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Abstract: Lung transplantation remains the ultimate treatment option for selected patients with end-stage

(cardio) pulmonary disease. Given the current organ shortage, it is without any doubt that careful selection

of potential transplant candidates is essential as this may greatly influence survival after the procedure. In

this paper, we will review the current guidelines for referral and listing of lung transplant candidates in

general, and in more depth for the specific underlying diseases. Needless to state that these are not absolute

guidelines, and that decisions depend upon center’s activity, waiting list, etc. Therefore, every patient should

be discussed with the transplant center before any definite decision is made to accept or decline a patient for

lung transplantation.
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General indications for lung transplantation

Lung transplantation is performed with increasing numbers
all over the world and in the most recent official lung
and heart-lung transplant registry report released by the
International Society for Heart and lung Transplantation (1),
it was mentioned that in 2014 some 4,000 lung
transplantation have been performed worldwide, of which
75% were double lung transplants. In this report, which
accumulated over 50,000 lung transplantations from 1995
till June 2015, COPD with and without alphal antitrypsin
deficiency accounted for 36.5%, interstitial lung disease
[including idiopathic pulmonary fibrosis (IPF)] for 29.7%,
cystic fibrosis (CF) for 15.8%, non-CF bronchiectasis for
2.7%, pulmonary hypertension for 4.4%, retransplantation
for 4.1%, and some less common indications such as
sarcoidosis, lymphangioleiomyomatosis (LAM), obliterative
bronchiolitis, etc. for 6.8% of the total number. These
data are gathered from 134 collaborating centers all over
the world. In our own center in Leuven (Belgium), the
underlying diseases for lung transplantation are shown in
Figure 1, and are quite representative for the registry data.

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

From the beginning of our centers activity, we have used
the available guidelines for the selection of lung transplant
candidates, although the first international guidelines were
only published in 1998 by Maurer et a/. This was a joint
guidelines paper, produced by ATS, ISHL'T, AST and ERS
and simultaneously published in the Journal of Heart and
Lung Transplantation, Heart Lung and Transplantation (2-4).
This paper focused on general medical conditions which
impact on eligibility for lung transplantation and clearly
indicated an age limit of up to 55 years for heart-lung,
65 years for single lung and 60 years for double lung
transplantation. Also disease specific criteria were already
mentioned.

In the next guidelines paper, published in the Journal of
Heart and Lung Transplantation in 2006, by Orens et 4l. (5),
it was clearly stated that evolving technology and advances
in medical knowledge mandated a need for an update. In
this revision, age >65 years was only considered as a relative
contra indication, given the enhanced experience with such
patients. The paper also made a distinction between referral
guidelines and transplantation guidelines, which was quite
elegant to use at the time. There were no new criteria for
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Figure 1 Indications for lung and heart-lung transplantation at the
University Hospital Leuven (n=1,002 procedures) from July 1991
till June 2017.

pediatric transplantation nor for retransplantation.

The most recent update of the guidelines was published
in 2014, by Weil ez al. and will form the further basis for
this chapter (6).

As the mortality rate after lung transplantation relative
to other solid-organ transplants is high and the availability
of donor lungs remains limited, lung transplantation should
be offered to those in whom a survival benefit can be
expected. Overall median survival in most recent reports
is 5.8 years with an unadjusted survival rate at 5 years of
54% (1). However, the median survival rate according to
the underlying pulmonary disease is very different, varying
from 2.8 years after retransplantation to 8.9 years for CE.

Thus, selected adult patients should have chronic, end-
stage lung diseases and meet the following criteria:

(I)  High risk of death (>50%) within 2 years if lung

transplantation is not performed;

(I) High likelihood (>80%) of surviving at least 90

days after lung transplantation;

(ITT) High likelihood (>80%) of 5-year post-transplant

survival;

(IV) No other treatment option possible/available.

Contraindications

The ISHLT’ 2014 guidelines include absolute and relative
contraindications. These are of course to be interpreted
with some caution, as experienced centers may have other
contra indications compared to starting centers. What
is really to be considered is the fact that in the below
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mentioned conditions, there should at least be in depth
discussion with the transplant team and the patient, whether
a lung transplantation is indeed the right option for this
particular patient. Some of these absolute contraindications
may also be temporary as for instance a patient may lose
weight and decrease a BMI to <35 kg/m’, or an active
Mycobacterium ruberculosis infection may be treated for
several months before reconsidering the patient for lung
transplantation.

