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ABSTRACT: Lung transplantation (LTx) is now generally accepted as a useful
modality of care for patients with severe life-threatening respiratory diseases that are
refractory to other medical or surgical therapies. With the huge development of LTx
over the last 15 yrs, the disparity between the number of potential recipients and the
number of donor organs available has become a major constraint, with many patients
dying on the waiting lists. Therefore, it is of primary importance to control and optimise
the use of this limited organ resource by weighting the risks and benefits of
transplantation in individual patients, and to identify those patients who have a better
chance of having a favourable outcome with transplantation.

This article discusses the selection process of potential candidates and the currently
accepted absolute and relative contraindications, and proposes general and disease-
specific recommendations for optimising the timing of referral. Early referral for
consideration of lung transplantation is highly desirable as it enhances the patient9s
chance of surviving to transplant and allows the transplant team to actively manage
identified comorbidities during the waiting period.
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Lung transplantation (LTx) is now generally accepted as
a useful modality of care for patients with severe life-
threatening respiratory diseases that are refractory to
conventional therapies. With the huge development of LTx
over the last 15 yrs, the disparity between the number
of potential recipients and the number of donor organs
available has become a major constraint, with many patients
dying on the waiting lists. Therefore, it is of primary
importance to control and optimise the use of this limited
organ resource by weighing the risks and benefits of trans-
plantation in individual patients, and to identify those
patients who have a better chance of a favourable outcome
with transplantation.

In 1998, transplant physicians and surgeons representing
five international societies agreed on a document providing
guidelines to identify potential candidates for LTx [1]. Since
the promulgation of this document, additional data regarding
the selection and timing of referral have become available.
Thus, it is appropriate to discuss these new data in context
with the original proposals. Although the selection process for
LTx is not standardised among programmes, it is the
responsibility of the transplant community to develop quality
evidence to guide practice, so that the majority of patients
who may benefit from these disciplines are assessed suffi-
ciently early in their disease course to allow an optimum
chance of surviving to LTx. In addition to considering
absolute and relative contraindications to LTx, this article
discusses factors that may predict survival and may be used in

the decision-making process as to when a patient should be
referred and listed for LTx. Specific selection criteria for
recipients of living-donor lung transplants, for paediatric
patients and for recipients of a second transplant are not
addressed in this article.

Patient selection

LTx is indicated for patients with end-stage lung diseases
who demonstrate declining function despite optimal therapy.
Candidates should have a chronic disease that is refractory to
other medical or surgical therapies and for which survival is
limited (see below). Critically ill patients in desperate clinical
situations are rarely appropriate candidates for LTx.

Selection process

There are surprisingly few data in the literature describing
the process of patient selection, though it is of fundamental
importance to the outcomes achieved by individual pro-
grammes. Formats vary from protocol-driven multidisciplin-
ary assessments to largely single operator-determined
decisions of whom to list and when. The original Stanford
University Medical Center, Stanford, CA, USA, model
comprised a rigorous process of preliminary review of the
medical history and a comprehensive set of predetermined
investigations by the senior transplant fellow prior to
commitment to onsite evaluation; this model was designed
both to educate the potential recipient regarding LTx andFor editorial comments see page 721.
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identify any medical or psychological areas that may benefit
from targeted interventional strategies [2]. Following this
period of review, the prospective recipient met a senior
medical team member (usually the chief of transplant surgery)
whose responsibility was to accept, reject or defer the patient
for active listing.

The advent of larger services has seen the development of
larger team meetings to subserve the same responsibility, and
allow a balanced assessment of the myriad factors that may
potentially impact on post-transplant outcomes [3]. At the
University of Groningen in the Netherlands, a similar
stepwise process has been followed [4]. The responsible
body making the decisions regarding suitability for listing
was the multidisciplinary LTx meeting that was held weekly.
Review of the initial written referral saw 14% of patients
rejected and 2% deferred because they had not reached the
"transplant window" [2]. Following a first visit to the
outpatient clinic, a further 11% were rejected and 18%
deferred. After inpatient evaluation, another 5% were
rejected. In all, 37% of referred patients achieved active
listing status, 20% of whom died waiting for a donor. The
stepwise selection process utilised helps to identify patients
with potential complications at an early stage and thereby
avoid both the development of unrealistic expectations and
the expense of unnecessary investigations.

