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Abstract: Lung transplantation is a valuable therapeutic option for many patients with severe lung disease
who have exhausted other medical or surgical therapies. However, since lungs are not a manufacturable organ
like artificial heart valves or left ventricular assist devices, and since they are a limited resource compared to
number of patients requiring the organs, the Department of Health and Human Services set the Final Rule
of organ allocation in 1998. This led to development and implementation of Lung Allocation Score (LAS)
in 2005. The score broadly divides lung diseases into 4 diagnostic criteria with a coefficient factor given to
each category. The score is based on the prognostic factors of each patient to determine the risk of mortality
without a transplant combined with the probability of patient survival post-transplant. Most of the guidelines
for “Indications for referral and listing in lung transplant” is based on consensus opinion as there is limited
amount of robust data and trials about this topic. The International Society for Heart and Lung Transplant
(ISHLT) has published three editions for candidate selection and listing. In this article, we have attempted
to highlight the guidelines and incorporated other disease specific prognostic factors that are not captured
in the LAS. Ultimately, there are other factors like geographic location, height, blood group, preformed
antibodies, transplant center experience, past wait times and transplant rate, availability of organs, etc.,
which also play a role especially when considering listing a patient for lung transplant. We also highlighted
a representative disease in each category and most criteria for that disease will apply to other diseases in
that category. Finally, this article does not delve into the history and reasoning behind each guideline but is

meant to provide a general overview of indications and contraindications applicable in the field of adult lung

transplantation.
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Introduction

Since the introduction of successful lung transplant in
the early 1980%, the field of lung transplantation has seen
considerable improvement in terms of candidate selection,
management and outcomes. The selection process of
appropriate candidates is a meticulous one. Identifying
the patients who will have a clear survival benefit is one
of the challenging aspects of lung transplant. Prior to
2005, lungs were allocated based solely on time on waiting
list. This was unfavorable to patients with more rapidly
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progressing disease like idiopathic pulmonary fibrosis (IPF)
who had higher mortality while waiting for transplant.
The Department of Health and Human Services published
the “Final Rule” In 1998 which directed the Organ
Procurement Transplant Network (OPTN) to formulate
policies to ensure (I) broader sharing of organs, (II) reducing
the use of waiting time as an allocation criterion, and (III)
equitable organ allocation using objective medical criteria
and medical urgency for allocation (1). Because of the
Final Rule, the Lung Allocation Score (LAS) was created
and implemented in 2005. The International Society for

7 Thorac Dis 2019;11(Suppl 14):S1708-S1720 | http://dx.doi.org/10.21037/jtd.2019.05.09


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2019.05.09

Journal of Thoracic Disease, Vol 11, Suppl 14 September 2019

Heart and Lung Transplantation (ISHLT) has published
several consensus statements/guidelines on the selection
and listing criteria for lung transplant in 1998, 2006 and
2015 (2-4). Despite the growing body of scientific evidence,
these statements remain largely based on expert opinion,
and are subject to change in light of emerging evidence.
The LAS serves to prioritize lung transplant candidates
based on waitlist mortality and post-transplant survival by
creating a model, which is supposed to reflect a net gained
post-transplant survival. In the LAS, lung disease diagnoses
are divided into four main categories: (A) obstructive lung
disease (chronic obstructive pulmonary disease or COPD);
(B) pulmonary vascular disease (idiopathic pulmonary
arterial hypertension or IPAH); (C) infectious lung disease
[eystic fibrosis (CF)]; and (D) restrictive lung diseases (IPF).
We herein review the most common indications for lung
transplant referral and listing in each of these categories,
represented by one disease for each category. We will
also discuss other factors in the prognostication of some
diseases and their potential impact on prioritization of lung
transplant recipients.

