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Effect of Donor Age on Outcome of Lung 
Transplantation Stratified by Recipient Diagnosis: 
A Nordic Multicenter Study
Henrik Auråen, MD,1,2 Michael Thomas Durheim, MD,1 Göran Dellgren, MD, PhD,3 Pekka Hämmäinen, MD, PhD,4  
Hillevi Larsson, MD,5 Odd Geiran, MD, PhD,2,6 Hans Henrik Lawaetz Schultz, MD, PhD,7 Inga Leuckfeld, MD, PhD,1  
Martin Iversen, MD, PhD,7 Arnt Fiane, MD, PhD,2,6 and Are Martin Holm, MD, PhD1,2

One of the principal challenges in lung transplantation 
(LTx) is the scarcity of available donor organs.1 A way 

to overcome this challenge is to accept organs from older 
donors. According to the traditional ideal lung donor crite-
ria, lung donors should be younger than 55 years.2 Still, most 
transplant centers use donors well above this limit as several 
studies have indicated that organs from older donors may 
be used without adverse consequences in lung recipients.3-5

However, some studies that investigate the impact of 
using older lung donors are limited by heterogeneous 
study populations, including both single LTxs (SLTx) and 
bilateral LTxs (BLTx) and also primary transplantations 
and retransplantations (ReTx). Also, only very few stud-
ies have investigated the effect of donor age stratified by 
recipient diagnosis group. Furthermore, the observations 
reported may often be influenced by a selection bias, as 
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Background. Organs from older donors are increasingly used in lung transplantation, and studies have demonstrated 
that this could be safe in selected recipients. However, which recipient groups that have the largest benefit of older organs 
are unclear. This multicenter study reviews all bilateral lung transplantations (BLTx) from donors 55 years or older stratified 
by recipient diagnosis and compares outcomes with transplantations from younger donors. Methods. All BLTx recipients 
(excluding retransplantation) at 5 Scandiatransplant centers between 2000 and 2013 were included (n = 913). Recipients 
were stratified to diagnosis groups including cystic fibrosis (CF), chronic obstructive pulmonary disease (COPD), interstitial 
lung disease (ILD), and “other.” Intensive care unit (ICU) length of stay (LOS) and survival were assessed. Results. Overall, 
there was no difference in survival among patients transplanted from donors 55 years or older compared with younger 
donors. However, in CF recipients, donor age 55 years or older was associated with inferior survival (P = 0.014), and this 
remained significant in a multivariate model (hazard ratio, 5.0; 95% confidence interval, 1.8–14.1; P = 0.002). There was 
no significant effect of donor age on survival in recipients with COPD, ILD, or in the “other” group in multivariate models. 
Utilization of older donors was associated with increased ICU LOS for recipients with CF and ILD, but not in the COPD or 
“other” group. Conclusions. The BLTx recipients with CF had inferior survival and longer ICU LOS when receiving organs 
from donors 55 years or older. Recipients with COPD, ILD, or in the “other” group did not have inferior survival in multivariate 
models.
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lungs from older donors are often avoided in younger 
recipients. For instance, several studies include none or 
few recipients with cystic fibrosis (CF) who have received 
lungs from older donors.6,7 Thus, it is unclear whether 
such findings can be generalized to all lung recipients, and 
the question of which lung recipients are best suited for 
such organs needs further clarification.

Recently, there have been some studies addressing 
this question. One study including 23704 LTx recipients 
showed that younger recipients receiving lungs from older 
donors had inferior survival.6 Also, it has been shown that 
organs from older donors yield inferior survival in recipi-
ents with pulmonary hypertension and prolonged cardiac 
bypass time.7 These important findings indicate that older 
donors are acceptable in some recipient groups, but may 
be less suitable in others.

This multicenter study aims to assess the consequence of 
using organs from donors older than recommended by the 
ideal donor criteria (≥55 y) in BLTx for different recipient 
diagnoses. As patients with different forms of end-stage 
lung disease differ in terms of age, comorbidity, respira-
tory tract microbiome, and other factors, it is possible that 
donor age is relevant for some groups and irrelevant for 
others. If differences between groups are identified, alloca-
tion may be optimized to ensure maximum overall recipi-
ent survival.