Absolute contraindications to lung transplantation

() Recent history of malignancy. A 2-year disease-free
interval and a low predicted risk of recurrence may
be acceptable, for instance, in localized squamous
or basal cell skin cancer, appropriately treated.
However, a 5-year disease-free interval is required
in most cases, particularly for patients with a history
of hematologic malignancy, sarcoma, melanoma, or
cancers of the breast, bladder, or kidney. For patients
with a history of bronchial carcinoma, for instance,
the risk of recurrence may remain too high. A
specific condition may be localized prostate cancer,
even diagnosed at the time of pre transplant work up,
with a Gleason score of max. 3+3 may be acceptable
in some patients, although data remain scarce.

(II)  Untreatable significant dysfunction of another
major organ system (e.g., heart, liver, kidney, or
brain) unless combined organ transplantation can be
performed. Several combined organ transplantations
have been performed worldwide, with variable
outcome, again depending on the experience of the
center. Typical examples are combined liver-lung,
lung-kidney, heart-lung and liver, lung, kidney,
pancreas. Survival with lung-liver in CF patients
is reported to be comparable to transplantation of
lungs only (7,8).

(III)  Uncorrected atherosclerotic disease with suspected
or confirmed end-organ ischemia or dysfunction
and/or coronary artery disease not amenable to
revascularization.

(IV)  Acute medical instability, including, but not
limited to, acute sepsis, myocardial infarction, and
liver failure. In our own center one patient was
transplanted with end-stage COPD and drug-
induced acute liver failure. She is doing well >3 years
after the procedure (9). This illustrates that such
combined transplantations may be feasible, but
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V)
(VD

(VII)
(VIII)

(IX)

X)

(XI)

(XII)
(XIII)

(XIV)

should be very well discussed before to proceed.
Uncorrectable bleeding diathesis.

Chronic infection with highly virulent and/or
resistant microbes that are poorly controlled pre-
transplant. Human immunodeficiency virus (HIV)
and hepatitis B or C are no longer considered as
absolute contra-indications, provided patients are
treated for HIV and there is no viremia for hepatitis
B and C (10,11).

Evidence of active Mycobacterium tuberculosis infection.
Significant chest wall or spinal deformity expected to
cause severe restriction after transplantation. Morbus
Bechterew may be one of these specific conditions.
If indeed the mobility of the thoracic cage is severely
restricted pretransplant, many problems may arise
after transplantation, such as difficult weaning
and restrictive pulmonary function with ongoing
dysfunctionality.

Class II or IIT obesity [body mass index (BMI)
>35.0 kg/m’].

Current non-adherence to medical therapy or a
history of repeated or prolonged episodes of non-
adherence to medical therapy that are perceived
to increase the risk of non-adherence after
transplantation. This is sometimes difficult to assess,
but is very important as it was recently shown
that adherence after transplantation may also be
problematic, although this was less problematic after
lung transplantation (12).

Psychiatric or psychologic conditions associated
with the inability to cooperate with the medical/
allied health care team and/or adhere with complex
medical therapy.

Absence of an adequate or reliable social support
system.

Severely limited functional status with poor
rehabilitation potential.

Substance abuse or dependence (e.g., alcohol,
tobacco, marijuana, or other illicit substances). In
many cases, convincing evidence of risk reduction
behaviors, such as meaningful and/or long-term
participation in therapy for substance abuse and/
or dependence, should be required before offering
lung transplantation. Serial blood and urine testing
can be used to verify abstinence from substances that
are of concern. Prior tobacco smoking is common
in patients who have end-stage lung disease,
especially COPD and IPF. It is generally assumed
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that an abstinence period of 6 months might
be sufficient before transplantation (or listing),
although we recently demonstrated that the time of
smoking cessation before transplantation inversely
correlated with resumption of smoking after lung
transplantation. Moreover, other smoking family
members in the household of the patient are another
risk factor to resume smoking afterwards. Therefore,
presently we also try to convince everyone living in
the same house to quit smoking (13).

Relative contraindications

Relative contraindications remain a matter of debate,
indeed what is relative in one center may be absolute in
another center. This greatly depends on the experience
of the center. All these relative contraindications should
therefore be interpreted with caution, and too many relative
contraindications may become an absolute contra indication
for lung transplantation.

