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Abstract
In 2010, 1770 lung transplant procedures were performed in the USA, yet 2469 new candidates
were added to the waiting list the same year. The shortage of suitable donor lungs requires that
transplant professionals select patients for lung transplantation only if they are likely to sustain a
survival benefit from the procedure. However, 20% of lung transplant recipients die within the
first year of transplantation, suggesting that we are failing to identify those at high risk for severe
early complications. In this perspective, we review the current guidelines for the selection of lung
transplant candidates, which are based largely on expert opinion and small case series. We also
propose the study of new extrapulmonary factors, such as frailty and sarcopenia, that might help
improve the prediction of complications and early death after lung transplantation, leading to an
improved candidate selection process.
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Following the first successful lung transplantation in 1983 [1], the 1-year survival rate after
lung transplantation was approximately 45% [2]. Over the past 30 years, advances in donor
and recipient selection, surgical technique and the medical management of recipients have
contributed to improved outcomes. 1-year survival rates now exceed 80% worldwide [3].
Despite these strides forward, the small number of available donor lungs and suboptimal
long-term outcomes limit lung transplantation to a highly select group of candidates who
have far-advanced disease, yet still have an acceptable long-term survival rate with
transplantation. The science of identifying candidates likely to sustain a survival benefit
from lung transplantation is only in its infancy. This perspective will discuss the current
state of lung transplant recipient selection and provide an innovative approach that may,
ultimately, improve our ability to select appropriate candidates for lung transplantation.
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General indications for lung transplantation
In 2006, the International Society for Heart and Lung Transplantation (ISHLT) updated its
guidelines for the selection of candidates for lung transplantation [4]. In general, lung
transplantation candidates should have a chronic, progressive lung disease, such as chronic
obstructive pulmonary disease (COPD), interstitial lung disease (ILD) or cystic fibrosis
(CF). Table 1 shows the frequency of the diagnoses of all recipients of lung transplantation
in 2010 in the USA [3]. Disease-specific guidelines are reviewed later in this article.

Box 1 lists the absolute and relative contraindications for lung transplantation. There is
widespread agreement that those with recent malignancy, life-threatening extrapulmonary
disease and social or psychiatric factors that could impact on the outcome should not
undergo lung transplantation. On the other hand, there is considerable variation in center-
specific practices with regard to the relative contraindications listed in Box 1. In our
experience, transplant recipients increasingly meet one or more relative contraindications at
the time of transplantation.

Current system of organ allocation in the USA
The current priority-based organ allocation system in the USA allocates deceased donor
lungs to candidates on the waiting list based on both the predicted risk of dying whilst on the
waiting list and on the predicted survival benefit of lung transplantation. Priority is given to
waiting list candidates who have a higher predicted waiting list mortality rate and a greater
predicted survival benefit from transplantation. These predicted individual risks are
estimated from prediction models for 1-year survival, with and without transplantation. The
predictors in these models are listed in Box 2. Output from the prediction models are
combined and normalized to yield a single value – the Lung Allocation Score (LAS) –
which ranges from 0 to 100, with higher values connoting higher priority for transplantation.
The details of the LAS system have been previously described [5].

Waiting time and waiting list mortality rates have dramatically decreased since
implementation of the LAS in 2005 [6], suggesting that the LAS system has achieved its
goal of reducing the number of deaths among lung transplant candidates [5]. However, the
LAS system has not addressed the practice of allocating deceased donor lungs locally before
offering the organs regionally and nationally, probably creating geographic disparities in
access to lung transplantation. There appears to be little justification for these geographic
restrictions other than concern about prolonged ischemic times. Future studies should focus
on defining these disparities and evaluating the effect of a national waiting list. Furthermore,
an unintended consequence of the LAS system is the prioritization of lung transplant
candidates who have higher risks of death after lung transplantation [7–10]. This observation
highlights the need for new predictors of poor early post-transplant outcomes that can help
to identify candidates whose risk of death after lung transplantation is unacceptably high.
Discriminating risk prediction models and high-quality decision-analysis tools could
improve overall outcomes and help to avoid futile transplantation. Two characteristics, age
and body composition, stand out as potentially important determinants of outcome that are
of great interest to patients, community physicians and transplant professionals, and are
discussed in greater depth below.

