
Lungs From Donors ≥70Years of Age
for Transplantation—Do Long-Term
Outcomes Justify Their Use?
Wiebke Sommer1,2†, Maximilian Franz3†, Khalil Aburahma3, Akylbek Saipbaev3,
Katharina Flöthmann3, Pavel Yablonski3, Murat Avsar3, Igor Tudorache4, Mark Greer5,
Axel Haverich3,2, Tobias Welte5,2, Christian Kuehn3, Jawad Salman3, Gregor Warnecke1,2‡

and Fabio Ius3,2*‡

1Department of Cardiac Surgery, University of Heidelberg, Heidelberg, Germany, 2German Center for Lung Research, Deutsches
Zentrum Lungenforschung (DZL), BREATH, Hannover, Germany, 3Department of Cardiothoracic, Vascular and Transplantation
Surgery, Hannover Medical School, Hannover, Germany, 4Department of Cardiac Surgery, University of Duesseldorf,
Duesseldorf, Germany, 5Department of Pulmonology, Hannover Medical School, Hannover, Germany

Donor shortages have led transplant centers to extend their criteria for lung donors.
Accepting lung donors ≥70 years of age has previously shown good short-term outcomes;
however, no mid- and long-term outcome data on these extended criteria donors has
been published to date. In this study, all patients who underwent lung transplantation
between 06/2010 and 12/2019 were included in the analysis, and the outcomes were
compared between patients receiving organs from donors <70 years of age and patients
transplanted with lungs from donors ≥70 years of age. Among the 1,168 lung-transplanted
patients, 62 patients received lungs from donors ≥70 years of age. The recipient age of
those receiving older organs was significantly higher, and they were more likely to suffer
from obstructive lung disease. Older donors were exposed to significantly shorter periods
of mechanical ventilation prior to donation, had higher Horowitz indices, and were less
likely to have smoked. The postoperative time on mechanical ventilation, time on ICU, and
total hospital stay were comparable. The overall survival as well as CLAD-free survival
showed no differences between both groups in the follow-up period. Utilization of lungs
from donors ≥70 years of age leads to excellent mid- and long-term results that are similar
to organs from younger donors when the organs from older donors are carefully
preselected.
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GRAPHICAL ABSTRACT |

INTRODUCTION

Given the known global shortage of ideal suitable donor organs
for lung transplantation, obtaining more organs from the existing
donor pool has been one tool used to optimize patient care in
end-stage lung disease. As a result, utilization of non-ideal donor
lungs from “extended-criteria” donors has become clinical
routine in large lung transplant programs (1–4).

The lung donor age has steadily increased in Europe over the
past number of years, with a reported median donor age of
51 years in 2018. In contrast, the median lung donor age in North
America remains much lower at approximately 33 years for the
past decade (5). Given these substantial geographic differences,
countries with older organ donors are confronted with extended
criteria organ offers on a daily basis in order to provide optimized
patient care.

The impact of donor age on lung transplant outcomes and the
clinical feasibility have been reviewed by multiple transplant
centers in the past, with conflicting conclusions. More recent
analyses have shown that an advanced donor age of >55 years
does not appear to have a negative impact on recipient survival,
especially in older recipients (6–9), whereas earlier analyses
tended to show survival disadvantages in candidates receiving
lungs from older donors (10, 11).

We have previously described outcomes using donor lungs
from donors ≥70 years, finding no early survival disadvantage for
up to 3 years after transplantation (7). Spirometry results in this
early analysis indicated better results for recipients with an

obstructive underlying disease pattern prior to transplantation,
as compared to restrictive pulmonary disease.

However, longer-term follow-up of these “extended-criteria”
donor organs has not yet been reported. The aim of this study is,
therefore, to summarize the long-term follow-up of recipients of
donor lungs from donors aged 70 and older in comparison to
recipients of donor organs from donors younger than 70 years of age.

PATIENTS AND METHODS

Patient Groups
All patients who underwent lung transplantation between 06/
2010 and 12/2019 at Hannover Medical School were included in
the retrospective analysis. Lung recipients were divided in two
groups: patients transplanted with lungs from donors <70 years
and patients transplanted with lungs from donors ≥70 years.
Outcome parameters, including pre-, peri-, and postoperative
clinical parameters, as well as recipient overall survival and
freedom from chronic lung allograft dysfunction (CLAD) were
recorded and compared between the two groups.