(I)  Age >65 years in association with low physiologic
reserve and/or other relative contraindications. It
is evident from the literature that older patients
have a worse outcome. This was clearly identified
in the ISHLT registry report from 2013 (14)
which focused on age. Between 2003 and 2012,
19,930 lung transplants were registered, of which
10% were in patients >65 years of age. Survival
not only varies by era, and by underlying disease,
within each diagnostic group, older patients had
a worse survival and in general the 5-year survival
in >65 years was 38%, compared to 46% for those
between 60-65 years and 52% to 57% for those
<60 years (14). Of course, age is not the only factor
that counts, also frailty of the patient is important.
A frail patient <60 years may have a worse
prognosis compared to a non-frail >65 years old.
All factors should indeed be taken into account
when considering an older patient for lung
transplantation. Whether older patients may
benefit more from a single than from a double
lung remains a matter of debate, as there are a lot
of contradictory studies.

(I)  Class I obesity (BMI: 30.0-34.9 kg/m’), particularly
truncal (central) obesity and progressive or severe
malnutrition, with a BMI <14. Although there
is evidence from large databases that as well
overweight as underweight patients suffer from

jtd.amegroups.com 7 Thorac Dis 2017;9(9):3372-3384



Journal of Thoracic Disease, Vol 9, No 9 September 2017

(I1I)

av)

V)

(VD)

a worse survival compared to normal weight
patients (15,16), the debate is still going on. We
have recently investigated the role of BMI on
outcome after lung transplantation in 546 LT
recipients, of which 28% had BMI <18.5 kg/m’.
Underweight resulted in similar survival (P=0.28)
compared to the normal weight group. Significantly
higher mortality was found in overweight
(P=0.016) and obese patients (P=0.031) compared
with the normal-weight group. Subanalysis of
either underweight (P=0.19) or obese COPD
patients (P=0.50) did not reveal worse survival.
In patients with interstitial lung disease, obesity
was associated with increased mortality (P=0.031)
compared to the normal-weight group. In CF
patients, underweight was not associated with a
higher mortality rate (P=0.12) compared to the
normal-weight group (17).

Severe, symptomatic osteoporosis. This might
indeed result in further vertebral fractures that
may compromise breathing, coughing and
rehabilitation after lung transplantation, leading
to a more complicated postoperative course.
Extensive prior chest surgery with lung resection.
This greatly depends on the experience of the
surgeons and the center. In a rather old series
investigating this subject, it was found that in
carefully selected cases, previous thoracic surgery
had no major impact on lung transplantation
outcome. The perioperative risk and the
transfusion requirements were not elevated
compared to patients without previous thoracic
surgery. However, the surgical procedure itself
was more difficult (18).

Mechanical ventilation and/or extracorporeal life
support (ECLS). Nowadays, there is increasing
experience with extra corporeal membrane
oxygenation (ECMO) as a bridge to lung
transplantation; In experienced centers, this has
litle impact on survival, however, patients need to
be carefully evaluated and the center volume seems
very important and does impact on survival (19).
Recently, there is emerging evidence that awakes
ECMO which enables further rehabilitation, may
lead to improved results after lung transplantation,
with a 2-year survival of 81% (20).

Colonization or infection with highly resistant or
highly virulent bacteria, fungi, and certain strains
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of mycobacteria (e.g., chronic extrapulmonary
infection expected to worsen after transplantation).
"This again is highly dependent on the experience
of the center. A classic example is the presence
of Mycobacterium abscessus in CF patients, which
is in some centers an absolute contraindication,
whereas in others it is a relative one (21,22). Patients
who are infected with Burkbolderia cenocepacia or
Burkbolderia gladioli are a particular challenge for
lung transplantation and could be considered for
transplantation if the infection is sufficiently treated
preoperatively and if there is a reasonable expectation
for adequate control postoperatively (23,24).
For patients infected with hepatitis B and/or C, a
lung transplant can be considered when there are
no significant clinical, radiologic, or biochemical
signs of cirrhosis or portal hypertension; moreover,
the patients should be stable on appropriate
therapy. For patients infected with HIV, a lung
transplant can be considered in those with
controlled disease with undetectable HIV-RNA,
and compliant on combined anti-retroviral
therapy (25). In general, patients with these
infections should be evaluated by a transplant
center with significant experience managing these
infections, and patients should be informed of the
increased risk of transplantation.