From a practical perspective, patient selection involves
analysis of standard investigations (table 1) designed to
identify comorbidities that may increase risk (table 2), and
balancing those against likely outcomes. Age alone should not
dictate lack of eligibility for LTx, but older patients tend to
have a worse survival due to comorbidities [6]. Vascular
disease and occult malignancy are more common with age
and most programmes attempt to define the extent of
peripheral, cerebral and coronary vascular pathology in the
older patient prior to listing. In the experience of the Dutch
LTx programme, cardiovascular comorbidities were the most
frequent reason for rejecting patients [4]. Routine coronary
angiography for all prospective LTx candidates does not seem
supported by studies to date, but selection of higher-risk
patients based on smoking history, age and at least one other
coronary artery disease risk factor is recommended [7, 8].

Contraindictions

Absolute contraindications to LTx [1] include serious
dysfunction of the kidney and liver, active extrapulmonary
infection, current tobacco use or other substance abuse (e.g.
alcohol, narcotics), progressive neuromuscular disease and
active malignancy within the past 2 yrs (with the exception of
basal and squamous cell carcinoma of the skin). A 5-yr,
disease-free interval is prudent for extracapsular renal cell
tumours, breast cancer that is stage 2 or higher, colon cancer
staged higher than Dukes A, and melanoma, level III or
higher. A search for occult malignancy should be part of the
routine pretransplant assessment (table 1), in particular in
older patients. Of interest, serum carcinoembryonic antigen
levels are often higher in patients with end-stage lung disease,
especially idiopathic pulmonary fibrosis (IPF), and predict
neither post-transplant survival nor development of malig-
nancy [9].

Relative contraindications include medical conditions of
the recipients that are felt to potentially impact on the long-
term outcome and should be optimally treated and well
controlled prior to surgery [1]. When they have not resulted in
end-stage organ damage, diabetes mellitus, systemic hyper-
tension and peptic ulcer disease are generally acceptable in
candidates for LTx. Similarly, current use of corticosteroids
is no longer a contraindication to transplantation, but all

Table 1. – Investigations

Blood tests Full blood count
Coagulation studies
Blood group
Urea, electrolytes, creatinine
Blood glucose
Liver function
Calcium and magnesium
Lipid profile
Thyroid function studies
HLA status
Panel reactive antibody status

Radiology studies Chest CT and/or CXR
Thoracoabdominal CT Scan
Abdominal ultrasound
Ventilation/perfusion scan especially for

single LTx

Sinus CT (in cystic fibrosis)
Functional studies Lung function

Spirometry, lung volumes and diffusion
Maximal inspiratory and expiratory

pressures

Arterial blood gases
6-min walk/3-min step test

Cardiac
ECG
Gated heart pool scan
Echocardiogram
Coronary angiography (see text)

Bone mineral density
Polysomnogram (for PH, respiratory

failure and right heart failure)

Infection screen Sputum m/c/s, fungi and mycobacteria
Mantoux test
Midstream urine
Swabs for MRSA
Serology for HIV, hepatitis B, hepatitis C
Serology for cytomegalovirus
Serology for Ebstein-Barr virus
Serology for Chlamydia pneumoniae
Serology for Varicella zoster

Malignancy screen Sputum cytology
Papanicolau smear
Prostate specific antigen
Mammography
Faecal occult blood screening

Autoimmune screen ANA
ENA
DNA antibody
Rheumatoid factor
ANCA
Creatine kinase
Immunoglobulins

Compliance screen Serum cotinine
Psychology profile

Consultant referrals Dental
Gastroenterology
Dermatology
Psychiatry
Nutrition
Social work
Physiotherapy
Ear, nose and throat for cystic fibrosis

HLA: human leukocyte antigen; CT: computed tomography;
CXR: chest radiograph; LTx: lung transplantation; ECG: electro-
cardiogram; PH: pulmonary hypertension; m/c/s: microscopy, culture
and sensitivity testing; MRSA: methicillin-resistant Staphylococcus
aureus; HIV: human immunodeficiency virus; ANA: antinuclear
antibody; ENA: extractable nuclear antibody; DNA: deoxyribonucleic
acid; ANCA: antineutrophilic cytoplasmic antibody.
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attempts to discontinue these drugs or at least reduce the dose
to v20 mg?day-1 prednisone should be made. Osteoporosis is
now recognised as a major risk factor for post-transplant
bone fracture and diminished quality of life after LTx, which
mandates early interventional therapy to preserve bone mass
[10–12]. This should commence prior to transplant. Patients
with a body mass index (BMI) w25–30 kg?m-2 or v18 kg?m-2

require either weight loss or weight gain, because morbid
obesity and cachexia may be associated with increased
postoperative mortality [13, 14]. The effect of wasting,
however, has not been found consistently [13], in particular
in patients with cystic fibrosis (CF) [15, 16].