All patients provided written informed consent for data
utilization for scientific purposes at the time of listing for
transplantation.

Variable Definition
The primary composite outcome, graft survival, was defined as
patient and graft survival and included patient mortality and the
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need for retransplantation. Primary graft dysfunction (PGD) was
defined according to current International Society for Heart Lung
Transplantation (ISHLT) guidelines (12).

Graft function was evaluated at regular outpatient visits and
included surveillance biopsies as well as home spirometry testing.
Predicted FEV1 was calculated for each recipient utilizing the
formula FEV1 = race*((0.0395*height)−(0.025*age)−2.6). Since
all recipients are Caucasian in the analyzed cohorts, ‘race’ was
substituted by “1” in the formula. The measured FEV1 was then
expressed as the %predicted FEV1.

CLAD was defined following current ISHLT guidelines as a
persistent decline of FEV1 ≥20% from baseline in the absence of
other conditions causing pulmonary impairment (13).

Donor Management
All donor organs were offered to our center by Eurotransplant.
Within the regular LAS-based allocation process, organs were
allocated for a specifc recipient, whereas organs in the rescue
allocation process were accepted by the center and the recipient
was chosen by the transplant center. Organ assessment and
preservation were the same for lungs of donors <70 and of
donors ≥70 years of age. Following endobronchial as well as
macroscopic assessment of the donor lung during
procurement, the donor organ was accepted by a surgical team
from our center. Organs with irreversible macroscopic signs of
parenchymal alterations such as emphysema were not accepted.

Recipient Management
Recipient management at our institution has been previously
reported and did not differ between groups (14). All recipient
characteristics were recorded as previously reported and
spirometry results were included after discharge following the
initial hospital stay, 1 year after transplantation, and during the
last follow-up visit at the outpatient clinic. Calculation of
recipient-specific %predicted FEV1 was performed as
previously reported (7). The clinical routine in our program
includes, if hemodynamically necessary, intraoperative
extracorporeal support using veno-arterial extracorporeal
membrane oxygenation (ECMO) instead of conventional
cardiopulmonary bypass (CPB). CPB is only used if additional
cardiac surgery is performed, which is technically not feasible
with ECMO (e.g., atrial septal defect closure). It should be noted
that, as per our centre’s protocol, recipients with an underlying
diagnosis of primary pulmonary hypertension received
postoperative prolonged veno-arterial ECMO treatment for left
ventricular remodeling as a planned treatment strategy (15).

Statistics
Retrospective analysis of all parameters was performed using
GraphPad Prism, Version 8.0 (San Diego, Ca, USA). Multivariate
analysis was performed using SPSS 28.0.1.1 (IBM, Armonk, NY,
USA).Variables are summarized as percentages, mean ± standard
deviation (SD), or median (interquartile range, IQR). A
Mann–Whitney U test was performed to test differences
between continuous variables. Outcome-free survivals were
calculated using the Kaplan-Meier method and were compared

by using a log-rank test. p values < 0.05 were considered
statistically significant.

RESULTS

Patient Groups
A total of 1,168 patients underwent lung transplantation at
Hannover Medical School between 06/2010 and 12/2019, of
which 62 (5.3%) recipients received allografts from
donors ≥70 years of age and the remaining 1,106 (94.7%)
patients allografts from donors <70 years of age. The median
follow-up was 8.9 years.

Recipient Characteristics
Patients who received lungs from donors ≥70 years of age were
significantly older compared to recipients of organs from
donors <70 years of age (median (IQR) 57 (54; 62) vs. 51
(36; 58) years of age; p < 0.0001). The body mass index of
recipients who received organs from older donors was slightly
higher than recipients of organs from younger donors
(Table 1).

The distribution of transplant indications differed significantly
between both groups. Organs from older donors were more likely
to be offered to candidates suffering from chronic obstructive
pulmonary disease (COPD) (40.3% vs. 27.6%, p = 0.04). In
contrast, candidates with cystic fibrosis were more often
transplanted with organs from younger donors (20.9% vs.
4.8%; p = 0.003). Lung retransplantation for CLAD was
performed solely with organs from donors aged <70 years (p =
0.05) (Table 1).