When to consider lung transplant

Generally, lung transplant is considered as a last resort
treatment modality for patients with progressive lung
disease who have exhausted medical and surgical treatment.
The ISHLT specifies that patients with chronic end stage
lung conditions who have a high (>50%) 2-year mortality
risk without a lung transplant, along with a high likelihood
(>80%) of short-term and long-term survival provided
adequate graft survival is present, are acceptable candidates
for consideration of lung transplant (2). It is important to
note that referral and listing for lung transplant are two
different entities. The ISHL'T' recommends early referral to
a transplant center for progressive lung diseases that have a
projected poor prognosis. Referral means that a patient has
met the minimal clinical criteria and further consideration
towards lung transplant should be considered in the absence
of any absolute contraindications. Listing, on the other
hand, requires a thorough evaluation and careful risk-to-
benefit assessment. In general, listing a patient for lung
transplant is thought to be an explicit acknowledgment that
a patient has limited life expectancy without lung transplant
and the odds of survival are better with lung transplant.
There are controversies regarding whether the previous
statement holds true in all circumstances, especially in
timing of listing for diseases like COPD wherein lung
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transplantation may provide an improved quality of life but
not necessarily a longevity benefit for everyone.

How are lungs allocated? The LAS

Prior to the development of the LAS, donor lungs were
allocated based on ABO match and the time accumulated
on the transplant waitlist. This practice was associated
with high waitlist mortality, particularly in subgroups like
IPF (5). The initial lung allocation criteria remained largely
unchanged until the late 1990’ when the “Final Rule” was
published by the US. Department of Health and Human
Services (6). The goal of “The Final Rule” was to reduce
waitlist mortality by emphasizing on broader sharing of
organs and abandoning the use of waiting time as the sole
allocation criterion. Instead, there was a trend toward the
utilization of objective medical data and prioritization of
candidates based on medical urgency. This ultimately led to
the development of the LAS, which was first implemented
in May 2005 and is still in use today. The goal of the
LAS is to offer transplant to patients with higher risk of
waitlist mortality while ensuring a clear survival benefit
after transplant. It aims to achieve that by incorporating
diagnostic and prognostic factors into a predictive module
of waitlist mortality and weighs it against projected post-
transplant survival (7able 1). For example, if two patients
have a similar calculated waitlist mortality, the LAS is
designed in a way that will prioritize lung allocation to the
patient with the highest predicted post-transplant survival.
The LAS was designed to be evaluated and upgraded
periodically, and few additions were implemented since its
development (7). The use of LAS had a significant impact
on lung transplantation practices—particularly in reducing
waitlist mortality, increasing number of transplants
performed, and favoring patients with a higher waitlist
mortality (8).

Transplant statistics

Over the last 3 decades, there has been a significant increase
in the number of lung transplants performed, with the
main trend seen in adult bilateral lung transplant. A recent
report by the registry of ISHLT listed all lung transplants
performed between 1995 and 2015. The most common
indications consisted of COPD (36.5%), interstitial lung
disease (ILD) (29.7%), and bronchiectasis (18.5%) (9).
Of these three broad categories, COPD without alpha-1
antitrypsin deficiency, idiopathic interstitial pneumonia
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Table 1 Factors included in the Lung Allocation Score
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Table 2 Contraindications to lung transplant

Age

BMI

Lung diagnosis group
Functional status
Presence of DM

Assisted ventilation
Supplemental oxygen
Predicted FVC percentage
6MWD

Pulmonary artery pressure, systolic
mPAP

CVP

Cl

PCO,

Serum creatinine

Total bilirubin

BMI, body mass index; DM, diabetes mellitus; FVC, forced
vital capacity; 6BMWD, six-minute walk distance; mPAP, mean
pulmonary arterial hypertension; CVP, central venous pressure;
Cl, cardiac index; PCO,, partial pressure of carbon dioxide.

Other: 10.9%

PAH: 4.4%—_

COPD: 36.5%

ILD: 29.7%

Bronchiectasis: 18.5%

Figure 1 Primary indications for adult lung transplant between
January 1995 and June 2015. COPD, chronic obstructive
pulmonary disease; ILD, interstitial lung disease; PAH, pulmonary

arterial hypertension.

(IIP), and CF comprised the bulk of lung transplant,
respectively (Figure I).