MATERIALS AND METHODS

Study Design
All patients undergoing LTx from traditional heart-beat-

ing donors in Denmark (Copenhagen), Finland (Helsinki), 
Norway (Oslo), and Sweden (Gothenburg and Lund) 
in the period 2000 to 2013 were included in the study. 
To minimize confounding of survival, ReTx, multiorgan 
transplantations, and SLTx were excluded. Recipients were 
stratified to the following diagnosis groups: CF, chronic 
obstructive pulmonary disease (COPD), interstitial lung 
disease (ILD), and “other.” Patients with lymphangioleio-
myomatosis (LAM) were stratified to the “other” group 
as these patients were considered clinically different from 
other types of ILD. The primary end-point of the study was 
recipient posttransplant survival. In addition, short-term 
complications were assessed by intensive care unit (ICU) 
length of stay (LOS) after transplantation.

Donor and Recipient Data
Donor and recipient characteristics were collected from 

the Scandiatransplant Registry and local registries. Donor 
parameters included age, sex, body mass index (BMI), 
cause of death, last arterial partial pressure of oxygen 
(PaO2) divided by fraction of inspired oxygen (FiO2), and 
predicted total lung capacity (pTLC) calculated by donor 
height, sex, age,8 and donor smoking status. Donor smok-
ing status was dichotomized to any history of regular 
smoking versus no history of regular smoking. Recipient 
parameters included age, gender, and BMI. Furthermore, 
percent of predicted forced expiratory volume in 1 sec-
ond (FEV1%) and 6-minute walk test (6MWT) at last 
follow-up were assessed. Also, the use of extracorporeal 
membrane oxygenation (ECMO) or mechanical venti-
lation (MV) as bridge to LTx and urgent listing status 

was considered. Urgent listing was introduced in the 
Scandiatransplant countries in 2009 and gives recipient 
considered as urgent priority when an organ becomes 
available in the Scandiatransplant region.9

Statistical Analysis
Normally distributed continuous data were presented 

as mean and standard deviation (SD) and compared using 
Student t test. Continuous data with other distributions 
were presented as median and interquartile range (IQR) 
and compared using the nonparametric Mann-Whitney U 
test. Spearman correlations were used to assess correlation 
between continuous variables. Categorical variables were 
presented as counts and percentages, and compared using 
Fisher exact test.

Certain variables had missing data that appeared ran-
domly distributed among the subjects. Primarily, this was 
evident for donor smoking status where 37.7% of the 
data were unavailable. Subjects with missing data were 
excluded from multivariate models.

Recipient survival was initially assessed using Kaplan-
Meier plots and the log rank test. To estimate the direct 
effect of using donors above the recommended age crite-
ria (≥55 y), a directed acyclic graph10 was used to build 
a multivariate Cox-regression model with relevant covari-
ates. The relevant covariates were found to be recipient 
age, recipient urgency, cold ischemia time, donor smoking 
status, and donor cause of death. Recipient life support 
(ECMO or MV) and/or Scandiatransplant urgent listing 
and recipient BMI were used as surrogates for recipient 
urgency. A previous multicenter study has shown that cold 
ischemia time has a cubic relationship with recipient sur-
vival, and that 330 minutes is a meaningful cutoff value.11 
Cold ischemia time was therefore recoded as a dichoto-
mous variable using this cutoff value. As 37.7% of donor 
smoking data were unavailable, models were built with 
and without this variable. The Cox proportional hazard 
assumption was assessed using Schoenfeld residuals. For 
all analyses, P values less than 0.05 were considered statis-
tically significant.

STATA version 15 for Mac (StataCorp LP, College 
Station, TX) was used for all statistical analyses and 
GraphPad Prism version 6 (GraphPad Software Inc., La 
Jolla, CA) was used for all graphs except Figure 1.

Ethical Considerations
The study used anonymized data from registries author-

ized by the regional ethics committees for the respective 
transplant centers.