Atherosclerotic disease burden without end-organ
disease. With regard to coronary artery disease,
some patients will be candidates for percutaneous
coronary intervention or simultaneous coronary
artery bypass graft (CABG). The preoperative
evaluation, type of coronary stent used (bare metal
vs. drug eluting), and degree of coronary artery
disease that is accepted vary among transplant
centers. In our own experience, we treated
23 patients out of a total of 775 isolated lung
transplantation procedures with either one or two
stents (n=20) or simultaneous CABG (n=3). The
survival rates were similar in both groups, illustrating
that preoperative or intraoperative correction of the
coronary stenosis results in a similar outcome as in
patients with no coronary stenosis.

Other medical conditions that have not resulted
in end-stage organ damage, such as diabetes
mellitus, systemic arterial hypertension, epilepsy,
central venous obstruction, peptic ulcer disease,
or gastroesophageal reflux, should be optimally
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Table 1 Calculation of the BODE index (37)
Points on BODE index

Variable

0 1 2 3
FEV,, % pred. >65 50-65 35-49 <35
Dyspnea, MRC 0-1 2 3 4
6 MWD (meters) >350 250-349 150-249 <149
BMI (kg/m?) <21 >21 - -

FEV,, forced expiratory volume in the first second; MRC, medical
research council; MWD, minutes walk distance; BMI, body mass
index.

treated before transplantation. Gastroesophageal
reflux is highly prevalent in lung transplantation
candidates and is often asymptomatic, requiring
invasive testing for diagnosis (26); moreover, in
general, GERD worsens after transplantation (27).
GERD is accepted to be a risk factor for allograft
dysfunction after lung transplantation, especially
acute rejection (28) and bronchiolitis obliterans
syndrome (BOS) (29,30). Treatment may
require surgical intervention, such as a Nissen
fundoplication. Whether a possible treatment
should be performed before or after transplantation,
especially in the prevention of BOS, remains a
matter of debate. Indeed preventive surgery may
lead to a better postoperative FEV,, but does not
necessarily impact on the occurrence of BOS
(31-34). A special consideration is the patients
with scleroderma and esophageal dysfunction/
motility with reflux. Although this condition was
initially regarded as a contra indication for lung
transplantation, at least in some centers, recent
evidence suggests that in selected patients, even
those with gross reflux and esophageal dysfunction,
results are acceptable, with a 5-year survival of
70%. Also, the prevalence of BOS was comparable
to non-scleroderma patients (35).

Specific disease related referral and
transplantation criteria

Because of the existence of a transplantation window, this
means the time between activation on the waiting list and
the transplantation procedure, which varies according to the
underlying condition and per transplant center, it is obvious
that patients need to be referred in time. As a consequence,
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a differentiation has been made between referral criteria for
lung transplantation (meaning at the start of the transplant
window) and transplantation criteria. This difference
between referral and transplantation criteria was first used
in the 2006 guidelines (6), and again in the revised 2014
guidelines (7). This is of utmost importance, since, in
general, the waiting time varies according to the underlying
disease which is an important factor to calculate the lung
allocation score (LAS). Indeed the LLAS, which means the
urgency of a transplantation procedure, is much higher for
a patient with for instance IPF compared to a stable COPD
patient, illustrating that a patient with IPF will have a
shorter waiting time. This all needs to be taken into account
when referring a patient to a local transplant center (36).

Chronic obstructive pulmonary disease and alpbal-
antitrypsin deficiency

COPD remains the most prevalent indication for lung
transplantation, with 36.5% of all procedures being
performed worldwide between Jan 1995 and Jun 2015. Of
these, 57.3% are double lung transplantations (1). Although
COPD should constitute a simple diagnosis, there is much
heterogeneity which makes it often difficult to adhere to
strict transplantation criteria. This is very well illustrated
by the recent 2017 GOLD guidelines, which not only stage
COPD based on FEV, but also on dyspnea, number of
(severe) exacerbations and co morbidities.