Contraindications to lung transplant

Given the high risk and complexity of lung transplant,
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Absolute

Any untreatable malignancy, end-organ dysfunction, active
infection, bleeding diathesis or significant coronary artery
disease not amenable to revascularization

BMI =35 kg/m®

Non-adherence to therapy

Substance abuse

Poor social support
Relative

General: age >65, class | obesity (BMI 30-34.9 kg/m?), severe
malnutrition

Medical: Severe osteoporosis, prolonged IMV, ECLS, HIV,
hepatitis B, C or infection with any highly virulent organism

Surgical: Pleurodesis or prior cardiothoracic surgery

BMI, body mass index; IMV, invasive mechanical ventilation;
ECLS, Extracorporeal Life Support system.

careful assessment of potential contraindications should
be made. The most recent ISHL'T guidelines cites several
absolute contraindications for lung transplant (2). These
generally encompass conditions that are either untreatable
or are associated with higher mortality. However, different
centers vary in their definition of what constitutes an
absolute contraindication. Generally, the presence a medical
condition that is not amenable to treatment, including
malignancy, organ dysfunction, coronary artery disease,
active mycobacterium tuberculosis infection, or bleeding
diathesis are considered absolute contraindications. Other
absolute contraindications include obesity [body mass index
(BMI) >35 kg/m’], and psychosocial factors resulting in
persistent non-adherence to medical therapy, medical care,
poor social support, or substance abuse (see Table 2).

Relative contraindications

The ISHLT also identified several relative contraindications
for lung transplant, many that are potentially reversible
and thus require individual assessment (2). These can be
categorized into general, medical, and surgical.

General
These include:
(I Age >65 years;
(I) Class I obesity (BMI 30-34.9 kg/m”);
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(III) Severe malnutrition.

Most centers do transplant patients up to the age of 70
and some even above 70 years of age. These patients are
usually in acceptable functional status and have minimal
medical and surgical comorbidities or contraindications.
BMI >35 kg/m’ (particularly truncal obesity) has been
to show be associated with nearly 2-fold increased
mortality (10). Obesity and underweight (BMI <18 kg/m’)
are associated with an increased risk of death after lung
transplantation. More recent data have not found class I
obesity to be a significant risk factor for higher mortality
but most centers recommend potential candidates to strive
to achieve a goal BMI <30 kg/m’. BMI is widely used to
measure the burden of adiposity since it is a cheap and
readily available tool, but a more comprehensive method
to quantify both adiposity and sarcopenia would better
serve in identifying patients at risk for worse perioperative

outcomes.

Medical
These include:

(I) Severe symptomatic osteoporosis;

(II) Prolonged mechanical ventilation;

(III) Extracorporeal Life Support system (ECLS);

(IV) Infection with highly virulent and resistant
organisms;

(V) HIV, hepatitis B, hepatitis C;

(VI) Medical comorbidities that are poorly controlled
or expected to significantly get worse and result
in end stage organ damage (diabetes mellitus,
hypertension, coronary artery disease, etc.).

The presence of severe osteoporosis is usually detected
by DEXA scan. Corresponding symptoms are related to
multple vertebral or hip fractures and the presence of the
fractures prior to transplant are troublesome as they can
be very disabling. Osteoporosis is usually expected to get
worse after lung transplant due to immune suppressive
medications. Carefully selected candidates on mechanical
ventilation, ECLS can be successfully taken to transplant
with reasonable expected outcomes. Such candidates are
younger with good potential for rehabilitation and the
absence of multiple organ dysfunction. Similarly, patients
with HIV, hepatitis B and hepatitis C infections who have
no detectable viral load, end organ damage and otherwise
meet criteria for transplant can be candidates for transplant.

Surgical

Surgical contraindications mainly include pleurodesis or
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prior cardiothoracic surgery.

Prior cardiothoracic surgery is not a contraindication
to lung transplantation. However, it does pose an
increased risk of perioperative bleeding, increased need
for transfusions and possible renal dysfunction. In many
patients, video-assisted thoracoscopic surgery (VATS)
and biopsy, chest tube insertion without pleurodesis are
not significant contraindications. Extensive prior thoracic
surgery, pleurodesis (chemical or surgical) and any prior
radiation treatment causing pulmonary fibrosis could pose
significant risk of perioperative complications (11). In well-
selected patients, if the perioperative complications are
minimal, there are no significant differences in medium
and long-term outcomes. The combination of older age,
pulmonary hypertension and prior pleural procedures pose
a higher risk of perioperative complications and should
be taken into account prior to selection of the candidate.
The patients with pneumothorax who may be a future
transplant candidate should be managed without significant
difference from the usual care. Routine chest tube insertion
and conservative management usually does not affect future
acceptance for transplant.

