar reasons may be
involved, more specifically, the development of preopera-
tive intensive care techniques such as ECMO, which poten-
tiates surgical conditions by reducing hypercapnia and
improving tissue oxygenation, and can be used as a bridge
for lung transplant in more severe recipients. Several evalu-
ation studies have shown a benefit from ECMO in med-
ium-term survival, especially in patients with CF [25,26].
In our population, ECMO is needed as preoperative sup-
port for 24% of the HELT group, involving up to 60% dur-
ing surgery. A previous national evaluation study showed a
lower rate of 11.9% of ECMO use in the HELT population,
suggesting underutilization of the technique, and a poten-
tial for increased graft survival if used more often [26].

In the HELT era, parameters such as progressive change
in practice for inscription timing and acceptance of very
severe patients with CF (lately referred to our center) are
difficult to appreciate; our results do not provide informa-
tion concerning the bias these factors may introduce in
allograft survival analysis. Importantly, the waiting time
reduction may offer access to transplantation to some high-
severity patients who would have been contraindicated
prior to the HELT era. Also delaying inscription on the
waiting list for LT of some less severe patients may addi-
tionally explain the decreased time on the waiting list in a
pro-cyclical fashion. Those practices, which are difficult to
quantify, may have resulted in the decreased time on the
regular waiting list (before HELT inscription) and on the
total waiting time.

We are aware that success of this strategy probably relies
on other associated factors: At the individual level, respect
of contraindication and pretransplant intensive treatment
(such as ECMO) has dramatically improved survival for
the most severe patients; at the collective level, the relatively
small number of centers in France and expert evaluation
avoid transplantation of critically ill patients, thereby keep-
ing the level of HELT around 20% of total LT. In this situa-
tion and with this rate, this strategy did not negatively
impact graft accessibility for non-HELT patients. Appar-
ently less complex than LAS, based on a regression equation
analyses, the HELT allocation program leads to similar
decreases in both time on the waiting list and associated
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mortality, as well as not altering the transplant case mix at
the expense of patients with COPD. Both the USA and the
Eurotransplant group demonstrated LAS allows for a dra-
matic decrease in both time on the waiting list and mortal-
ity, while postoperative survival was similar to the pre-LAS
era [7,8,10]. Alternatively, the change in the case mix of
transplanted patients works to the detriment of COPD,
possibly driving an unjustifiable increased mortality for
these patients with end-stage disease.

Conclusion

HELT graft allocation, a prioritization system among oth-
ers, has transformed the prognosis of more severe allograft
recipients. Despite worse clinical status and perioperative
critical conditions, we have reported herein a similar sur-
vival rate as seen in conventional LT. Conditions of success
are management of the patient with appropriate supportive
care practices and strict respect of eligibility criteria. Associ-
ation between these allocation rules and the increase of
available graft numbers, provided by techniques such as
ex vivo reconditioning, is key for improving the future
management of patients with end-stage lung disease requir-
ing LT.
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