Selecting patients who require invasive ventilatory support
or artificial assist devices, such as extracorporeal membrane
oxygenation, adds a degree of urgency to donor acquisition,
and clearly, is only a feasible undertaking where there is either
local flexibility in waiting-list management, to accommodate
the needs of critically ill candidates, or access to urgent donor
organ requests. Many units consider that only patients who
have been fully assessed and listed prior to the need for
invasive mechanical ventilation should be considered as
appropriate candidates for LTx. Status in hospital or in
intensive care units (ICUs) and invasive mechanical ventila-
tion are associated with less favourable 1- and 5-yr outcomes
[5], although this may apply to a lesser extent to patients with
CF [17]. Outcome data from patients on noninvasive
ventilation are scant but this appears to be a preferable
bridge to transplant where available [18, 19].

Potential candidates should demonstrate adequate health
behaviour and willingness to develop a working therapeutic
alliance with the transplant group. Poorly controlled psy-
choaffective disorders, inability to understand the complex-
ities of the therapy or to comply with the complex medication
regimen, and a documented history of noncompliance with
medical care are all relative contraindications.

There are few data to guide practice in the area of solid
organ transplantation in patients infected with hepatitis B and
C and/or human immunodeficiency virus (HIV). Provided
there is no significant liver disease, hepatitis B- or C-antigen
positivity is no longer considered an absolute contraindica-
tion to LTx, but attempts to suppress viraemia prior to
transplantation are advised [20, 21]. Regarding patients with
HIV, a recent sounding board article by HALPERN et al. [22]
discusses the current practice and ethical considerations of
transplantation. While most centres polled expressed concern
regarding offering organs to HIV-positive patients, the
authors argue persuasively that published reports to date
suggest the presence of HIV infection per se does not
negatively impact outcome from transplantation. Moreover,
the risk of HIV transmission to caring staff is lower than
hepatitis C, and in the absence of evidence to suggest that

patients with well-controlled HIV infection derive less benefit
than recipients with other comorbidities, there is no justifica-
tion for utilising less viable organs in this group. They
suggested assessing the extent of HIV infection and making
decisions as per the consideration of any other comorbidity
until accumulating data provide information regarding the
appropriateness or otherwise of transplantation in this group.
Just as LTx is contraindicated in hepatitis C patients with
established cirrhosis due to lack of enduring efficacy, the
authors warrant that it is not appropriate to consider
transplant in patients with terminal acquired immune
deficiency syndrome. Importantly, the authors state that it
is not the position of medicine to adjudicate the morality of
personal behaviour through selective treatment of life-
threatening conditions. In the practical arena, these con-
siderations may be relevant for HIV-related pulmonary
hypertension that is refractory to medical therapies, and
hepatitis C-positive patients with a distant past history of
intravenous drug use of illicit substances. Each unit will
develop its own strategies to manage these patient-care
situations, but the above discussion provides a framework
for ethical decision-making.

Timing of referral

General recommendations

It is generally recommended to consider transplantation
when the patient is symptomatic during daily living activities
(New York Heart Association (NYHA) class III or IV) and
survival is expected to be limited to 2–3 yrs, which represents
the upper end of the usual waiting time [23]. The chance of
surviving the waiting period will depend on the waiting time,
the underlying disease and the existing system for allocation
of donor organs. The waiting time tends to be longer for heart
LTx, compared with single LTx, for small females compared
with taller patients, and for recipients with blood groups
other than AB [24]. Waiting time also tends to be longer at
large-size transplant programmes [25]. The primary disease of
the recipient has a major impact on waiting-list mortality;
patients with IPF, CF, and primary pulmonary hypertension
(PPH) have lower survival rates while awaiting LTx than
patients with emphysema or Eisenmenger9s syndrome [25–27].
The difficulty of prognosticating survival, however, is a major
factor confounding the issue of timing of referral, and the
high mortality on the waiting list for patients with IPF and
CF suggests that referrals tend to occur too late in the
evolution of the disease process.