Disease specific indications for referral and
listing

Group A: obstructive lung diseases

The diseases included in this group A (1):
% COPD;
% Alpha-1 antitrypsin deficiency;
% Lymphangioleiomyomatosis (LAM);
% Sarcoidosis with mean pulmonary artery pressure
<30 mmHg;
% Bronchiectasis including primary ciliary dyskinesia.

COPD
COPD is the most common indication for lung transplant
worldwide, accounting for more than one third of all lung
transplants between 1995 and 2013 (9). Several factors
play into the decision to refer COPD patients for lung
transplant, the most important of which are indicators of
worsening functional status and spirometry. The indications
for lung transplant referral and listing in COPD patients
are summarized in Tible 3.

Compared to other chronic lung diseases, COPD poses
a unique challenge for lung transplant. The goal in every
candidate is to identify a time in the course of the disease
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Table 3 Indications for referral and listing for COPD

Referral
Progressive disease despite optimal medical treatment
Not a candidate for LVRS
BODE 5-6
PaCO, >50 or PaO, <60
FEV, <25% predicted
Listing
BODE >7
FEV,<15-20% predicted
>3 exacerbations during the preceding year
1 severe exacerbation with acute hypercapnic respiratory failure

Moderate to severe PH

COPD, chronic obstructive pulmonary disease; LVRS, Lung
Volume Reduction Surgery; BODE, body mass index, airflow
obstruction, dyspnea and exercise capacity index; PaCO,,
partial pressure of carbon dioxide; FEV,: forced expiratory
volume in 1 second; PH, pulmonary hypertension.

Table 4 Mortality risk factors in COPD

Hypocapnia

Older age

Lower hemoglobin

Increasing residual volume

Lower zone predominant emphysema
Lower total lung capacity

Left heart failure

COPD, chronic obstructive pulmonary disease.

when the patient is most likely to have a net survival benefit
from lung transplant. This proves to be more challenging
in COPD for several reasons. First, due to the chronicity
and protracted course of COPD, patients may tend to live
beyond the median post-transplant survival. Second, the
LAS is designed to identify and prioritize patients with
shorter survival. This means that COPD patients listed for
lung transplant will end up having lower LAS and longer
waitlist times. This, in turn, will lead to disease progression,
physical deconditioning and ultimately, higher risk for worse

post-transplant outcomes. This is probably accountable for
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the drop of the percentage of lung transplant in COPD in
the period between 1999 and 2014 (9). This highlights the
need to consider other mortality predictors for COPD in
the evaluation of patients who are being evaluated for lung
transplant (7able 4). Traditionally, the degree of airflow
obstruction, measured by the forced expiratory volume in
one second (FEV)) has been used as the main predictor of
mortality (12). This practice has been challenged later on
by several studies that do not show a strong correlation (13).
Moreover, emerging evidence has shown other parameters
associated with increased mortality in this patient population.
Other factors that portend a worse prognosis in COPD
include frequency and severity of exacerbations (14), residual
volume (RV), predominant emphysema in lower lung zones,
and hypocapnia (15). In addition, several cardiopulmonary
exercise testing (CPET) parameters like lower maximal
workload, peak oxygen uptake, sympathetic over activity,
and progressive respiratory acidosis at low intensity exercise
have been identified as strong predictors of mortality as well
(15-17). These factors are currently not included in LAS or
the usual indications for lung transplant referral or listing.
In addition, the severity and frequency of exacerbations
independent of severity of disease based on BMI, airflow
obstruction, dyspnea and exercise capacity (BODE) index
or FEV, portends an increased mortality risk (14,18).
Furthermore, each episode of acute hypercapnic respiratory
failure has a high inpatient mortality and this risk is
persistent in the next few years after the exacerbation (19).
Patients who meet criteria for lung volume reduction
surgery (LVRS) can be referred to surgery and/or lung
transplant at the same time. LVRS has been associated
with improved exercise capacity without a clear survival
benefit, except for patients with predominantly upper
lobe emphysema and low baseline exercise capacity (20).
One study found no difference in outcomes in patients
who met criteria for LVRS and underwent LVRS followed
by lung transplant for ongoing symptoms, with the
median time between LVRS and lung transplant being
33 months (21). Persistent or worsening dyspnea,
increase in BODE or modified BODE score of more
than 1 at 6 months post-LVRS are likely to have worse
outcomes and could be considered candidates for lung
transplantation (22). A decrease in score or less than one
index increase was associated with lower mortality after
LVRS. Likewise, bronchoscopic lung volume reduction
with FDA approved valves could be considered as a bridge
to transplant in the appropriately selected patients (23,24).
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Table 5 Indications for lung transplant referral and listing in
pulmonary vascular disease