RESULTS
In total, 1489 patients underwent primary LTx in the 

period 2000 to 2013 at the 5 Scandiatransplant centers 
that perform lung transplantations. SLTx (n = 475), ReTx 
(n = 50), multiorgan transplantations (n = 44), and patients 
with completely missing data sets (n = 7) were excluded. 
The patients that were retransplanted had a median age of 
44 years (IQR, 29–52) and 11 (22%) received organs from 
donors ≥55 y. Furthermore, 14 (28%) had CF (1 organ 
from donors ≥55 y), 8 (16%) had COPD (3 organs from 
donors ≥55 y), 15 (30%) had ILD (4 organs from donors 
≥55 y), and 13 (26%) had other diagnoses (2 organs from 
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donors ≥55 years). Thus, as stated above, to minimize con-
founding factors, the ReTx patients were excluded from 
further analyses. In total, 913 BLTx recipients remained in 
the study population (Figure 1).

Donor Characteristics
Median donor age in the older donor group (donors, 

≥55 y) was 60 years (IQR, 57–64) and 41 years (IQR, 26–48) 
in the younger donor group. Donor age distributions strati-
fied by recipient diagnosis are shown in Figure 2. Further 
donor characteristics stratified by recipient diagnosis and 
donor age group are summarized in Table 1. Notably, the 
utilization of older donor lungs was significantly different 
between the recipient diagnosis groups (CF, 19%; COPD, 
32%; ILD, 30%; “other,” 25%; P = 0.009). In recipients 
with CF, COPD, and ILD older donors had a higher BMI. 
Furthermore, in recipients with COPD and ILD, older donors 
were more commonly females. Stroke was more common as 
cause of death for older donors in all diagnosis groups. In 
recipients with ILD, older donors had lower pTLC. Notably, 
there were no significant differences in cigarette smoking his-
tory or donor oxygenation between the 2 donor age groups.

Recipient Characteristics
Recipient characteristics stratified by recipient diagnosis 

and donor age group are summarized in Table 2. In total, 
18.1% of the recipients had CF, 40.4% had COPD, 25.4% 
had ILD, and 16.1% had other diagnoses. The largest diag-
nosis groups in the “other” group were primary pulmonary 

arterial hypertension (31.3%), non-CF bronchiectasis 
(16.3%), LAM (9.5%), and graft-versus-host disease after 
bone marrow transplantation (5.4%). Notably, recipients 
with COPD, ILD, or in the “other” group receiving organs 
from donors 55 years or older were significantly older 
than recipients receiving younger organs, whereas no such 
difference was seen in recipients with CF. Moreover, in 
recipients with CF and COPD, those receiving organs from 
older donors had higher BMI than those who received 
organs from younger donors. Patients with COPD receiv-
ing older organs had lower 6MWT compared with those 
receiving younger organs. For all other recipients, however, 
there were no significant differences in 6MWT or FEV1% 
between the 2 donor age groups. Notably, patients with 
CF and ILD receiving older organs were more commonly 
on ECMO or MV intended as bridge to transplantation 
compared with those receiving younger organs. The CF 
patients receiving older organs were also more commonly 
listed as urgent in the Scandiatransplant international 
organ exchange system.

Recipient and Donor Age Matching
For the overall population, recipient and donor age 

were significantly correlated (ρ = 0.276; P < 0.001). This 
was also evident in the COPD (ρ = 0.188; P < 0.001), ILD 
(ρ = 0.238; P < 0.001), and other diagnoses (ρ = 0.390;  
P < 0.001) subgroups. However, there was no significant 
correlation between donor and recipient age in the CF sub-
group (ρ = 0.059; P = 0.451).

FIGURE 1.  Flowchart illustrating the exclusions in this study. 
HLTx, heart-lung transplantation; LTx, lung transplantation; ReTx, 
retransplantation; SLTx, single lung transplantation.