The transplant literature is heavily weighted towards a
decision-making process regarding organ allocation that relies
on the implicit assumption that there is equity of access to
LTx services, equity of timing of referral within and between
disease states, and critically, equity of a "time-waited"
approach to the distribution of donor organs [25]. These
assumptions are not supported by an analysis of outcome
data. The differential waiting-list mortality between IPF or
CF and emphysema, alone, attests to the inequity of this
approach. For this reason, prioritisation on the waiting list
according to the recipient9s primary disease is increasingly
considered as a step forward towards a more equitable
allocation of donor lungs [26, 28]; in the United Network for
Organ Sharing of the USA, patients with IPF are currently
assigned a bonus of 90 days of waiting time upon registration
on the active list.

Early referral for consideration of LTx is highly desirable.
It allows an orderly process of assessment and management of
areas of concern prior to active listing. Issues pertaining to the
psychology of accepting and confronting a life-threatening

Table 2. – Comorbidities that increase risk of 1- and 5-yr
mortality

Congenital heart disease
Retransplantation
Ventilator dependency
Total dependence in ADLS
In hospital or ICU
Primary pulmonary hypertension
Idiopathic pulmonary fibrosis/sarcoidosis
Advanced recipient age
Recipient BMI o30
Recipient weight f40 kg
Centre transplant volume f10?yr-1

Bilirubin o50 mg?L-1

ADLS: activities of daily living; ICU: intensive care unit; BMI: body
mass index. Adapted from [5].
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illness can be addressed over an appropriate period of time.
Furthermore, early referral probably enhances an individual
patient9s chance of surviving to transplant and minimises the
trauma and distress of waiting while desperately ill. Indeed,
evidence now suggests a reduced survival post-LTx for that
cohort of patients who, by these delays, become totally
dependent, hospital bound, malnourished and debilitated.
Rather than merely surviving to transplant with the aid of
mechanical and physical-assist devices, the waiting period can
be used productively to actively manage healthcare needs by a
multidisciplinary transplant team with expertise and experi-
ence in specific risk-factor management pretransplant [29]. It
is this area where the simple paradigm of "passive" waiting on
the transplant list has so altered in recent years towards an
"active" prescription of therapies designed to optimise time
utilisation while waiting. Conversely, late referral [30]
compromises the likely outcomes achievable within a realistic
time-frame and, in a sense, becomes a self-fulfilling prophecy
for those who do not believe in the positive benefits that can
and do accrue from LTx. Late referral definitely reduces the
chance of surviving to transplant and is associated with
heightened patient anxiety scores while waiting.

Survival benefit

The implicit rationale behind existing recommendations
regarding timing of referral is that the primary goal of LTx is
to provide a survival benefit, i.e. post-transplant survival
should exceed the expected survival without the procedure.
Several studies in adults [31–35] and children [36] have
assessed survival benefit by comparing survival on the waiting
list with survival after LTx. They found that LTx may confer
a significant survival benefit [31], in particular in patients with
CF, IPF and PPH [32–35]; two studies [33, 34] reported a
similar observation for emphysema patients but one did not
[32] and two studies that assessed patients with Eisenmenger9s
syndrome [33, 34] did not find any survival benefit with LTx.
The significance of these results, however, is limited by
uncertainties regarding the methodology [31] and the validity
of several assumptions used in the analysis, which preclude
any firm conclusion as to whether LTx may be justified or not.
In addition, there is much ongoing discussion on how to
weigh expected survival benefits with gains in quality of life,
i.e. it may be unsound to compare a year of survival under
extremely difficult conditions with a year spent enjoying a
dramatic improvement in quality of life. LTx for many
patients will be a palliative treatment rather than a definitive
cure, and thus it may be sound to include measurements of
quality of life, in addition to survival, when assessing the
effectiveness of the procedure [37]. This view is shared by the
patients themselves [38].