The median lung allocation score (LAS; p = 0.18) and time on
the waiting list (p = 0.56) showed no significant difference
between groups.

Regarding the preoperative risk profile, no differences in the
need for preoperative mechanical ventilation (3.2% vs. 3.3%; p <
0.99), preoperative ICU treatment (8.1% vs. 10.2%; p = 0.67), or
preoperative ECMO (6.6% vs. 8.1%; p = 0.79) were observed
(Table 1).

Donor Characteristics
The median donor age in the ≥70 years of age group was 73 years
of age (71; 75) vs. 47 years of age (34; 56) in the <70 years of age
group, with a similar gender distribution between both groups
(p = 0.19). Older donors had significantly shorter exposure to
mechanical ventilation prior to procurement (3 (2; 4) vs. 4 (2; 7)
days; p = 0.0007) but showed a higher Eurotransplant donor score
compared to younger organ donors (8.7 ± 1.1 vs. 7.9 ± 1.6; p <
0.0001) (16). The oxygenation capacity (PaO2 at 100% FiO2,
mmHg) of donors aged ≥70 years was higher compared to
donors <70 years of age (412.5 (356; −469.5) vs. 384.0 (316;
−448); p = 0.01). Additionally, older donors were less likely to
have a smoking history compared to younger organ donors
(12.9% vs. 42.1%; p < 0.0001). No organ donors
aged ≥70 years of age showed signs of pulmonary contusion or
aspiration (Table 2).
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Intraoperative Characteristics
The majority of lung transplantations were performed as bilateral
minimally-invasive surgeries, with no differences between groups.
The need for extracorporeal support did not differ between groups
(32.2% vs. 26.6% p = 0.38). Notably, the majority of patients
requiring extracorporeal support intraoperatively were put on
veno-arterial ECMO. Cardiopulmonary bypass was only used in
a minority of cases, in which additional cardiac surgery was
performed (2.1% vs. 1.6%; p = 0.80). The cold ischemic times of
the first (p = 0.29) and second implanted lung (p = 0.91) did not
differ between groups (Table 3).

Postoperative Characteristics
The rates of postoperative ECMO were similar in both cohorts
(9.7% vs. 9.4%; p = 0.94). The majority of these ECMO treatments
resulted from our centre’s protocol for postoperative remodeling
of the left ventricle in patients with severe pulmonary arterial
hypertension (6.5% vs. 7.6%; p = 0.81) (15).

The primary graft dysfunction (PGD) score grade 3 at 24 h
(p = 0.99), 48 h (p = 0.60) and 72 h (p = 0.94) after transplantation
did not differ between groups.

Postoperative characteristics, including mechanical ventilation
(p = 0.68), intensive care stay (p = 0.65), and total hospital stay
times (p = 0.58), did not differ between groups (Table 3).

Survival
No differences in overall survival were observed between cohorts
(p = 0.71) (Figure 1A), as measured at 1, 3, and 5 years (p = 0.21;
p = 0.28; and p = 0.34) (Table 3). Patients who received lungs
from donors aged ≥70 years showed no survival difference with
respect to their underlying disease as compared to recipients of
organs from younger donors in the same disease cohort
(Figures 1B, C).

Chronic Lung Allograft Dysfunction
The incidence of CLAD did not differ between groups
(Figure 2A). CLAD-free survival in recipients of organs

from donors ≥70 years of age as compared to recipients
of organs from donors <70 years after 3 and 5 years were
85.5% vs. 79.7% and 78.5% vs. 68.1%, respectively.
Stratification of graft survival in patients transplanted
for COPD and pulmonary fibrosis according to donor
ages of <70 or >70 years did not differ between groups
(Figures 2B, C).