In general, prognosis of COPD depends on the severity
of the airway obstruction, breathlessness, number of
exacerbations and functional limitation. This is reflected in
the BODE index, which points to survival rates (Table 1) (37).
Although the BODE index may be used as prognosticator for
COPD patients in general, there is debate whether this can
also be used in selected COPD patients who may qualify for
lung transplantation (38). Indeed, in this latter population,
there is in general less comorbidity, which may impact on
survival. Nevertheless, BODE index has been used in COPD
patients who qualify for lung transplantation and seems
to be a help to identify suitable transplant candidates with
COPD (39,40). A BODE score of 7-10 was associated with a
mortality of 80% at 4 years, whereas a score of 5-6 conferred
a mortality of 60% at 4 years, and proved to be a better
indicator of survival than the spirometric staging system.
Indeed, Lahzami et al. evaluated the role of the BODE score
in lung transplantation for COPD and demonstrated that
most patients with COPD had an individual survival benefit
from lung transplantation regardless of their pre-transplant

7 Thorac Dis 2017;9(9):3372-3384
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Table 2 Referral and transplantation guidelines for COPD (6)

Referral guidelines

Disease progression, despite maximal treatment including
medication, pulmonary rehabilitation, and oxygen therapy

Patient is not a candidate for endoscopic or surgical LVRS.
Simultaneous referral of patients with COPD for both lung
transplant and LVRS evaluation is appropriate

BODE index of 5 to 6
PaCO, >45 mmHg or >6.6 kPa and/or PaO, <60 mmHg or <8 kPa
FEV, <25% predicted
Transplantation guidelines
BODE index =7
FEV, <15% to 20% predicted
Three or more severe exacerbations during the preceding year
One severe exacerbation with acute hypercapnic respiratory failure

Moderate to severe pulmonary hypertension

BODE score, although a global survival benefit was only seen
in patients with a BODE score >7, suggesting that this is the
appropriate population to transplant (41).

Exacerbation frequency and the severity of exacerbations
is also a known prognosticator in COPD; indeed, the
presence of >3 exacerbations/year negatively affects survival
in patients with COPD (42). The increased mortality risk
is independent of the BODE index (43). Acute hypercapnic
respiratory failure increases the in-hospital mortality to
41%, and to a further 43% and 49% after 1 and 2 years in
survivors (44). In another cohort, the 1-year mortality in
patients who needed non-invasive ventilation during an
acute COPD exacerbation was 30% (45). Specific referral
and transplantation guidelines for patients with COPD are
summarized in Table 2.

As already stated in the general indications for lung
transplantation, there should no other treatment option
be available, besides lung transplantation. This off course
includes rehabilitation and also the possibility of lung volume
reduction (LVR), either endoscopically (E) or surgically (S).
According to the NETT trial, patients with an FEV, of less
than 20%, as well as a diffusing capacity of the lungs for
carbon monoxide (D,.,) of less than 20% or homogenous
emphysema, are at high risk for death with LVRS and are
not eligible for this surgical procedure (46). On the other
hand, only a very selected subgroup of patients with upper
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lobe predominant emphysema, poor exercise capacity
and no major contraindication for lung surgery may be
suitable candidates for LVRS. With these restrictions,
LVRS is still rarely performed and research has focused on
bronchoscopic LVR procedures.

One-way endobronchial valve (EBV) placement is
the best studied approach and is targeted to the most
emphysematous destroyed lung lobe. The first trials showed
some benefits on pulmonary function parameters but
the results were considered as not clinically meaningful.
However, post-hoc analyses demonstrated that patients with
an intact interlobular fissure on HRCT scan experienced
the best outcome following EBV implantation (47). The
STELVIO study compared EBV treatment (n=34) versus
standard care (n=34) in a selected group of patients with
severe emphysema and absence of collateral ventilation. In
the intention-to-treat population, a statistical and clinical
significant improvement of FEV, (A140 mL or A17.8%),
forced vital capacity (FVC) (0347 mL or A14.4%) and
6-minute walking distance (6 MWD) (A74 m or A23.3%)
was observed after 6 months. When focusing on the per-
protocol analysis, [intervention (n=25) vs. control (n=33)],
the effect was even larger [+191 mL for FEV, (95% CI,
109-272 mL), + 442 mL for FVC (95% CI, 215-668 mL)]
and +106 m on 6 MW'T (95% CI, 80-133 m) and also
resulted in major changes in quality of life (-14.9 difference
on SGRQ). A similar magnitude of effects was observed
in the standard treatment group that switched to the
intervention after 6 months (46). Moreover, data on patients
in further follow-up (n=40/64) confirmed sustained benefits
with 65%, 63% and 75% responders after 1 year taking into
account the minimal clinical important differences (MCID)
for respectively FEV,, SGRQ and 6 MW'T (48).

In that respect, LVRS or LVRE might deviate some
selected COPD patients from lung transplantation, or on
the other hand may temporarily improve these patients
which may result in better rehabilitation potential and in a
better outcome after a subsequent lung transplantation.

