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ABSTRACT

Background. The lack of lung transplant donors has necessitated the use of donors with a
smoking history and donors of older age. We have evaluated the effects of donor smoking
history and age on recipient morbidity and mortality with baseline values of pulmonary
function and survival free of chronic lung allograft dysfunction (CLAD) as morbidity variables.
Methods. This is a retrospective analysis of 588 consecutive lung transplant recipients
and their corresponding 454 donors. Donors were divided into three groups: group 1
included smokers, group 2 nonsmokers, and group 3 had unknown smoking status; these
were further divided into three age groups: group A: 0 to 39 years; group B: 40 to 54 years;
and group C: �55 years.
Results. One hundred fifty-one donors were former or actual smokers, 175 were
nonsmokers, and 128 had unknown smoking histories. Baseline forced expiratory volume in
1 second, forced vital capacity, and diffusion capacity of carbon monoxide were lowest in the
groups who received lungs from a smoking donor. CLAD-free survival was identical in all
smoking groups, and overall survival was better both for lungs from nonsmoking donors and
donors with unknown smoking status compared to lungs from smoking donors. One
hundred sixty-nine donors were in age group A, 203 in B, and 82 in C. Baseline forced
expiratory volume in 1 second, forced vital capacity, and diffusion capacity of carbon
monoxide were lowest in the groups who received lungs from donors older than 55 years.
Overall survival as well as CLAD-free survival was significantly lower with donors �55 years.
Conclusions. Donor smoking history and older donor age impact lung function, mor-
tality, and CLAD-free survival after transplantation. Because of a shortage of organs,
extended donor criteria may be considered while taking waiting list mortality into account.

ORGAN shortage remains amajor challenge in solid organ
transplantation, and the use of extended criteria donors

has increased [1]. The selectionof donorswith a smoking history
and older donors has been considered in lung transplantation.
In the selection of donors with smoking history, the use of do-
nors with a smoking history above 20 pack-years is not advised
[2]. The correlation between donor smoking history and lung
function after transplantation has recently been described when
using donors >70 years [3], suggesting that the use of older
nonsmoking donors can be acceptable. In contrast, the effects of

smoking on lung function over time after lung transplantation
are not well described. In a nontransplanted cohort of patients,
the smoking- and age-related decline in lung function in healthy
individuals has been known in detail for many years [4]. In lung
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transplantation, most studies are registry studies, and very few
including long-term longitudinal follow-up in lung functionhave
been published. Conflicting evidence exists regarding the use of
donorswith a smoking historywith some studies showing similar
survival [5e7], whereas others showworse survival [8,9], and still
others have shown impaired short-term, but similar long-term
outcomes [10].
Donor lung scoring systems have been introduced, but the

use of these scoring systems has not been adapted world-
wide, leaving the decision-making process up to the trans-
plantation surgeon when offered an organ [5].
Current guidelines for selection of donors for lung trans-

plantation suggest that the upper limit for lung donors should
be 55 years of age [2]. Within the last years, the International
Society for Heart and Lung Transplantation (ISHLT) registry
has shown an increased use of donors in age groups from 50 to
59 years, 60 to 65 years, and those older than 65 years.
Actually, the median age of donors in the ISHLT registry has
increased from 30 years in 1997 to 39 years in 2011 [1]. A
review of the United Network of Organ Sharing database

showed similar intermediate-term survival in donor age groups
from 18 to 34 years, 35 to 54 years, and 55 to 64 years, whereas
patients receiving lungs from donors �65 years had lower in-
termediate survival rates [11].
There was no increased risk of bronchiolitis obliterans

syndrome within each age group; however, no long-term
analyses are available. Other studies have not been able to
show donor age effect on overall survival rates [12e14].
Likewise, the role of older donors in relation to morbidity,
such as the development of bronchiolitis obliterans and the
impact of highest obtained baseline value of forced expira-
tory volume in 1 second (FEV1) and forced vital capacity
(FVC) and diffusion capacity, is not previously described.
The aims of this study were: 1) to investigate the impact

of donor smoking history and age on baseline FEV1 and
FVC, diffusion capacity, and residual volume divided by
total lung capacity ratio; 2) to analyze the impact of donor
smoking history on chronic lung allograft dysfunction
(CLAD) e free and overall long-term survival; and 3) donor
age on CLAD-free survival and overall long-term survival.

Table 1. Demographics and Characteristics of Lung Donors Divided by Smoking History

Unknown Smoking
History (n ¼ 128)

Nonsmokers
(n ¼ 175)

Actual or Former
Smokers (n ¼ 151) P Value

Age, yrs 37.37 � 12.53 43.08 � 15.17 44.77 � 10.24 .000*
Male, n (%) 62 (49) 92 (53) 66 (44) .279†

Height, m 1.74 � 0.09 1.74 � 0.09 1.73 � 0.09 .472*
Weight, kg 71.57 � 11.20 74.11 � 14.74 71.89 � 11.11 .108*
Cause of death, n (%) .008†

Trauma 39 (30.5) 39 (22.1) 22 (14.5)
Cerebral hemorrhage 80 (62.5) 116 (67.1) 119 (79.2)
Other 9 (7.0) 20 (10.8) 10 (6.3)

Temperature, �C 36.73 � 1.25 36.35 � 1.23 36.81 � 1.25 .217*
Pulse, BPM 101 � 21 99 � 22 100 � 22 .625*
Systolic blood pressure, mm Hg 12 � 27 118 � 22 119 � 20 .638*
Diastolic blood pressure, mm Hg 71 � 15 67 � 15 69 � 13 .145*
Fraction of inspired O2 (%) 36 � 9 35 � 6 36 � 5 .118*
Partial pressure of O2 in arterial blood (KPa) 17.9 � 4.1 17.1 � 3.5 18.6 � 7.5 .702*
Bilirubin (mmol/L) 14.64 � 13.55 14.8 � 11.5 11.7 � 7.8 .006*
Alkaline phosphatase (U/L) 114.8 � 65.7 103.5 � 62.9 106.85 � 63.7 .345*
Estimated donor TLC, l 6.31 � 1.12 6.33 � 1.16 6.19 � 1.12 .408*

Data are presented as number of donors (percent of total number of donors) according to age group in parentheses; or as mean � standard deviation.
Abbreviation: TLC, total lung capacity.
*Continuous variable were compared using Kruskal-Wallis.
†Nominal variables were compared using the c2 test.

Table 2. Impact of Donor Smoking

Baseline Values Non-Smoker Unknown Smoking Status Smoker or Former Smoker P Value

FEV1 (L)
Sltx 1.58 (�0.32) 1.69 (�0.29) 1.49 (�.33) .036
Dltx 2.72 (�0.37) 2.94 (�0.35) 2.44 (�0.37) .011

FVC (L)
Sltx 2.32 (�0.30) 2.46 (�027) 2.190 (�0.43) .022
Dltx 3.37 (�0.35) 3.53 (�0.35) 3.06 (�0.32) .040

DLCO (mmol/min/kPa)
Sltx 4.98 (�0.40) 5.31 (�0.36) 4.30 (�.43) .003
Dltx 6.01 (�0.32) 5.93 (�0.34) 5.17 (�0.36) .020

RV/TLC ratio 0.43 (�0.33)
(n ¼ 82)

0.43 (�0.37)
(n ¼ 62)

0.472 (�0.29)
(n ¼ 59)

.016
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