Referral
NYHA class IlI-IV symptoms during escalating therapy
Rapidly progressive disease
Use of parenteral targeted PAH therapy

Known or suspected PVOD or pulmonary capillary
hemangiomatosis

Listing

NYHA class II-IV despite at least 3-month combination therapy
including prostanoids

Cl <2 L/min/m?
mRAP >15 mmHg
6MWD <350 m

Significant hemoptysis, pericardial effusion, or progressive RHF

NYHA, New York Heart Association; PAH, pulmonary arterial
hypertension; PVOD, pulmonary veno-occlusive disease;
Cl, cardiac index; mRAP, mean right atrial pressure; 6MWD,
six-minute walk distance; RHF, right heart failure.

Group B: pulmonary vascular disease

The diseases included in this group B (1):
% Idiopathic or primary pulmonary arterial hypertension;
% Eisenmenger’s syndrome;
% Chronic thromboembolic disease related pulmonary
hypertension;
% Pulmonary veno-occlusive disease.

IPAH

The number of lung transplants for pulmonary arterial
hypertension (PAH) has seen a decrease over the last two
decades (9), and this is largely due to the improved survival
with medical therapy for PAH (25,26). Lung transplant
is nowadays indicated for patients who show evidence of
persistent deterioration despite aggressive and optimized
medical treatment. Most centers perform just lung
transplant alone in comparison to heart-lung transplant
in the past for IPAH. The indications for lung transplant
referral and listing in pulmonary vascular disease are
summarized in Table 5.

Despite improvements in targeted medical therapy, PAH
still has a relatively poor prognosis. The timing for referral
in PAH patients remains a challenge, and the window
of transplant can be narrow. In addition, patients with
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pulmonary hypertension have higher rates of perioperative
complications, manifested by higher rates of primary graft
dysfunction (PGD) and right ventricular failure (9,27,28).
There has been persistent evidence of an association
between pulmonary arterial pressure (PAP), recipient BMI,
female sex, and the rates of post-operative PGD (27,29).
The use of cardiopulmonary bypass has also been associated
with increased risk for PGD. This poses yet another
challenge since many patients who deteriorate rapidly
require bridging strategies. There seems to be emerging
evidence that an application of prolonged perioperative
strategy of extracorporeal membrane oxygenation (ECMO)
may be associated with improved outcomes (30,31).

The Registry to Evaluate Early and Long-term PAH
Disease Management (REVEAL) report identified and
confirmed several risk factors associated with higher
mortality. These are listed in Table 6 (32). Other factors
associated with poor prognosis found in other studies are
also listed in Table 6 (33-36). Heart rate recovery-1 (HRR1)
is defined as the difference in heart rate at end of 6-minute
walk test (6MW'T) and 1-minute post-resting after the test.
A difference greater than 16 was found to carry a worse
prognosis (37) (Table 6).

Group C: infectious lung disease

The diseases included in this group C (1):
< CF;

% Immune deficiency syndromes like IgG deficiency.

CF

Despite the significantly improved survival in CF over
the last decades (38), many patients continue to have
progressive disease and require lung transplant. Compared
to other indications for lung transplant, the 5-year lung
transplant survival rates in CF are significantly better (9).
This is largely due to the younger age of CF patients at the
time of transplant. In addition, studies report improved
quality of life among transplant recipients for CF (39,40).
The indications for lung transplant referral and listing are
summarized in Table 7.