Diffuse parenchymal lung disease (DPLD)

DPLD constitutes about 30-35% of all indications for
lung transplantation, with IPF being the largest indication
amongst all DPLD (1). The other DPLD for which
transplants are also performed include LAM, histiocytosis
X, sarcoidosis, and collagen vascular disease-associated
interstitial lung diseases, such as scleroderma, polymyositis

7 Thorac Dis 2017;9(9):3372-3384
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Table 3 Referral and transplantation guidelines in IPF and other DPLD (6)
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Referral guidelines

Histopathologic or radiographic evidence of UIP or fibrosing NSIP, regardless of lung function

Abnormal lung function: FVC <80% predicted or diffusion capacity of the lung for carbon monoxide (D o) <40% predicted

Any dyspnea or functional limitation attributable to lung disease

Any oxygen requirement, even if only during exertion

For inflammatory ILD, failure to improve dyspnea, oxygen requirement, and/or lung function after a clinically indicated trial of medical

therapy
Transplantation guidelines
Decline in FVC =10% during 6 months of follow-up

Decline in D ¢ 215% during 6 months of follow-up

Desaturation to <88% or distance <250 m on 6-minute walk test or >50 m decline in 6-minute walk distance over a 6-month period

Pulmonary hypertension on right heart catheterization or 2-dimensional echocardiography

Hospitalization because of respiratory decline, pneumothorax, or acute exacerbation

UIP, usual interstitial pneumonitis; NSIP, non-specific interstitial pneumonia; FVC, forced vital capacity; ILD, interstitial lung disease.

and rheumatoid arthritis.

IPF and fibrotic non-specific interstitial pneumonia (NSIP)

Prognostic factors

Over the last years, a great interest has been developed
in IPE, since the introduction of antifibrotic drugs, which
was the first ever treatment for this disease that seemed to
slow its progression and to impact on mortality. Several
guidelines for diagnosis of IPF have been released, mainly
based on radiologic criteria, with an UIP pattern being
associated with a worse prognosis (49,50). It became clear
that the prognosis of IPF is indeed very bad, with a 50%
survival of 2-3 years after the diagnosis (51,52), which is
much worse compared to other DPLD. Several disease
characteristics that have an impact on prognosis have been
identified such as the % pred., FVC at diagnosis, the rate
of decline of FVC over 6 months, the diffusing capacity for
CO and the occurrence of exacerbations (53).

Indeed, Nathan et a/. showed that patients divided by
FVC (mild, 270%; moderate, 55% to 69%; and severe,
<55%) had correspondingly worse median survival of 55.6,
38.7, and 27.4 months, respectively (54). Also, longitudinal
change in FVC has been demonstrated to be a risk factor
for increased mortality in multiple studies, and even
marginal changes in FVC (5% to 10%) over a 6-month
were associated with a higher mortality than in patients
with stable disease (53,55). Furthermore, also D,., was
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significantly associated with survival on multivariate analysis,
with the hazard of death increasing by 4% for every 1%
decrease in D, (56). In longitudinal analysis, a greater than
20% decline in D, at 1 year was found to be significantly
correlated with mortality (57). Acute exacerbations of IPF
precede IPF mortality in up to 50% of the patients and are
associated with a high in-hospital mortality (up to 50%) and
a median survival afterwards of only 3-5 months (58,59).
Pulmonary hypertension is also regarded as a risk factor
for the outcome in patients with IPF with 5-year survival
declining as mean pulmonary arterial pressure rose above
17 mmHg (60).

As a consequence, timely referral of these patients is very
much needed. This is even more of interest as an important
survival benefit after transplantation for IPF has been
demonstrated in several series (53,61). Criteria for referral
and listing are summarized in 7able 3.