Postoperative Spirometry Results
FEV1 (%predicted) did not differ between groups at discharge
(63.2% (52.2; 78.4) vs. 66.4% (55; 80.5); p = 0.29) (Figure 3A).
One year after lung transplantation, recipients of organs from
donors <70 years of age showed a significantly higher FEV1
(%predicted) as compared to recipients of lungs from donors
aged ≥70 years (76.8% (63; 93.2) vs. 86.0% (70; 104); p = 0.03).
This significant difference between both cohorts diminished
in the following years after lung transplantation, showing
similar %predicted FEV1 values at the last outpatient
follow-up visit (70.5% (53; 87.3) vs. 73.3% (50; 94); p =
0.43) (Figure 3A). Stratification of FEV1 in patients with
COPD and pulmonary fibrosis according to donor ages
of <70 or ≥70 years did not show any difference between
groups (Figures 3B, C).

Donor Age Is Not a Risk Factor for Mortality
or CLAD Development
In multivariable Cox regression analysis, which included multiple
recipient- and donor-specific variables as well as procedure
intraoperative variables (Table 4), donor age was not a risk
factor for recipient mortality (p = 0.50) or the development of
CLAD (p = 0.67) (Table 5).

Risk factors associated with recipient mortality included
recipient age (p = 0.008), intraoperative utilization of ECMO
(p < 0.001), and ischemic time of the first lung (p = 0.006). A
donor history of smoking was identified as a risk factor for the
diagnosis of CLAD (p = 0.001) (Table 5).

TABLE 1 | Recipient preoperative characteristics.

Donor <70 years of age (n = 1,106) Donor ≥70 years of age (n = 62) p-value

Age (median; IQR) 51 (36; 58) 57 (54; 62) <0.0001
Female (%) 48.2 53.2 0.51
BMI (mean ± SD) 22.1 ± 4.3 23.1 ± 3.6 0.04
Underlying Disease (n; %)
Emphysema 305; 27.6 25; 40.3 0.04
Fibrosis 350; 31.6 25; 40.3 0.16
Cystic fibrosis 231; 20.9 3; 4.8 0.003
Primary pulmonary hypertension 68; 6.1 3; 4.8 0.79
Re-transplant for CLAD 74; 6.7 - 0.05
Sarcoidosis 37; 3.3 4; 6.5 0.27
Other 41; 3.7 2; 3.2 0.84

Lung allocation score (median; IQR) 36 (33; 42.5) 34.9 (32.5; 39.3) 0.18
Time on waiting list (days) (mean ± SD) 220.2 ± 454.7 175.4 ± 296.1 0.56
Pulmonary artery pressure (mean ± SD) 27.3 ± 14.2 27.6 ± 12.8 0.42
Preop mechanical ventilation (n; %) 36; 3.3 2; 3.2 >0.99
Preop intensive care unit (n; %) 113; 10.2 5; 8.1 0.67
Preop ECMO (n; %) 5; 8.1 73; 6.6 0.79

BMI, body mass index; CLAD, chronic lung allograft dysfunction; ECMO, extracorporeal membrane oxygenation.
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DISCUSSION

Over the past two decades, discordance between the consistently
high number of candidates awaiting lung transplantation and the
number of available donor organs has led experienced transplant
centers toward accepting “extended-criteria” donor organs in order
to reduce waiting list mortality (3, 4). Questions remain however,
regarding the limits of acceptability, as to what degree “extended-
criteria” donor lungs can be used for transplantation without
compromising recipient outcomes. Retrospective analyses have
already demonstrated no adverse outcomes when using donor
lungs with acute pulmonary embolism (17, 18) impaired
oxygenation (19, 20), or contusion (21). Regarding donor age,
multiple analyses have shown good results for lungs from
donors >55 years of age (22, 23) however, the upper donor age
limit in lung transplantation remains under discussion.

As per our program policy, donor offers are not declined solely
because of advanced donor age, but such offers were targeted

toward older recipients where possible in the allocation process.
Organs from older donors, with additional risk factors such as a
relevant history of smoking, severe infiltrates, contusion, or
parenchymal alterations, were usually rejected outright upon
offer or by an experienced surgeon at procurement. Since the
majority of lungs from donors aged ≥70 years were accepted in
the rescue allocation process, recipient selection for these organs
was performed by our transplant center. Careful recipient
selection was also undertaken with regards to anticipated
intra- and postoperative risks and retransplantation as well as
younger candidates were excluded. Through this combination of
donor and recipient selection, utilization of organs from donors
aged ≥70 years has facilitated meaningful mid- and long-term
outcomes that were comparable to those seen in recipients of
organs from younger donors. Both cohorts demonstrated
statistically insignificant 1-, 3-, and 5-year survival differences,
with recipients of organs from donors aged <70 years showing
non-inferior survival rates (1-year: 95.1% vs. 90.2%; 3-year: 86.4%

TABLE 2 | Donor characteristics.