FIGURE 2.  Donor and recipient age distributions for the diagnosis 
groups. CF, cyctic fibrosis; COPD, chronic obstructive pulmonary 
disease; ILD, interstitial lung disease.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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ICU LOS
Median initial ICU LOS after LTx was 3 days (IQR, 

2–7.5) and ranged 0 to 97 days. Furthermore, ICU LOS 
was significantly higher in recipients receiving donor lungs 
aged 55 years or older (median, 4 vs 3; IQR, 2–10 vs 2–7;  
P = 0.018) and also correlated significantly if donor age was 
analyzed as a continuous variable (ρ = 0.069; P = 0.047). In 
contrast, there was no difference in ICU LOS for recipients 
aged 55 years or older compared with younger recipients 
(median, 3.5 vs 3; IQR, 2–7 vs 2–8; P = 0.835), and no sig-
nificant correlation between ICU LOS and recipient age as a 
continuous variable (ρ = −0.009; P = 0.802).

In recipients with CF, the utilization of donors 55 years 
or older was associated with longer ICU LOS (Table 2). 
Notably, the ICU LOS was not significantly correlated with 
recipient age (ρ = 0.057; P = 0.480). Also, in recipients with 
ILD the utilization of donors ≥55 years was associated with 
longer ICU LOS (Table 2), and although the correlation 
coefficient for recipient age and ICU LOS was higher than 
in the CF group, it did not reach significance (ρ = 0.128;  
P = 0.061). There were no significant differences in ICU 
LOS between recipients receiving organs ≥55 years and 
younger organs for the COPD or the “other” subgroups 
(Table 2).

Survival
In the overall study population, 90-day, 1-year, and 

5-year survival were 94.7%, 86.5%, and 67.6%, respec-
tively. There were no significant differences in 90-day sur-
vival (P = 0.139), 1-year survival (P = 0.451), or overall 
survival (P = 0.278) when comparing the utilization of 
donors 55 years or older with younger donors (Figure 3). 
In multivariate models (as described in methods), the uti-
lization of donors 55 years or older was not associated 
with survival when donor smoking was excluded (hazard 
ratio [HR], 1.0; 95% confidence interval [CI] 0.8–1.4;  
P = 0.851) or included (HR, 1.0; 95% CI, 0.7–1.4; P = 0.981).

Recipients with CF receiving organs from donors ≥55 
years did not have significant inferior 90-day survival 
but had inferior 1-year, and overall survival (P = 0.014) 
compared to those receiving organs from younger donors 
(Table 2 and Figure 4). When adjusting for other covari-
ates (both when excluding and including smoking), donors 
aged 55 years or older remained significantly negatively 
associated with survival (Table 3).

TABLE 1.

Donor characteristics

 Donor age  

Variablesa <55 y ≥55 y P
CF    
n 134 31  
Age, y 38 (21–47) 59 (57–61) <0.001*
Males 43.3% 35.5% 0.545
BMI, kg/m2 22.9 (21.2–25.7) 24.6 (23.1–26.4) 0.013*
P

a
O

2
/FiO

2
 ratio, kPa 47.9 (17.7) 42.5 (12.1) 0.189

pTLC, L 5.7 (5.1–6.9) 5.3 (4.8–6.9) 0.197
History of regular 

cigarette smoking
  0.431

  Yes 23.1% 16.1%  
  Unknown 26.1% 19.3%  
Cause of death   0.034*
  Stroke 63.4% 83.9%  
  Other 36.6% 16.1%  
Ischemia time, h 6.0 (2.3) 5.3 (2.0) 0.230
COPD    
n 250 119  
Age, y 42 (27–49) 61 (58–64) <0.001*
Males 56.6% 42.9% 0.014*
BMI, kg/m2 23.9 (21.6–25.7) 24.5 (23.1–26.2) 0.002*
P

a
O

2
/F

I
O

2
 ratio, kPa 48.4 (18.2) 46.2 (19.9) 0.389

pTLC, L 6.7 (5.2–7.4) 5.5 (5.1–7.3) 0.117
History of regular 

cigarette smoking
  0.581

  Yes 24.8% 29.4%  
  Unknown 39.6% 39.4%  
Cause of death   <0.001*
  Stroke 59.6% 89.1%  
  Other 40.4% 10.9%  
Ischemia time, h 4.2 (1.6) 4.6 (2.2) 0.064
ILD    
n 163 69  
Age, y 42 (27–49) 60 (57–64) <0.001*
Males 44.8% 29.0% 0.028*
BMI, kg/m2 23.9 (21.6–25.9) 24.7 (23.1–26.1) 0.026*
P