In patients who meet criteria for referral, a careful
assessment should be made to determine their predicted
survival and timing of transplant, which is not clearly
demarcated. Several factors have been associated with
increased mortality in CF patients, the most useful of which
has been the FEV, as a surrogate for disease progression
and mortality. In earlier studies, an FEV, <30% has been
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Table 6 Mortality risk factors in IPAH

Men >60 years of age

Evidence of right heart failure (elevated BNP, increased mean
right atrial pressure and increased PVR, elevated troponin)

WHO functional class llI-IV
Family history of IPAH
All-cause hospitalizations within the last 6 months

PAH associated with portal hypertension (PoPH) or scleroderma
and CTD

Hyponatremia
Serum bilirubin level

Unchanged or increased serum bilirubin level despite medical
therapy

Renal insufficiency

Pericardial effusion

Resting systolic BP <110 mmHg
Resting hear rate >92 beats per minutes

Six-minute walk distance (6MWD) <166 m
(6MWD >440 m—better survival)

Low diffusing capacity

Heart rate recovery <16

IPAH, idiopathic pulmonary arterial hypertension; BNP, brain
natriuretic peptide; PVR, pulmonary vascular resistance;
WHO, World Health Organization; PAH, pulmonary arterial
hypertension; PoPH, portopulmonary hypertension; CTD,
connective tissue disease; BP, blood pressure.

associated with a 2-year mortality rate of approximately
50% (2,41), while later studies report the rate of decline
in FEV, to be a more reliable predictor of mortality in CF
(42,43). Other factors associated with increased mortality
include female sex (41), shorter height (44), hypercapnia,
pulmonary hypertension (45-47), pneumothorax (48), and
shorter 6MWD (49) (see Table §). In an attempt to come up
with a mortality predictive model for CF, Mayer-Hamblett
et al. incorporated several variables that were found to be
associated mortality, including age, height, FEV, respiratory
microbiology, hospitalizations into a 2-year mortality
predictive model. However, similar to FEV/, this was shown
to have a low positive predictive value of 33% (50).
Infections in CF patients and their impact on lung
transplantation

The most common bacteria found in the airways of CF
patients are Staphylococcus and Pseudomonas. The resistance
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Table 7 ISHLT indications for lung transplant referral and listing
in cystic fibrosis

Referral
FEV, <30%

Patient with advanced disease and rapidly falling FEV, despite
optimal treatment, especially female patients infected with NTM
or BCC

6MWD <400 m
PH in absence of hypoxic exacerbation
Increased frequency of exacerbations with:
ARF requiring NIV
Increased antibiotic resistance and poor clinical recovery
Pneumothorax
Worsening nutritional status
Life threatening hemoptysis despite bronchial embolization
Listing
Chronic respiratory failure
With hypoxia PaO, <60 mmHg
With hypercapnia PaCO, >50 mmHg
Long-term NIV therapy
PH
Frequent hospitalizations
Rapid lung function decline

WHO functional class IV

FEV;, forced expiratory volume in 1 second; NTM, non-tuberculous
mycobacteria; BCC, Burkholderia cepacia complex; 6MWD,
six-minute walk distance; PH, pulmonary hypertension; ARF,
acute respiratory failure; NIV, noninvasive ventilation; PaO,, partial
pressure of oxygen; PaCO,, partial pressure of carbon dioxide; PH,
pulmonary hypertension; WHO, World Health Organization.

patterns of these organisms largely do not preclude patients
from consideration for lung transplantation. All CF patients
should be screened for non-tuberculous mycobacteria,
Burkhbolderia cepacia (B. cepacia) complex and fungal
organisms. CF patients who are infected with B. cepacia
complex have been shown to have a more rapid decline
in FEV,, higher pre-transplant and even post-transplant
mortality (51-55). Notably the species Burkholderia
cenocepacia (B. cenocepacia) has been a problematic infection
both pre- and post-lung transplant. While there are few
centers who have transplanted patients with B. cenocepacia,
the overall survival in this cohort is lower than the other
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Table 8 Mortality risk factors in cystic fibrosis
Low FEV,

Female sex

Shorter height
Hypercapnia

Pulmonary hypertension
Pneumothorax

Shorter 6MWD

Burkholderia cepacia infection

FEV,, forced expiratory volume in 1 second; 6MWD, six-minute
walk distance.