Donor <70 years of age (n = 1,106) Donor ≥70 years of age (n = 62) p-value

Age (years) (median; IQR) 47 (34; 56) 73 (71; 75) <0.0001
Female (n; %) 559; 50.5 37; 59.7 0.19
BMI (mean ± SD) 25.7 ± 5.0 26.2 ± 2.9 0.10
Time on mechanical ventilation (days) (median; IQR) 4 (2; 7) 3 (2; 4) 0.0007
ET donor score (mean ± SD) 7.9 ± 1.6 8.7 ± 1.1 <0.0001
PaO2 (FiO2 1.0) (median; IQR) 384.0 (316; 448) 412.5 (356; 469.5) 0.01
History of smoking (n; %) 465; 42.1 8; 12.9 <0.0001
Contusion (n; %) 106; 9.6 - 0.009
Aspiration (n; %) 70; 6.3 - 0.04
Use of ex vivo lung perfusion (n; %) 65; 5.9 4; 6.5 0.85

BMI, body mass index; ET donor score: Eurotransplant donor score.

TABLE 3 | Recipient intra- and postoperative characteristics.

Donor <70 years of age (n = 1,106) Donor ≥70 years of age (n = 62) p-value

Minimally-invasive (n; %) 1,034; 93.5 56; 90.3 0.43
Bilateral lung transplantation (n; %) 1,075; 97.2 61; 98.4 0.72
Intraoperative use of cardiopulmonary bypass (n; %) 23; 2.1 1; 1.6 0.80
Intraoperative use of ECMO (n; %) 294; 26.6 20; 32.3 0.38
Ischemic time; first side (min) (mean ± SD) 414 ± 122.1 396.3 ± 122.9 0.29
Ischemic time; second side (min) (mean ± SD) 527.9 ± 129.5 526.6 ± 135.7 0.91
ECMO postoperative (n; %) 104; 9.4 6; 9.7 0.94
ECMO postoperative per protocola (n; %) 84; 7.6 4; 6.5 0.81
PGD score @24h (mean ± SD) 0.51 ± 0.91 0.53 ± 0.95 0.99
PGD score @48h (mean ± SD) 0.51 ± 0.90 0.55 ± 0.92 0.60
PGD score @72h (mean ± SD) 0.46 ± 0.85 0.50 ± 0.94 0.94
PGD 2 or 3 @72h (n; %) 146; 13.2 9; 14.5 0.84
Postoperative new dialysis (n; %) 99; 8.9 5; 8.1 0.83
Dialysis at discharge (n; %) 56; 5.1 2; 3.2 0.58
Mechanical ventilation postop (days) (median; IQR) 1 (1; 1) 1 (1; 1) 0.68
ICU stay (days) (median; IQR) 2 (1; 5) 2 (1; 4.5) 0.65
Total hospital stay (days) (median; IQR) 23 (21; 31) 23 (21; 32.5) 0.58
1-year survival (%) 90.2 95.1 0.21
3-year survival (%) 80.9 86.4 0.28
5-year survival (%) 73.2 77.8 0.34

aCentre’s protocol for postoperative ECMO in pulmonary arterial hypertension.
ECMO, extracorporeal membrane oxygenation; PGD, primary graft dysfunction; ISHLT PGD score; ICU, intensive care unit.
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FIGURE 1 | Survival after lung transplantation. Kaplan-Meier analyses. (A) Overall survival between recipients who received organs from donors aged ≥70 years
and recipients of organs from donors aged <70 years, showing no significant difference (p = 0.70) up to 10 years after lung transplantation. (B) Stratification of
posttransplant survival in patients with COPD as transplant indication differentiating according to donors aged ≥70 and <70 years. No significant difference in survival up
to 10 years after transplantation was detectable (p = 0.40). (C) Stratification of posttransplant survival in patients with idiopathic pulmonary fibrosis according to
donors aged ≥70 or <70 years. No survival difference up to 10 years after transplantation was noticeable (p = 0.57).