Age
Early guidelines for the selection of lung transplant candidates suggested that age limits of
65 and 60 years for candidates for single and bilateral lung transplants, respectively, be
imposed based on poor post-transplant survival in older patients [11]. Nevertheless, the
fraction of lung transplant procedures performed for adults 65 years and older has risen
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markedly in the USA from 7% of all lung transplant procedures in 2004 to 25% in 2010
(Figure 1) [4].

The published experiences with older lung transplant candidates is contradictory. Some
published reports suggest that older lung transplant candidates may have similar survival to
younger recipients [12–14]. However, reports using ISHLT and United Network for Organ
Sharing registry data demonstrate greater 1- and 5-year risks of death in recipients older than
65 years, particularly in those 70 years and older [3,15], supporting the current selection
guidelines statement that:

“Although there cannot be endorsement of an upper age limit as an absolute
contraindication (recognizing that advancing age alone in an otherwise acceptable
candidate with few comorbidities does not necessarily compromise successful
transplant outcomes), the presence of several relative contraindications can
combine to increase the risks of transplantation above a safe threshold.”

– Orens et al. [4].

The basis for the observed association between older age and shorter survival time after lung
transplantation has been attributed to an age-related increase in comorbidities [4]. However,
the Toronto group showed that the excess mortality among lung transplant recipients over
the age of 60 years exceeds that attributable to age alone [16], suggesting that the effect of
age on survival time is modified – in this case magnified – by lung transplantation. Frailty,
or age-related susceptibility to stressors, is a biological syndrome that has not yet been
adequately investigated in the field of lung transplantation.

Frailty
Frailty is a clinical syndrome characterized by decreased reserve across multiple physiologic
systems, and is associated with short- and long-term morbidity and mortality in older adults
[17,18]. In 2001, Fried et al. formally defined frailty as the presence of three or more of the
following: unintentional weight loss, self-reported exhaustion, weakness (low grip strength),
slow walking speed and low physical activity [17]. Although frailty overlaps somewhat with
disability and comorbidity, the frailty phenotype independently predicts the risk of death in
community-dwelling and hospitalized elderly adults [17,19–21] and in patients with
congestive heart failure [22,23] and end-stage renal disease [24].

The physiologic changes underlying frailty include loss of muscle mass (sarcopenia, see
discussion below), immune senescence and a heightened inflammatory response [18]. The
links between older age, frailty and poor outcomes after lung transplantation, therefore,
could be mediated by ‘inflammaging’, a low-grade chronic proinflammatory state
characterized by increased serum levels of proinflammatory cytokines and activation of both
the innate and adaptive immune systems [25]. Although inflammaging is classically
attributed to age-related increases in the burden of antigenic stimuli (e.g., presence of
normal host flora and subclinical infections with common viruses) [25], the presence of
chronic inflammation and recurrent infections in the setting of pulmonary disease, could
accelerate inflammaging before and after lung transplantation.

The concepts of inflammaging and frailty have not yet been directly applied to patients with
chronic lung diseases and lung transplantation, but existing literature suggests connections
may exist. For example, frailty is characterized by increased circulating levels of IL-6 [26],
which is associated with disability [27] and decreased muscle mass and strength [27,28].
IL-6 has been implicated in the major complications of lung transplantation, including
primary graft dysfunction [29–34], acute rejection [32,35–37], infection [37] and
bronchiolitis obliterans syndrome [38–40]. Interestingly, cytomegalovirus seropositivity in
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community-dwelling elderly women has also been linked to frailty [41], and higher donor
age in kidney, liver and lung transplantation has been linked to higher rates of early [42,43]
and late [44–46] graft dysfunction.