For other DPLD (for instance LAM, ILD associated
with collagen vascular diseases), no clear criteria have been
issued so far, but if the pulmonary disease is severe enough
to warrant consideration of lung transplantation and the
lung disease has not responded to appropriate treatment
and there are no extrapulmonary contraindications to
transplantation, it is reasonable to use similar guidelines to
those proposed for IPF (7). For sarcoidosis, patients can be
referred for transplantation if they are at least in New York
Heart Association class III, and should be transplanted if
they meet one of these further criteria:

7 Thorac Dis 2017;9(9):3372-3384
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Table 4 Referral and transplantation guidelines in CF and non-CF bronchiectasis (6)

Referral guidelines

FEV, <30% pred. or a patient with a rapidly falling FEV, despite optimal therapy (particularly in a female patient), infected with NTM or B
cepacia complex (see general indications/contra-indications) and/or with diabetes

A 6-minute walk distance <400 m

Development of pulmonary hypertension in the absence of a hypoxic exacerbation (a systolic PAP >35 mmHg on echocardiography or

mean PAP >25 mmHg measured by right heart catheterization)

Clinical decline characterized by increasing frequency of exacerbations associated with one of the following conditions

An episode of acute respiratory failure requiring non-invasive ventilation

Increasing antibiotic resistance and poor clinical recovery from exacerbations

Worsening nutritional status despite supplementation
Pneumothorax
Life-threatening hemoptysis despite bronchial embolization

Transplantation guidelines

Chronic respiratory failure, either hypoxia alone (PaO, <8 kPa or <60 mmHg) and/or hypercapnia (PaCO, >6.6 kPa or >50 mmHg)

On long-term non-invasive ventilation

Increasing pulmonary hypertension (as defined above)
Frequent hospitalization

Rapid lung function decline (especially in females)

World Health Organization functional class IV

NTM, non-tuberculous mycobacterial; PAP, pulmonary arterial pressure.

(I)  Hypoxemia at rest;

(I)  Pulmonary hypertension;

(ITT)  Elevated right atrial pressure >15 mmHg.

A specific caution for IPF patients on antifibrotic
treatment (pirfenidone of nintedanib) needs to be
mentioned: despite these drugs have an impact on disease
progression, on exacerbation rates and on survival (62-65),
this treatment may not delay referral of IPF patients for
consideration of lung transplantation, but it may buy time
on the waiting list as in some countries wait list mortality
for IPF is still very high, up to >30% (66). On the other
hand, treatment with these drugs has no adverse outcome
after transplantation and does not need to be stopped when
patients are listed (67).

CF and non-CF bronchiectasis

CF is one of the major indications for lung transplantation;
accounting for about 15% of all transplants in 2014 (1).
CF mostly affects younger patients compared to other
diagnosis necessitating lung transplantation. The survival
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is therefore reported to be consistently higher, with a mean
S-year survival of 62.5%, compared to 53.8% for COPD
and 48.5% for idiopathic interstitial diseases (1). In our own
experience, the actuarial 5- and 10-year survival in a cohort
of CF patients transplanted between 2005 and 2015 (n=81)
was 90% and 86% respectively (68).

Non-CF bronchiectasis may have different causes, and
in a recent study, among the 1,258 patients enrolled, an
etiology of bronchiectasis was determined in 60%, including
post-infective (20%), chronic obstructive pulmonary disease
related (15%), connective tissue disease related (10%),
immunodeficiency related (5.8%), and asthma related
(3.3%). In 40% of patients, there was no specific cause
identified (idiopathic bronchiectasis) (68). Although mostly
older than CF patients (mean age 67 years, 58-75 years) (69),
the referral and transplantation criteria are comparable to
CF patients (Zuable 4).

These referral and transplantation criteria are mainly
based on the publication by Kerem ez /. (70). These authors
analyzed mortality predictors in 673 CF patients, and
clearly demonstrated that the prognosis of CF patients is

7 Thorac Dis 2017;9(9):3372-3384
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related to FEV, (<30% pred.), a PaO, <55 mmHg, a PaCO,
>50 mmHg and the BMI. They also concluded that female
patients and younger patients had a worse prognosis (70).
Since the publication of Kerem ez 4/., prognosis of CF
patients has surely improved, but nevertheless, these criteria
are still useable when evaluating a CF patient for possible
transplantation.

Several predictive models for 5-year survival have
been published so far, and although mostly valid in the
tested population, they proved to be wrong in a control
population. This may have to do with local treatment
options and habits.

Special considerations in CF patients

Microbial and fungal colonization of the airways is abundant
in CF patients. As already mentioned in the general contra-
indications section of this chapter, colonization with B.
Cepacia and especially Burkhbolderia cepacia complex (BCC)
or Burkholderia cenocepacia may be a contra-indication for
transplantation in some centers. Indeed, the Newcastle
group recently published their experience with lung
transplantation in CF patients with BCC: of 216 CF
patients transplanted, 22 had BCC of whom 12 Burkbolderia
cenocepacia. Nine Burkbolderia cenocepacia-infected recipients
died within the first year, and 8 sepsis were considered
to be the cause of death. These results lead this group to
further decline patients with pre-transplant colonization
with Burkhbolderia cenocepacia (71), whereas this may be an
acceptable risk for others. Acceptance of such patients for
lung transplantation will thus depend on experience of the
team and initial outcomes with such patients.