FIGURE 2 | CLAD-free survival after lung transplantation. Kaplan-Meier analyses. (A)Overall CLAD-free survival following lung transplantation utilizing organs from
donors aged ≥70 years or >70 years, showing no difference between both groups (p = 0.76) within the first 10 years after transplantation. (B): Stratification of CLAD-free
survival in patients with COPD who received a lung transplantation from donors either ≥70 or <70 years of age. Donor age had no impact on the development of CLAD
(p = 0.78). (C) Stratification of CLAD-free survival in patients with idiopathic pulmonary fibrosis who underwent lung transplantation with organs from donors
aged ≥70 or <70 years of age. The incidence of CLAD was similar in both groups (p = 0.56).
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vs. 80.9%; 5-year: 77.8% vs. 73.1%), which for all time points lie
above ISHLT reported averages (24).

These findings are in contrast to existing analyses of the UNOS
database, which identified a 2.14 fold increased risk in 1-year
mortality in recipients of lungs from donors aged ≥65 years (25).
This report however, did not include information on “recipient-
related” risks that may have contributed to impaired early
survival. We would argue that this again underlines the
importance of cautious recipient selection for lungs from older
donors. Another important aspect in managing all forms of
“extended-criteria” donor organs may well be center volume
and the inherent level of experience with marginal donor
organs as well as recipient matching. Registry analyses usually
comprise both entities and do not differentiate results between
large- and low-volume centers. Given the previously reported
negative impact of low center volume on lung transplant
outcome, these results may well be further aggravated in the
field of “extended-criteria” donor organs (26, 27).

The physiological differences in the characteristics of
advanced age lungs that may influence outcomes, either
negatively or indeed positively after transplantation, remain
unknown. By selecting organs with no or little smoking history
and with careful visual inspection of parenchymal alterations

such as bullae or rarefication, moderate or severe age-related
obstructive pulmonary disease may be excluded. Temporary
disconnection of the ventilator when inspecting the organ in
the donor should be advocated, to assess the capacity of the
organ to collapse as an important indicator of possible airway
obstruction. Similarly, an elevated precapillary pulmonary
artery pressure can be quickly excluded invasively within
the procurement setting. Applying these measures routinely
during the acceptance process of lungs from older donors
may assist in achieving similar functional outcomes, with
both cohorts showing comparable spirometry results
during long-term follow-up. It should be noted that we
previously found lower spirometry results in the first
postoperative year in patients with pulmonary fibrosis
who received organs from donors ≥70 years of age as
compared to recipients with an obstructive underlying
pulmonary disease pattern (7). This finding was not
detectable in longer follow-up data in this larger cohort,
showing comparable %predicted FEV1 courses in the
individual disease cohorts. Most likely, increased patient
numbers led to these results.

Although of critical importance, graft function is however
only one consideration. Concerns continue to be expressed

FIGURE 3 | Spirometry results for recipients after lung transplantation. Values are shown as mean ± standard deviation of the %predicted FEV1 at teh time of
discharge from initial hospital stay (1st value), at 1 year after transplantation (2nd value), and at last follow-up in the outpatient clinic (3rd value). (A) Comparison of
recipients of organs from donors aged ≥70 years with outcomes of patients who received lungs from donors aged <70 years. No functional spirometry difference was
found at the time of discharge from the hospital (p = 0.29), but recipients of organs from donors <70 years of age showed a statistically significant better%predicted
FEV1 at 1 year following transplantation (p = 0.03). This difference was no longer detectable at last follow-up after a median of 4.5 years (<70 years of age cohort) and
5.1 years (≥70 years of age cohort) (p = 0.43). (B) Sub-analysis of patients with the underlying disease COPD. No functional differences in spirometry results was
detectable throughout the entire follow-up period when comparing donors aged ≥70 years and <70 years of age. (C): Sub-analysis of patients with idiopathic pulmonary
fibrosis undergoing lung transplantation with organs from donors aged ≥70 or <70 years of age. No difference in spirometry results was detectable within the first 5 years
after transplantation for both cohorts.
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regarding the utilization of advanced age donor lungs and the
potentially higher risk of transferring malignant tumors to
recipients. While understandable, little corroborating data
supporting this argument exists. The underlying concerns