Disease-specific considerations

This section discusses disease-specific predictors of survival
that may be used in the decision-making process of when a
patient should be listed for LTx [39]. It is important to stress
that this decision should not be based on a single factor
because no simple single-point determinant is sufficiently
predictive of early mortality to provide a robust indication for
timing of referral. Rather, it is recommended that a variety of
clinical (e.g. quality of life, rate of infection, ICU hospitalisa-
tion, oxygen need, weight loss, etc.), laboratory (e.g. arterial
oxygen tension (Pa,O2) and arterial carbon dioxide tension
(Pa,CO2)) and functional findings (e.g. pulmonary function
tests, echocardiogram, exercise capacity) are used. Predictors
of survival are discussed for the diseases that are the primary

indications for LTx [5]: emphysema, either primarily related
to smoking (39.4%) or secondarily related to smoking
(a1-antitrypsin deficiency 9.3%), IPF (16.9%), CF (16.1%)
and PPH (4.6%).

Chronic obstructive pulmonary disease

The availability of lung volume reduction surgery (LVRS)
may influence the decision to list an individual patient but the
majority are not suitable for both procedures, and patients
who are sufficiently disabled by poor lung function to warrant
consideration of LTx fall into the high-risk group for LVRS
[40, 41]. Nevertheless, a number of programmes have found
that the option of LVRS allowed deferral of patients who
were previously listed for LTx [42]. LVRS does not appear to
be associated with acceptable short-term outcomes for
patients with a forced expiratory volume in one second
(FEV1)v20% predicted and either homogeneous emphysema
or a diffusing capacity for carbon monoxide (DL,CO) v20%
pred, hypercapnia, pulmonary hypertension and/or a1-
antitrypsin deficiency [43]. A limited experience with syn-
chronous combined LVRS and LTx has been described as an
alternative approach in selected patients [44].

The definition of an appropriate timing of referral for
patients with chronic obstructive pulmonary disease (COPD)
is complicated by the fact that very symptomatic patients may
have a relatively good prognosis. Among COPD patients,
those with a "chronic asthmatic bronchitis" type of disease
have a much better outcome than those with emphysema [45].
Hospitalisation for exacerbation of COPD associated with
hypercapnia carries a poor prognosis with a 49% 2-yr morta-
lity [46]. Survival rates decrease as age, the degree of hypoxae-
mia and hypercapnia, and pulmonary artery pressure increase,
and as FEV1, DL,CO, BMI and inspiratory muscle strength
decrease [1, 47, 48]. In addition, measures of health-related
quality of life are independent risk factors of mortality [47].

Idiopathic pulmonary fibrosis

Most patients with IPF are referred late for transplant and
this contributes to the high waiting-list mortality. The usual
interstitial pneumonia (UIP) pattern of IPF is generally
unresponsive to steroid therapy and median survival after this
diagnosis is only 2.8 yrs [49]. It is not generally recognised
that among common pulmonary disorders, only lung cancer
has a lower 5-yr survival rate from diagnosis. In the
international document [1], it was recommended that
symptomatic patients with IPF should be referred to a
transplant centre in any of the following circumstances:
progressive disease with failure to improve or maintain lung
function while being treated with steroids or other immuno-
suppressive agents, DL,CO v50–60% pred, forced vital
capacity v60–70% pred, resting hypoxaemia or pulmonary
hypertension. In a single centre study of 115 patients of
v65 yrs of age with UIP, the DL,CO and high-resolution
computed tomography (HRCT) score for fibrosis were found
to be independent predictors of 2-yr mortality [50]. The
optimal values on a receiver-operating characteristic curve
(ROC) for discriminating between survivors and nonsurvivors
corresponded to a DL,CO of 39% pred and an HRCT fibrosis
score of 2.25. Combining these two parameters gave a
specificity and sensitivity of 84 and 82%, respectively.

Cystic fibrosis

The issue of antibiotic sensitivity testing and suitability for
transplant remains unresolved due to the lack of comprehensive
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data regarding outcomes of transplanting patients with
panresistant versus multiresistant organisms. Each unit is
recommended to develop its own policy but recent single-
centre reports point to a higher mortality rate in CF patients
infected with Burkholderia cepacia complex genomovar III;
specifically, a 30–40% difference in survival at 1 [51] and 3 [52]
yrs in the infected versus the noninfected group. Multicentre
studies to confirm the level of risk attached to this organism,
in particular, have not been done. The possibility of utilising
in vitro synergy testing to identify the optimum antibiotic
therapy has been discussed but is not yet widely practiced.
The pretransplant presence of multidrug-resistant Pseudomo-
nas aeruginosa has no significant influence on outcome [53].