Frailty has been investigated as a preoperative risk stratification tool outside of the field of
lung transplantation. In 594 older adults undergoing elective surgery, Makary et al. found
that preoperative frailty was associated with an increased risk of postoperative
complications, longer length of stay and a greater risk of discharge to a skilled nursing
facility [47]. Afilalo et al. found that slow gait speed (requiring greater than or equal to 6 s
to walk 5 m) independently predicted a composite end point of mortality or major morbidity
in adults over the age of 70 years undergoing cardiac surgery, even after adjustment for a
surgical risk score (odds ratio: 3.1; 95% CI: 1.2–7.5) [48]. Lee et al. focused on core muscle
size as an objective measure of frailty [49]. In 262 patients who underwent elective open
abdominal aortic aneurysm repair between 2000 and 2008, psoas muscle area measured at
the level of the L4 vertebra was associated with 2-year postoperative mortality and
performed at least as well as established mortality predictors, including the American
Society of Anesthesiologists score.

Frailty and its related construct of sarcopenia may underlie the increased risk of death
among older adults after lung transplantation. However, in the absence of data supporting
this link, it is still too soon to deny lung transplantation based on the presence of frailty
alone. Ongoing studies are examining the prevalence of frailty in lung transplant candidates
and its impact on clinically relevant outcomes after transplantation.

Body composition
Similar to age, body composition is an evolving area of controversy in lung transplantation.
The 1998 ISHLT guidelines recommended that lung transplant candidates should weigh
between 70 and 130% of ideal body weight [11]. The 2006 guidelines, however, only
recommend using a BMI greater than 30 as a relative contraindication to lung
transplantation, but underweight recipients are not mentioned [4]. Annual ISHLT registry
reports have occasionally described associations between obesity and greater multivariable-
adjusted risks of death after lung transplantation [50,51]. In a study of 5978 lung transplant
recipients with CF, COPD and ILD followed for a median of 4.2 years, being underweight,
overweight and obese were each associated with an increased mortality rate after lung
transplantation (Figure 2) [52]. A more recent study suggests that the link between obesity
and poor outcomes after lung transplantation may be due to a higher risk of primary graft
dysfunction (acute lung injury occurring within 72 h of lung transplantation) (Figure 3) [53].
This study also suggested that higher levels of leptin, a proinflammatory cytokine produced
by adipose tissue and associated with acute lung injury and the acute respiratory distress
syndrome in mouse models [54,55], might play a role in the development of primary graft
dysfunction. Future studies should focus on the mechanisms underlying this association.

We recommend that obesity and being underweight continue to be considered relative
contraindications for lung transplantation. However, the impact of these factors on survival
time after lung transplantation may be relatively small compared with the risk of death
without lung transplantation. Therefore, transplant clinicians should use clinical judgment to
integrate body composition with other recipient, procedure and donor factors when selecting
candidates for lung transplantation.

The intersection of frailty & body composition
Sarcopenia (low muscle mass) is a critical physiologic change underlying frailty [56]. While
underweight adults are typically sarcopenic, sarcopenia may also be present in normal and
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obese adults (so-called ‘sarcopenic obesity’). The impact of sarcopenia after lung
transplantation has yet to be examined, but data from liver and kidney transplant recipients
suggests that sarcopenia may affect outcomes after solid organ transplantation. Englesbe et
al. measured cross-sectional psoas muscle area on abdominal CT scans in 163 liver
transplant recipients [57]. Psoas area correlated poorly with the Model for End-Stage Liver
Disease score and serum albumin, but was strongly associated with 1- and 3-year post-
transplantation survival (26% 3-year survival for the quartile with the smallest area vs 77%
for those in the highest quartile). In renal transplant candidates, several studies have found
that higher pretransplant muscle mass, using pretransplant creatinine as a proxy, was
associated with greater post-transplant graft and patient survival [58,59].

While frailty has not specifically been studied in patients with lung disease, sarcopenia and
muscle weakness measured by direct strength testing [60], mid-thigh cross-sectional area
[61], mid-arm circumference [62] and bioelectrical impedance [63] have been linked to
short- and long-term mortality in COPD. Indeed, anthropometric measurements, such as
mid-thigh cross-sectional area and mid-arm circumference, are better predictors of mortality
than BMI in COPD [61,63], probably owing to the inability of BMI to capture the loss of
lean muscle mass in those who are not underweight [64].