are not entirely organ-specific, and would be considered
similarly legitimate in abdominal organ transplantation,
where older donors have been used regularly for decades.
Despite this, donor-derived malignant tumor transmission
remains an extremely rare event in solid organ
transplantation (28–30). Age does appear to increase risk,
and, as a consequence, additional measures such as routine
computer tomography imaging of potential donors ≥65 years
of age prior to organ donation may attenuate the risk of
utilizing organs with cancer suspicious structures.

Regarding candidate considerations, lung transplantation
in selected older recipients have been performed in high
volume transplant centers with acceptable outcomes.
However, most received lungs from donors aged <40 years
(31). Analogous to the Eurotransplant senior program for
kidney transplantation established in 1999 (32), an ‘advanced
age’ focused donor-recipient matching program for lung
transplantation could potentially assist in providing
adequate patient outcomes whilst fully utilizing the
existing donor pool. Given that donor lung utilization in
donors aged ≥65 years remains <3% in the United States and
low within Eurotransplant associated countries (33), such a
program may benefit older patients with obstructive
pulmonary disease pattern, who usually have minimal
perioperative risk factors but also low lung allocation
scores and limited probability of receiving a timely
transplantation in the regular allocation process.
Moreover, senior recipients show no survival impairment
when receiving lungs from donors aged ≥60, making this
approach clinically relevant (34, 35). This finding is in line
with our findings, which show that donor age is not a risk
factor for recipient mortality or the development of CLAD.
This is especially important, since enrolment in such age-
restricted programs requires informed consent of the
candidate.

LIMITATIONS

The dataset comprises the known limitations of a single-center
retrospective analysis. The overall number of analyzed
transplantations using donors aged ≥70 years remains low as
compared to larger registry analyses; however, in contrast to
those, more detailed follow-up information, including spirometry
results as well CLAD incidence, were available.

CONCLUSION

In conclusion, the utilization of lungs from donors ≥70 years of
age presents a feasible option, especially for advanced age
recipients, facilitating comparable early-, mid-, and long-term
outcomes regarding survival, CLAD development, and
spirometry as compared to transplantations utilizing organs
from donors younger than 70 years of age. These results can
be achieved by carefully selecting both suitable donors as well as
recipients.

TABLE 4 | Variables included in multivariable Cox Regression Analysis.

Variables

Donor age ≥70 years

Recipient data

Age
Female sex
BMI recipient
Emphysema
Fibrosis
Cystic fibrosis
Primary pulmonary hypertension
Re-transplant for CLAD
Sarcoidosis
Other
Lung allocation sore
Time on waiting list
Pulmonary artery pressure
Preoperative mechanical ventilation
Preoperative Intensive Care Unit
Preoperative ECMO

Donor data

Female sex
BMI
Time on mechanical ventilation
PaO2 (FiO2 = 1.0)
History of smoking
Contusion
Aspiration

Intraoperative data

Minimal invasive access
Cardiopulmonary bypass
ECMO
Ischemic time first side
Ischemic time second side

CLAD, chronic lung allograft dysfunction; ECMO, extracorporeal membrane
oxygenation; FiO2, Fraction of inspired oxygen; BMI, body-mass index.

TABLE 5 | Multivariable cox regression analysis.

Variable Multivariable

Mortality (n = 341) HR 95% CI p-value

Donor age ≥70 years 0.826 0.475–1.438 0.50
Recipient age 1.014 1.004–1.025 0.008
Intraoperative ECMO 1.706 1.286–2.264 <0.001
First lung ischemic time 1.002 1.000–1.003 0.006
CLAD Incidence (n = 352)
Donor age ≥70 years 1.130 0.65–1.964 0.67
History of smoking 1.527 1.180–1.977 0.001

ECMO, extracorporeal membrane oxygenation; CLAD, chronic lung allograft
dysfunction; CI, confidence interval; HR, hazard ratio.
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