a
O

2
/FiO

2
 ratio, kPa 47.6 (19.5) 44.3 (18.3) 0.385

pTLC 5.6 (5.1–7.3) 5.2 (5.1–6.5) 0.009*
History of regular 

cigarette smoking
  0.101

  Yes 25.9% 20.2%  
  Unknown 36.8% 52.1%  
Cause of death   <0.001*
  Stroke 60.7% 88.4%  
  Other 39.3% 11.6%  
Ischemia time 4.9 (1.9) 5.6 (3.0) 0.092
“Other”    
n 110 37  
Age, y 40 (24–48) 60 (57–66) <0.001*
Males 41.8% 37.8% 0.703
BMI, kg/m2 23.4 (20.8–26.0) 23.5 (22.0–25.5) 0.313
P

a
O

2
/FiO

2
 ratio, kPa 50.3 (26.7) 49.6 (11.5) 0.898

pTLC, L 5.4 (5.1–7.1) 5.3 (5.1–6.9) 0.588

History of regular 
cigarette smoking

  0.622

  Yes 15.5% 16.2%  
  Unknown 40% 48.6%  
Cause of death   0.047*
  Stroke 59.1% 78.4%  
  Other 40.9% 21.6%  
Ischemia time, h 5.0 (1.9) 5.1 (2.0) 0.848
a Continuous variables presented as mean (standard deviation) or median (interquartile range). 
Dichotomous variables presented as percentage.
BMI, body mass index; COPD, chronic obstructive pulmonary disease, FiO2, fraction of inspired oxygen; 
ILD, interstitial lung disease; PaO2, partial pressure of oxygen; pTLC, predicted total lung capacity.

TABLE 1. (Continued)

 Donor age  

Continued
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In contrast, recipients with COPD receiving organs from 
donors 55 years or older had no significant differences in 

90-day survival, 1-year survival or overall survival (P = 0.399)  
compared to those receiving organs from younger donors 
(Table 2 and Figure 4). When adjusting for other covari-
ates, there was no significant association between donor 
age of 55 years or older and recipient survival in any of the 
2 models (Table 3).

Recipients with ILD receiving organs from donors 55 years 
or older had significantly inferior 90-day survival, 1-year sur-
vival, and overall survival (P = 0.038) compared with those 
receiving organs from younger donors (Table 2 and Figure 4). 
However, when adjusting for other covariates, the association 
between donors aged 55 years or older and survival was no 
longer significant in any of the 2 models (Table 3).

Finally, recipients in the “other” diagnoses group receiv-
ing organs from donors 55 years or older had no significant 
differences in 90-day survival, 1-year survival, or overall sur-
vival compared with those receiving organs from younger 
donors (P = 0.363) (Table  2 and Figure  4). When adjust-
ing for other covariates, there was no significant association 
between donor aged 55 years or older and survival (Table 3).

DISCUSSION
This multicenter study adds important insights to 

our understanding of the outcomes of LTx from older 
donors. Although donor age did not appear to be associ-
ated with overall recipient survival in the entire cohort, 
the association between donor age and survival differed 
significantly by recipient diagnosis. Specifically, the use 
of organs from donors 55 years or older was associated 
with inferior survival in recipients with CF. Also, recipi-
ents with CF receiving organs from donors 55 years or 
older had longer ICU LOS. In univariate analyses, recipi-
ents with ILD also had inferior survival when receiving 
organs from donors 55 years or older, but this associa-
tion was not present when adjusting for recipient age and 
other covariates. Notably, there was a strong correlation 
between donor and recipient age in patients with ILD, 
and thus it is possible that the increased mortality seen 
in the group receiving older organs is due to recipient age 
and not donor age. Similarly, it is possible that the longer 
ICU LOS in this group reflects a higher risk of short-term 
complications associated with recipient age. To investi-
gate this further, a larger ILD study population would 
be required. There were no significant differences in 
mortality or ICU LOS between patients receiving organs 

TABLE 2.