Defining appropriate criteria for referral of CF patients for
LTx is difficult because the course and prognosis of the
disease are highly variable between individuals. The indivi-
dual9s unique medical characteristics often make it difficult to
apply statistical models to specific patients. In addition, such
models are derived from longitudinal studies involving large
groups of patients with progressive, fatal pulmonary pro-
cesses; such studies are difficult to perform and few in
numbers. The guidelines proposed in the international
consensus document [1] were primarily based on the study
by KEREM et al. [54] who identified an FEV1v30% pred (and
to a lesser extent, a Pa,CO2 w7.3 kPa (55 mmHg), a Pa,O2

v6.65 kPa (50 mmHg), aged v18 yrs and female) as a useful
marker for predicting survival. Several subsequent studies [15,
55–57], commented on in at least two editorials [58, 59],
emphasised that no threshold FEV1 value (e.g. v30% [54] or
50% [60] pred) can be considered on its own as a robust
predictor of survival and be used to recommend referral.

Physiological variables other than those derived from
standard pulmonary function tests and blood-gas data may
contribute to assess prognosis in CF patients and assist in the
process of listing. A measure of exercise performance is used
by most transplant centres. Recently, it was shown that an
elevated breathing reserve index (minute ventilation/maximal
voluntary ventilation) at the lactate threshold, as well as
resting Pa,CO2 and FEV1 % pred, are independent risk factors
for mortality [61]. In children with CF, the 3-min step test is a
suitable and possibly superior tool when compared with the
traditional 6-min walk test [62]; furthermore, it is easy to learn
and administer and can be performed routinely at outpatient
follow-up.

In another study [63], resting hypercapnia and increased
perfusion disparity (i.e. severe, unilateral perfusion abnor-
mality), on lung ventilation/perfusion scans, were the main
predictors of death identified by the Cox model. Pulmonary
haemodynamics may also provide useful prognostic indica-
tions. In a small single-centre study, VENUTA and co-workers
[64, 65] found that for patients already waiting for LTx, an
elevated Pa,CO2, resting heart rate, mean pulmonary artery
pressure (mPAP), pulmonary vascular resistance and
increased cardiac index were associated with an increased
risk of death on the waiting list. Importantly, pulmonary
haemodynamics deteriorated significantly during the time
waited. The importance of pulmonary hypertension as a
prognostic factor has also been reported in a study that used
Doppler echocardiography [66]; it should be stressed, how-
ever, that in patients with pulmonary hypertension awaiting
LTx, technical limitations of the echocardiogram often
preclude estimating pulmonary artery systolic pressure [67].

Many of the above-mentioned studies came from single
centres and included a small number of subjects. To overcome
these limitations that preclude generalisation to the entire CF
population, several investigators have developed larger
inclusive models using multivariate Cox regression analysis
to predict survival in adults and children with CF [57, 68–72].
The models included a variety of anthropometric, physiological,

laboratory and clinical characteristics (e.g. microbiology,
number of hospitalisations or intravenous antibiotic treat-
ment, presence of diabetes mellitus and malabsorption).
Unfortunately, these studies have provided inconsistent
results that probably reflect the heterogeneous nature of
CF; although FEV1 (% pred) was usually found to be an
independent risk factor for mortality, the impact of other
factors, such as sex, nutritional status, respiratory secretions,
microbiology, diabetes mellitus, hypercapnia or pulmonary
artery pressure, was variable. Validation of the models
showed a good fit between expected and observed probabili-
ties, and ROC curves constructed in two studies [69, 70]
demonstrated good diagnostic accuracy. However, even with
a good sensitivity, a model may have a limited positive
predictive value if the mortality of the cohort studied is low
(i.e. a substantial proportion of patients predicted to die will
actually survive); this limitation obviously decreases the
usefulness of the model in optimising the timing of listing
for individual patients [70]. The applicability of the models is
further limited by the lack of prospective validation. Thus, at
present, no firm recommendation can be made regarding what
combination of factors (and what thresholds) should be used
when deciding if transplant referral or listing is appropriate.
The final decision must derive from a comprehensive
evaluation that should take into account indicators of disease
severity, recipient characteristics that may impact on waiting
time (see above), average local waiting time, and whether or
not the organ allocation policy permits prioritisation for
medical urgency. Physicians and patients must be aware that
many CF patients die while awaiting LTx, indicating that
referral often occurs too late in the course of their disease [30,
73]. Unfortunately, available studies demonstrate that the use
of the FEV1 criterion or more complex models cannot
discriminate patients who are likely to survive from those who
are likely to die, and may result in premature referral [15,
55–57, 70]. Prediction models may be of greater help to
identify patients who are not ill enough to require transplant
surgery; the reported high negative predictive value [70]
indicating that the models can more accurately predict
survival than death.