While frailty and sarcopenia may ultimately be shown to predict outcomes after lung
transplantation, it is not clear whether sarcopenia is a modifiable risk factor. The
administration of growth hormone and steroids improves lean body mass in patients with
COPD [65] and in patients with renal failure requiring dialysis [66,67], but the effect of
these agents on mortality is unknown. Men with COPD, particularly sedentary patients with
low muscle mass, frequently have low circulating levels of testosterone [68]. Testosterone
supplementation increases muscle mass and strength in these patients when combined with
an exercise program [69], but supplementation without exercise has not been shown to be
beneficial [70], and the longer-term effects on muscle mass, mortality and safety are not
known. Nutritional supplementation improves grip strength and arm circumference in at-risk
liver transplant candidates, but does not alter post-transplant mortality [71]. Interestingly,
there is newly emerging data regarding the potentially modifiable nature of muscle
weakness at the cellular level in mouse models of aging [72,73], but this type of intervention
has yet to be attempted in humans.

It appears that our best hope for improving functional status in the pretransplant population
might be through pulmonary rehabilitation targeting muscle mass, strength and aerobic
capacity. In heart transplant recipients, a 12-week post-transplant supervised aerobic and
strength program increased lean body mass and muscle strength [74], and a promising report
by Turchetta et al. suggests that a 12-week exercise training program in children with CF
can improve oxygen uptake and exercise capacity [75]. Pulmonary rehabilitation may also
improve functional status and reduce mortality in patients with COPD [76]. Further study is
needed to determine whether modification of sarcopenia could improve outcomes after lung
transplantation.

Disease-specific indications for lung transplantation
Since the timing of deceased donor lung transplantation is a random event dependent on the
availability of a suitable donor, healthcare providers can only control the timing of referral
for transplantation and the timing of placement on the waiting list. In general, it is
recommended that referral to a lung transplant center should be considered when a patient's
2- to 3-year predicted survival is less than 50% or when they have achieved New York Heart
Association class III or IV functional class [4]. Disease-specific recommendations for the
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timing of referral and transplantation from the 2006 ISHLT guidelines are shown in Box 3
and discussed below [4].

Chronic obstructive pulmonary disease
The 2006 guidelines for referral and transplantation of patients with COPD rely heavily on
the BODE index [4]. The BODE index, a multidimensional ordinal predictor of the risk of
death in COPD, is comprised of BMI (B), airflow obstruction (O) measured by forced
expiratory volume in 1 s (FEV1), dyspnea (D), measured by the modified Medical Research
Council Dyspnea scale, and exercise capacity (E) measured by the 6-min walk test [77].
Higher scores predict a higher rate of death in adults with COPD over a median follow-up
period of 2.5 years. Based on the low risk of death over 1–2 years when the BODE index is
less than five, the current selection guidelines recommend using a BODE score of at least
five as the sole guideline for referral for transplant evaluation [4]. Recommended indications
for the timing of listing for transplantation are: a BODE index of seven to ten (the 4-year
survival of this group is only 15%), an acute exacerbation with concomitant hypercapnia,
pulmonary hypertension despite appropriate supplemental oxygen use or an (FEV1) of
<20%, predicted along with either a diffusing capacity of carbon monoxide of <20%
predicted or homogenous emphysema on computed tomography imaging [4]. These criteria
apply to patients who have deteriorated despite optimal therapy, including smoking
cessation, bronchodilators, pulmonary rehabilitation, oxygen therapy and, in some cases,
lung volume reduction surgery.

While these general guidelines for referral and transplantation have strong face validity for
the need for transplantation, we are unaware of data showing that BODE either predicts
survival time in COPD patients awaiting lung transplantation or identifies candidates who
are likely to have a survival benefit from lung transplantation. Indeed, it is uncertain if lung
transplantation even confers a survival benefit to COPD patients, as different observational
studies have led to different conclusions [78,79]. One innovative study used simulation
methods to identify predictors of the survival benefit of transplantation in adults with COPD
listed for lung transplantation [80]. The authors found a great deal of variation in the
survival benefit of lung transplantation in COPD. For example, 50% of single lung
transplant recipients and 36% of double lung transplant recipients with COPD did not
sustain a predicted survival benefit from lung transplantation [80]. The authors identified a
number of predictors of the survival benefit of lung transplantation. Most notably, a survival
benefit from lung transplantation was unlikely among adults older than 60 years of age,
those with a predicted greater than 20% and those with a FEV1 BMI greater than 27 kg/m2

(Figure 4). While these findings have not been validated (and therefore should be cautiously
integrated with clinical judgment when evaluating candidates), they highlight the limited
nature of the current selection guidelines and the need for additional investigations to help
refine ‘candidacy’ for lung transplantation.