Recipient characteristics

 Donor age  

Variablesa <55 y ≥55 y P
CF    
n 134 31  
Age, y 30 (24–37) 33 (23–43) 0.123
Males 48.5% 45.2% 0.843
BMI, kg/m2 17.9 (16.5–19.7) 19.0 (17.1–21.5) 0.046*
FEV

1
, % of predicted 25 (21–32) 23 (20–30) 0.466

6MWT, m 442 (338–519) 435 (331–520) 0.549
ECMO/MV bridge 8.1% 31% 0.003*
Listed as urgentb 5.2% 26% 0.006*
ICU stay, d 3 (2–6) 5 (3–19) 0.034*
90-d survival 96.2% 87.1% 0.065
1-y survival 91.0% 71.0% 0.006*
COPD    
n 250 119  
Age, y 56 (51–60) 58 (54–61) 0.007*
Males 48.0% 45.4% 0.657
BMI, kg/m2 21.1 (19.0–23.5) 22.1 (19.6–25.1) 0.009*
FEV

1
, % of predicted 20 (17–25) 22 (18–28) 0.063

6MWT, m 270 (195–330) 240 (152–315) 0.022*
ECMO/MV bridge 2.8% 5.9% 0.156
Listed as urgenta 0.4% 0.8% 0.542
ICU stay, d 3 (2–5) 3 (2–5) 0.102
90-d survival 96.0% 96.6% 0.999
1-y survival 86.0% 89.9% 0.321
ILD    
n 163 69  
Age, y 53 (45–59) 56 (50–61) 0.024*
Males 69.3% 62.3% 0.359
BMI, kg/m2 24.7 (22.1–27.8) 25.3 (22.0–29.0) 0.346
FEV

1
, % of predicted 43 (34–58) 50 (40–58) 0.152

6MWT, m 308 (165–431) 305 (130–420) 0.986
ECMO/MV bridge 6.9% 24.6% 0.001*
Listed as urgenta 7.9% 13.0% 0.230
ICU stay, d 5 (2–10) 6.5 (3–26.5) 0.018*
90-d survival 96.9% 88.4% 0.023*
1-y survival 89.0% 78.3% 0.040*
“Other”    
n 110 37  
Age, y 42 (29–52) 52 (42–59) 0.001*
Males 31.8% 29.7% 0.999
BMI, kg/m2 21.3 (19.4–24.6) 21.4 (20.2–25.4) 0.243
FEV

1
, % of predicted 30 (19–68) 59 (22–76) 0.057

6MWT, m 282 (184–375) 315 (220–364) 0.552
ECMO/MV bridge 10% 13.9% 0.554
Listed as urgentb 6.3% 5.4% 0.999
ICU stay, d 5 (3–17) 4.5 (3–20) 0.806
90-d survival 90.9% 94.6% 0.731
1-y survival 81.8% 94.6% 0.066
a  Continuous variables presented as median (interquartile range). Dichotomous variables pre-
sented as percentage.
b Listed as urgent in Scandiatransplant international organ exchange (from May 1, 2009).
6MWT, 6-minute walk test; BMI, body mass index; CF, cystic fibrosis; COPD, chronic obstructive 
pulmonary disease; ECMO/MV, extracorporeal membrane oxygenation/mechanical ventilation; 
FEV

1
, forced expiratory volume in 1 second; ICU, intensive care unit; ILD, interstitial lung disease.

FIGURE 3.  Recipient survival after primary BLTx (excluding ReTx) 
stratified by donor age above or below the ideal donor criteria. 
BLTx, bilateral lung transplantation; ReTx, retransplantation.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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from donors 55 years or older and those receiving organs 
from younger donors in the COPD and “other” group. 
Notably, the 3 most prevalent diagnoses in the “other” 

group were pulmonary hypertension, bronchiectasis, and 
LAM. However, a larger study population is required to 
analyze these groups individually.