Primary pulmonary hypertension

In recent years, the management of patients with PPH has
considerably evolved due to the availability of new medical
therapies [74]. Following the study by D9ALONZO et al. [75],
haemodynamic variables were believed to provide clinicians
with strong prognostic factors. Elevated right atrial or
mPAPs, along with decreased cardiac output were associated
with a worse prognosis. However, these data from the US
national registry were collected in the pre-prostaglandin
(PG)I2 era. More recent studies indicate that functional
capacity, as assessed by measurement of the 6-min walking
distance, appears to be a strong predictor of mortality in
patients with PPH [76–78], a 6-min walking distance of
v332 m being associated with a poor prognosis [79].

The long-term effects of chronic medical therapy for PPH is
an area of important controversy. A consistent decrease in
mortality has recently been reported with chronic intravenous
epoprostenol for PPH by two leading centres [76, 77], both
showing significant improvement in survival rate up to 85, 70
and 60% at 1, 2 and 3 yrs, respectively. Moreover, the 55%
survival rate at 5 yrs demonstrated in the French study [77] is
slightly above the expected survival after LTx. Whether or not
the survival benefit of chronic intravenous epoprostenol can
be extrapolated to the newer PGI2 derivates is still unknown.
Long-term data are missing, but clinical and functional
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improvements appear to be sustained with some PGI2

analogues, such as treprostinil [79].
A modern management strategy for PPH has been pro-

posed recently, taking into account the most recent advances
in medical treatment [80]. Although there is probably a place
for each drug, PGI2 derivates, such as epoprostenol, iloprost
or treprostinil appear best suited for bridging patients to LTx.
However, it is still unclear whether or not patients in NYHA
IV should be listed for LTx before attempting medical
therapy and whether or not patients not responding to
treprostinil or inhaled iloprost should be converted to
epoprostenol before being listed. Atrial septostomy should
be strongly considered in experienced centres, either when
patients are listed for transplantation or when medical
therapy is insufficient to maintain exercise tolerance or relieve
symptoms. Finally, results of each intervention should be
assessed on a regular schedule, usually every 3 months or
earlier in case of clinical or functional deterioration, and
listing for transplantation should be decided on functional,
haemodynamic and clinical criteria (table 3).

Pulmonary thromboendarterectomy has advantages over
LTx for chronic thromboembolic pulmonary hypertension,
such as superior short-term survival and the lack of need for
long-term immunosuppressive therapy, and thus it is con-
sidered a favoured alternative where available [81].

Conclusion

Evidence is slowly accumulating to guide practice in the
area of candidate selection for lung transplantation. The

quality of the evidence, however, remains low, as most studies
are either underpowered or single-centre reports or both.
Areas that bear further scrutiny include the best selection
criteria for cystic fibrosis, where the referring community
needs to be disabused of the notion that forced expiratory
volume in one second is the sole criterion in which transplant
centres are interested to determine listing. Referrals occur late
in the disease process in idiopathic pulmonary fibrosis and
cystic fibrosis with a resultant excess mortality on the waiting
list in the order of 20% of prospective candidates. Educational
strategies are needed to promote the benefits of early referral.
Active management of identified comorbidities during the
waiting period works to the immediate and potential
advantage of the recipient. Ultimately, quality-of-life issues
are commonly utilised by referring physicians as determinants
of when to refer, and it behoves the lung transplantation
community to work closely with the referral community to
provide up-to-date and robust estimates of likely outcomes so
that individual patients are well informed of the myriad
benefits that successful lung transplantation can provide.
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