Interstitial lung disease
The cornerstone of the 2006 guidelines for referral and transplantation for patients with ILD
is accurate diagnosis. Owing to the fact that survival without transplantation is poor among
those with a fibrotic form of ILD, the current guidelines appropriately recommend referring
patients with idiopathic pulmonary fibrosis or fibrotic nonspecific interstitial pneumonia for
lung transplantation as soon as the diagnosis is made [4]. Guidelines for the timing of listing
for transplantation include disease progression evidenced by the presence of any of a
number of parameters, including diffusing capacity of carbon monoxide less than 39%
predicted, oxyhemoglobin desaturation during 6-min walk test, the presence of
honeycombing on chest computed tomography or a 10% reduction in forced vital capacity
over 6 months [4]. We agree with these recommendations and would extend them to include
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ILD patients (regardless of the specific diagnosis) if they have New York Heart Association
class III or IV symptoms, require supplemental oxygen or have failed to respond to a first
trial of an appropriate therapy for their disease (if indeed an effective therapy exists).

Early recognition of disease is critical for transplantation and survival in patients with ILD,
but frequently these patients experience long delays from the onset of symptoms to
diagnosis [63]. A recent study suggested that ILD patients with delayed access to an ILD
center have a shorter survival time than those who access subspecialty care sooner, even
after accounting for disease severity [81]. We recommend that ILD patients should be
evaluated by a multidisciplinary team with expertise in the diagnosis and management of
ILD early in the course of disease. Improvement in referral practices may also improve
access to lung transplantation for these patients.

Cystic fibrosis
The 2006 selection guidelines recommend that patients with CF should be referred for
transplantation when one or more of the following conditions are met: FEV1 <30%
predicted, rapidly declining FEV1 (particularly in young female patients), an acute
exacerbation requiring intensive care, increasing frequency of exacerbations, refractory or
recurrent pneumothorax, or uncontrolled recurrent hemoptysis [4]. In our experience, these
guidelines are clinically useful and often also stand as indications for transplantation.
Additional guidelines for transplantation include oxygen-dependent respiratory failure,
hypercapnia and pulmonary hypertension [4]. Patients with recurrent pneumothoraces or
hemoptysis are particularly problematic, since these factors are not accounted for in the
LAS.

Pulmonary arterial hypertension
In the current era of targeted pulmonary arterial hypertension (PAH) therapy, survival rates
appear to have improved and the need for lung transplantation among patients with PAH has
decreased. Nevertheless, lung transplantation remains an important option for treatment-
refractory PAH. Unfortunately, a recent study by Chen et al. using United Network for
Organ Sharing registry data found that in contrast to other diagnostic groups, PAH patients
did not experience an increase in the rate of transplantation following the introduction of the
priority-based LAS system in 2005, and that waiting list mortality did not decrease for PAH
patients during this same period [82]. These data suggest that the LAS may underestimate
the risk of death of PAH patients awaiting lung transplantation, and that our current
allocation policy needs improvement. While there are no studies specifically regarding
pulmonary hypertension (PH) and body composition, available data suggest that poor
functional capacity predicts mortality in PH [83] and exercise programs may improve
outcomes in a nontransplant PH population [84].

Expert commentary
In the presence of an inadequate evidence base, clinical judgment and decision by consensus
prevail each week at hundreds of lung transplant candidate selection meetings worldwide.
The field of lung transplantation is in dire need of well-designed, prospective observational
studies that carefully phenotype lung transplant candidates and recipients in order to identify
predictors of (and develop clinical prediction rules for) the survival benefit of lung
transplantation. We propose that frailty, sarcopenia and related constructs (e.g., disability,
comorbidity and related inflammatory and immune markers) should be targets of such
studies. Innovative approaches that incorporate these novel risk factors into simulated
allocation strategies should be pursued. Only through collaboration between transplant
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centers and support by funding agencies worldwide will we be able to achieve the goal of
optimizing the selection of lung transplant candidates.