On the other hand, CF patients colonized with
Achromobacter xylosoxidans and Stenotrophomonas maltophilia
have similar post-transplant survival as compared to other
CF patients, irrespective of their antibiotic susceptibility
patterns. The presence of these organisms should not
preclude lung transplantation (72).

Colonization of the airways with Mycobacterium abscessus
also leads to conflicting results, with some centers having
good outcome whereas others do regard this colonization
as a contra-indication (see section on general contra-
indications) (21,22).

Colonization with Scedosporium apiospermum may have an
identical impact, with some centers declining such patients
and others accepting them, provided they are actively
treated with azole derivatives and receive lifelong azole
treatment after transplantation when they get colonized (73).
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Some CF patients have overt liver disease, evolving
to cirrhosis, which is recognized as an independent risk
factor for death or lung transplantation. In that case, a
combined liver and lung transplantation procedure can
be performed, with good outcome. We recently reported
our own experience with 11 combined lung and liver
transplantations, of which five patients had CF. The 5-year
patient survival was 90% (8).

Pulmonary arterial hypertension (PAH)

PAH, and more specifically idiopathic PAH (iPAH) and
chronic thromboembolic PAH remain a valid indication
for lung transplantation (1,6). The number of lung
transplantations for these conditions has gradually
decreased, given the better treatment options that have
become available over the last 10 years. Nowadays, <3%
of all indications for lung transplantation are performed in
iPAH and <2% in non-iPAH patients (1). If patients with
PAH fail their usual (triple) treatment regimen (prostanoids,
endothelin receptor antagonists, and phosphodiesterase
inhibitors), they might need a lung transplant. For most
of these patients who can become very debilitated in a
short time, the transplant window is often very short, and
sometimes, they will need a rather urgent transplant. In that
case, the LAS may help to prioritize patients with PAH for
transplantation, as has recently been shown in Germany.
Indeed, patients with PAH had a mean LAS score of 53,
which was even higher than for the IPF patients (74).

Several risk factors for worse outcome have been
identified in PAH, such as the etiology of the PAH, male
sex, older age, worse functional class, 6-minute walking
distance, hemodynamic parameters, BNP and N'T-proBNP
values, etc. (75,76). These and other risk factors are used
in the REVEAL scoring system, which is a quantitative
equation for predicting survival and was prospectively
validated in a cohort of newly diagnosed PAH patients from
the REVEAL registry (77). Referral and transplantation
guidelines are summarized in Table 5.

Conclusions

Guidelines for referral and transplantation are only
guidelines and not an exact science. These guidelines give
an idea when to think about lung transplantation and serve
to refer a patient in time for transplantation. Of course,
difficult situations remain and will not be solved by these
guidelines. In general, we always ask our referring physicians
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Table 5 Referral and transplantation guidelines in PAH (6)
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Referral guidelines

NYHA functional class Ill or IV symptoms during escalating therapy

Rapidly progressive disease (assuming weight and rehabilitation concerns not present)

Use of parenteral targeted PAH therapy regardless of symptoms or NYHA functional class

Known or suspected pulmonary veno-occlusive disease or pulmonary capillary hemangiomatosis

Transplantation guidelines

NYHA functional class Ill or IV despite a trial of at least 3 months of combination therapy including prostanoids

Cardiac index of O, liters/min/m?
Mean right atrial pressure of >15 mmHg

6-minute walk test of <350 m

Development of significant hemoptysis, pericardial effusion, or signs of progressive right heart failure (renal insufficiency, increasing

bilirubin, brain natriuretic peptide, or recurrent ascites).

to discuss every potential lung transplant candidate with
the transplant center before referral. Also, a lot of decisions
will depend upon the local waiting list, waiting times and
outcomes of lung transplantation in a specific center. This is
especially the case in so called difficult indications for lung
transplantation (colonization with highly resistant bacteria,
as discussed under CF, patients with scleroderma and severe
reflux/dysmotility of the esophagus, etc.), which always need
to be discussed with the transplant center before taking any
decision.
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