FIGURE 4.  Recipient survival after primary BLTx (excluding ReTx) stratified by donor age above or below the ideal donor criteria for 
recipients with CF, COPD, ILD, and other diagnoses. BLTx, bilateral lung transplantation; CF, cystic fibrosis; COPD, chronic obstructive 
pulmonary disease; ILD, interstitial lung disease; ReTx, retransplantation.

TABLE 3.

Multivariate models

 CF COPD ILD “Other”

 HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Excluding donor smoking 
status

        

Donor age ≥55 y 4.0 (1.7–9.2) 0.001* 0.8 (0.5–1.2) 0.332 1.3 (0.7–2.5) 0.348 0.5 (0.2–1.3) 0.160
Donor cause of deatha 1.1 (0.5–2.2) 0.790 1.0 (0.7–1.4) 0.939 1.5 (0.8–2.8) 0.231 2.8 (1.1–7.1) 0.027*
Rec ageb, y 1.7 (1.2–2.6) 0.008* 1.5 (1.1–2.1) 0.009* 1.0 (0.8–1.3) 0.884 1.5 (1.1–2.0) 0.024*
Rec BMI, kg/m2 0.9 (0.7–1.0) 0.086 1.0 (0.9–1.1) 0.878 1.0 (0.9–1.1) 0.442 1.0 (0.9–1.1) 0.638
Ischemia>330 min 2.7 (1.3–5.6) 0.009* 1.1 (0.7–1.8) 0.563 1.2 (0.7–2.0) 0.554 0.8 (0.3–1.8) 0.573
LS/urgent statusc 0.6 (0.2–1.6) 0.325 1.0 (0.3–2.7) 0.924 0.7 (0.3–1.6) 0.388 0.7 (0.2–3.0) 0.618
Including donor smoking 

status
        

Donor age ≥55 y 5.0 (1.8–14.1) 0.002* 0.9 (0.6–1.5) 0.760 0.7 (0.3–1.9) 0.520 0.7 (0.2–2.0) 0.479
Donor cause of deatha 1.1 (0.5–2.6) 0.772 1.0 (0.6–1.6) 0.908 1.8 (0.8–4.3) 0.184 2.4 (0.7–7.6) 0.147
Donor smoking 3.6 (1.4–9.0) 0.006* 0.7 (0.5–1.2) 0.186 1.4 (0.7–2.7) 0.366 1.5 (0.6–3.8) 0.418
Rec ageb 1.6 (1.0–2.6) 0.034* 1.4 (1.0–2.1) 0.066 1.2 (0.8–1.8) 0.320 1.2 (0.8–1.8) 0.302
Rec BMI, kg/m2 0.8 (0.7–1.0) 0.096 1.0 (0.9–1.1) 0.585 1.0 (0.9–1.1) 0.967 1.0 (0.9–1.1) 0.926
Ischemia >330 min 4.1 (1.5–11.4) 0.006* 1.3 (0.7–2.4) 0.335 1.4 (0.6–3.1) 0.466 0.9 (0.3–2.7) 0.879
LS/urgent statusc 1.0 (0.3–3.3) 0.936 0.5 (0.1–3.5) 0.450 0.7 (0.2–3.3) 0.661 0.3 (0.1–2.3) 0.237

Cox regression models including covariates as described in methods.
a Donor cause of death shows stroke vs all other diagnoses.
b Hazard ratio given for every 10-y increase in recipient age.
c Recipient on pre-Tx life support or given urgent status in the Scandiatransplant Urgent Lung Allocation System.
BMI, body mass index; CF, cystic fibrosis; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; ILD, interstitial lung disease.
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Even though there are no official protocols for age 
matching or reserving organs from extended or older 
donors for older patients in our centers, we found a signifi-
cant correlation between donor and recipient age among 
the COPD, ILD, and “other” groups. This could reflect a 
sentiment among transplant physicians that organs from 
older donors should be allocated to older recipients. It 
is also possible that older donors more frequently have 
other reasons to be considered “extended” and thus not 
offered to younger patients. Notably, however, there was 
no correlation between donor and recipient age in the CF 
group. It is conceivable that this may be because the CF 
population is generally younger, and that it is difficult to 
allocate age-matched organs to these patients, especially 
if urgency increases. Supporting this hypothesis, we did 
find that there was a significantly higher proportion of 
CF patients that was on ECMO or MV as bridge to TX, 
or listed as urgent in the Scandiatransplant International 
Organ Exchange System. Surprisingly, however, ECMO 
or MV was not associated with inferior survival among 
patients with CF. Thus, it is not likely that urgent status of 
the recipient may alone explain the reduced survival seen 
in CF patients who receive organs from a donor older than 
55 years in our study.