Five-year view
Prospective studies are currently examining extrapulmonary factors, such as frailty and
sarcopenia, that influence survival after lung transplantation. In 5 years from now, the
results of these studies will start to be available, providing evidence to aid the selection of
lung transplant candidates. The initial tide of data will probably suggest that frail and
sarcopenic transplant candidates do not sustain a survival benefit from lung transplantation.
The lung transplant community will need to exercise judicious caution in denying lung
transplantation to frail or sarcopenia lung transplant candidates. Clinical trials to reduce
frailty and increase muscle mass will probably be proposed in order to improve candidacy
for lung transplantation. Biological mediators of the effect of frailty, such as immune
senescence and IL-6, will provide innovative approaches to reduce the risk of lung
transplantation.
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Box 1

Absolute and relative contraindications for lung transplantation

Absolute contraindications:

• Malignancy in the last 2 years, with the exception of cutaneous squamous and
basal cell tumors

• Untreatable advanced dysfunction of another major organ system

• Noncurable chronic extrapulmonary infection, including chronic active HBV,
HCV and HIV

• Significant chest wall or spinal deformity

• Documented nonadherence or inability to follow through with medical therapy
or office follow-up, or both

• Untreatable psychiatric or psychologic condition associated with the inability to
cooperate or comply with medical therapy

• Absence of a consistent or reliable social support system

• Substance addiction that is either active or within the last 6 months

Relative contraindications:

• Age older than 65 years

• Critical or unstable clinical condition (e.g., shock, mechanical ventilation or
ECMO)

• Severely limited functional status with poor rehabilitation potential

• Colonization with highly resistant or highly virulent bacteria, fungi or
mycobacteria

• Severe obesity defined as a BMI exceeding 30 kg/m2

• Chronic mechanical ventilation

• Unstable extrapulmonary medical conditions that have not resulted in end-stage
organ damage

ECMO: Extracorporeal membrane oxygenation; HBV: Hepatitis B virus; HCV: Hepatitis
C virus.

Adapted with permission from [4].
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Box 2

Variables included in the lung allocation score calculation

Waiting list mortality predictors:

• Age

• BMI

• Diabetes

• Functional status

• Forced vital capacity

• Systolic pulmonary artery pressure

• Supplemental oxygen requirement

• 6-min walk distance

• Arterial partial pressure of carbon dioxide

• Diagnosis

Post-transplant mortality predictors:

• Age

• Creatinine

• Functional status

• Forced vital capacity

• Pulmonary capillary wedge pressure

• Mechanical ventilation

• Diagnosis

Data taken from the Organ Procurement and Transplantation Network.
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Box 3

Disease-specific indications for listing for lung transplantation

Chronic obstructive pulmonary disease:

• BODE index of 7–10 or at least one of the following:

History of hospitalization for exacerbation associated with acute
hypercapnia (PaCO2 exceeding 50 mmHg)

Pulmonary hypertension, cor pulmonale or both despite oxygen therapy

FEV1 <20% and either DLCO <20% or homogeneous distribution of
emphysema

Cystic fibrosis:

• Oxygen-dependent respiratory failure

• Hypercapnia

• Pulmonary hypertension

IPF and NSIP:

• Histologic or radiographic evidence of IPF and any of the following:

• DLCO <39% predicted

• 10% or greater decrement in FVC during 6 months of follow-up

• Decrease in pulse oximetry <88% during 6-min walk testing

• Histologic evidence of NSIP and any of the following:

DLCO <35% predicted

10% or greater decrement in FVC or 15% decrease in DLCO during 6
months of follow-up

Pulmonary fibrosis associated with collagen vascular disease:

• Data are insufficient to support specific guidelines

Pulmonary arterial hypertension:

• Persistent NYHA class III or IV on maximal medical therapy

• Low (350 m) or declining 6-min walk test

• Failing therapy with intravenous epoprostenol or equivalent

• Cardiac index <2 l/min/m2

• Right atrial pressure >15 mm Hg

Sarcoidosis:

• Impairment of exercise tolerance (NYHA functional class III or IV) and any of
the following:

Hypoxemia at rest

Pulmonary hypertension

Elevated right atrial pressure exceeding 15 mmHg
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Lymphangioleiomyomatosis:

• Severe impairment in lung function and exercise capacity (e.g., VO2 max <50%
predicted)

• Hypoxemia at rest

Pulmonary Langerhans cell histiocytosis (eosinophilic granuloma):

• Severe impairment in lung function and exercise capacity

• Hypoxemia at rest

BODE: BMI, airflow obstruction, dyspnea and exercise capacity; DLCO: Diffusing
capacity of carbon monoxide; FEV1: Forced expiratory volume in 1 s; FVC: Forced vital
capacity; IPF: Idiopathic pulmonary fibrosis; NSIP: Nonspecific interstitial pneumonia;
NYHA: New York Heart Association; PaCO2: Arterial partial pressure of carbon
dioxide; VO2: Oxygen uptake.

Adapted from [4].
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Key issues

• Current guidelines for the selection of lung transplant candidates are based on
expert opinion, registry data and single-center studies. Large-scale prospective
multinational studies are needed to improve our ability to identify lung
transplant candidates who are likely to sustain a survival benefit from the
procedure.

• Older age, obesity and being underweight are each associated with higher risks
of death after lung transplantation, but the mechanisms underlying these
associations (e.g., frailty and sarcopenia) require further study.

• Disease-specific indications for the timing of referral and listing for lung
transplantation focus on the risk of death without lung transplantation rather
than the expected survival benefit of lung transplantation.
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Figure 1. Temporal trends in recipient age at the time of lung transplantation in the USA
Data taken from [101].
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Figure 2. Continuous relationships between BMI and risk of death at 1 year and at 5 years
conditional on 1-year survival after lung transplantation
Solid lines = multivariable-adjusted smoothed regression lines. Dotted lines = 95% CI. In
(A), both nonlinear (p = 0.02) and linear (p = 0.02) relationships were statistically
significant. In (B), the nonlinear (p = 0.04), but not the linear (p = 0.35), relationship was
statistically significant. The significant p-values for the smoothed (nonlinear) curves suggest
that the relationship between BMI and risk of death after lung transplantation is nonlinear,
with higher early and late mortality rates for both underweight and obese recipients. The
wide confidence intervals at the extremes of BMI are due to smaller numbers of transplant
recipients with these values.
Reprinted from [52] with permission of the American Thoracic Society. © American
Thoracic Society.
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Figure 3. Continuous association between BMI and grade 3 primary graft dysfunction adjusted
for diagnosis, cardiopulmonary bypass and transplant procedure type
Solid line shows the effect estimate; dotted lines show the 95% CI bands. The p-value is for
the association between BMI and PGD.
PGD: Primary graft dysfunction.
Reprinted from [53] with permission of the American Thoracic Society. © American
Thoracic Society.
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Figure 4. Survival effect of double lung transplantation in patients with chronic obstructive
pulmonary disease according to values of prognostic variables
The survival effect of lung transplantation is defined as the difference between the expected
median survival with lung transplantation and that without lung transplantation. The survival
benefit is divided into gain of 1 year or more (black), loss of 1 year or more (white) and gain
or loss of less than 1 year (gray). The dashed line separates between gain and loss of
survival.
FEV1: Forced expiratory volume in 1 s.
Reprinted from [80] with permission of the American Thoracic Society. © American
Thoracic Society.
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Table 1

Recipients of lung transplantation in the USA in 2010.

Diagnosis Number (%)

Interstitial lung disease 683 (39)

COPD/emphysema 413 (23)

Cystic fibrosis 218 (12)

Other 152 (9)

Lung retransplantation 80 (5)

Sarcoidosis 54 (3)

α-1-antitrypsin deficiency 43 (2)

Primary pulmonary hypertension 35 (2)

Bronchiectasis 30 (2)

Scleroderma with pulmonary hypertension 20 (1)

Hypersensitivity pneumonitis 19 (1)

Secondary pulmonary hypertension 12 (1)

Lymphangioleiomyomatosis 11 (1)

Total 1770

COPD: Chronic obstructive pulmonary disease.

Data taken from [101].
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