Several studies about donor age and recipient outcome 
have been published previously with conflicting results. 
Some studies have demonstrated similar survival in recip-
ients receiving organs from donors 50 years or older or 
donors 55 years or older compared with recipients receiv-
ing organs from younger donors.3-5,12 In 2013, Bittle et al13 
reviewed 10 666 recipients in the UNOS registry from 2000 
to 2010 and found similar survival in recipients receiving 
organs from donors aged 55 to 64 years, but inferior sur-
vival when using donors older than 65 years. However, a 
later study by Sommer et al14 demonstrated no difference 
in recipient survival when using donors >70 years. On the 
other hand, a recent study including 11 835 recipients in 
the UNOS registry from 2005 to 2013 found significantly 
inferior survival in recipients receiving organs from donors 
older than 50 years compared with recipients receiving 
organs from younger donors.15 Finally, other studies have 
found that older donors yield inferior outcome in younger 
recipients or in recipients with pulmonary hypertension or 
prolonged cardiopulmonary bypass time.6,7

Our findings are in line with those studies demonstrat-
ing similar survival in recipient populations including all 
diagnoses when comparing the utilization of donors 55 
years or older to younger donors. We could not find other 
studies examining the consequence of using older donors 
in specific recipient diagnosis groups. Notably, recipients 
with CF receiving older organs are often largely underrep-
resented in such studies, probably because of the general 
tendency to allocate older organs to older recipients.

The reason why older donors yield inferior results in 
recipients with CF and not other diagnoses is not obvi-
ous. It is plausible that donor-recipient age-mismatch plays 
a larger role in recipients with CF as they generally are 
younger and have fewer comorbidities, so survival to a 
higher degree is determined by the vitality of the lung graft 
and not other causes of death. Another explanation could 
be that old lungs have increased susceptibility for the bac-
terial colonization of the upper airways seen in recipients 
with CF.16 Unfortunately, the data available to this study 

do not give further clues as to why CF patients seem to 
be the only group where donor age affects posttransplant 
survival.

This study has several limitations. First, it is a retro-
spective study with potential unmeasured confounders. 
In particular, it is difficult to quantify recipient urgency, 
and it is plausible that our analysis did not capture all 
aspects of urgency with the surrogate variables that were 
available. Second, data were not available for relevant 
end-points such as primary graft dysfunction, time on 
ventilator, acute rejection, and spirometry measurements. 
Also, although ICU LOS was available, the availability of 
various forms of step-down units and other local tradi-
tions may make the ICU LOS an end-point that is hard to 
generalize. However, we believe it is still a valid end-point 
in this study, as it does indicate significant differences in 
the early posttransplant status among the groups com-
pared in this multicenter study. Furthermore, some vari-
ables had missing data, and some subjects were therefore 
excluded from the analyses. Third, generalizability could 
be limited as relatively few recipients were older than 65 
years, and few were on life support with MV or ECMO 
at the time of transplant. Finally, whether a donor age of 
55 years is the optimal cutoff value for recipients with CF 
was not tested in this study and needs to be explored in 
studies with larger study populations. The main strengths 
of this study are the multicenter design and relatively high 
number of included recipients with CF receiving lungs 
from older donors.

In conclusion, our results indicate that the ideal donor 
age criterion of 55 years should be taken into account 
when considering a potential donor for a patient with CF. 
However, the risk of using an older donor must be care-
fully weighed against the risk of remaining on the wait-
ing list. Furthermore, our findings should be confirmed in 
other studies with larger datasets. For recipients with other 
diagnoses, our findings support that lungs from donors 
aged 55 years or older can be safely used for LTx.
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