Table 9 Indications for lung transplant referral and listing in ILD

Referral
Evidence of UIP or NSIP
FVC <40% predicted
Dyspnea or functional limitation
Any O, (oxygen) requirement

For inflammatory ILD, failure in improvement of dyspnea, O,
requirement, or PFTs after medical therapy

Listing

>10% decline in FVC, or =15% decline in DLCO on a 6-month
follow-up

SPO, (oxygen saturation) <88%, 6MWD <250 m
50 m decline in BMWD in a 6-month follow-up
Pulmonary hypertension

Hospitalization due to respiratory decline, pneumothorax, or
acute exacerbation

UIP, usual interstitial pneumonia; NSIP, nonspecific interstitial
pneumonia; FVC, forced vital capacity; ILD, interstitial lung
disease; PFT, pulmonary function test; DLCO, diffusing capacity
of carbon monoxide; MWD, six-minute walk distance.

CF patients at the same center (56). Most centers do not
consider accepting CF patients with B. cenocepacia infection.
The current ISHLT guidelines recommend that all patients
referred for lung transplant should be tested for B. cepacia.
While infection with B. cenocepacia does not constitute an
absolute contraindication, the ISHLT recommends that
centers accepting these cases to have the resources necessary
to test methods for controlling and preventing recurrent
disease (2).
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Non-tuberculosis mycobacteria are found in approximately
10-20% of the CF patients in sputum cultures (57). The
predominant species include Mycobacterium avium complex
and Mycobacterium abscessus. Disseminated and untreated
infections in CF patients make them ineligible for transplant
in many centers. Mycobacterium abscessus can be problematic
with persistent, recurrent and difficult to eradicate soft
tissue and mediastinal infections despite optimal surgical
and medical treatment. Many centers do not consider
transplant in patients with Mycobacterium abscessus infection
but it is not an absolute contraindication and there are
centers that have transplanted with acceptable or comparable
outcomes (58). Outcomes are considered to be more
favorable in patients with non-disseminated infections
who demonstrate a favorable susceptibility pattern and an
improvement with treatment. Monthly respiratory cultures
are needed for monitoring response to therapy.

Group D: restrictive lung disease

The diseases included in this group D (1):
% IPF;
% Eosinophilic granulomatosis;
% Sarcoidosis with mean pulmonary artery pressure
>30 mmHg;
% Scleroderma/CREST syndrome;
¢ Bronchoalveolar carcinoma;
% Bronchiolitis obliterans syndrome (BOS) following
lung transplant;
% Primary graft failure following lung transplant.

IPF

IPF is a rapidly progressive disease with a median survival
of 2-3 years from the time of diagnosis and a 5-year survival
of about 25% (59,60). IPF is the most common subtype of
ILD and has been associated with worse outcomes when
compared to other forms of ILD (61). Other ILD that may
carry a similar course as IPF include fibrotic non-specific
interstitial pneumonia (NSIP), progressive ILDs refractory
to immunomodulation therapy. The current lung transplant
indications for referral and listing in ILDs are summarized
in Table 9.

The high mortality in IPF, along with the
implementation of the LAS has been responsible for
the dramatic increase in the number of lung transplant
recipients with IPF over the last two decades, and warrants
earlier referral for lung transplant evaluation (4). Despite
FDA approval of the anti-fibrotic agents nintedanib and
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Table 10 Risk factors for mortality in IPF

Low baseline SpO,

Increase in desaturation during six-minute walk test
FVC decline >10% in 6 months

Decrease in DLCO >15% in 6 months

Decrease in 6MWD >200 feet in 6 months

Elevated PAP

dyspnea severity

Higher Gender-Age-Physiology (GAP) stage

SpO,, oxygen saturation; 6BMWD, six-minute walk distance; FVC,
forced vital capacity; PAP, pulmonary arterial pressure; DLCO,
diffusing capacity of carbon monoxide.

pirfenidone, no medical therapy has been shown to have a
clearly established impact on mortality (62). However, few
recent studies have shown improved overall survival with
these drugs (63,64). With the availability and use of these
drugs, it may be possible to extend the “transplant window”
in certain subgroups of this cohort.

Relative to COPD, mortality predictors in IPF have been
well studied, and a variety of mortality prediction models
that include age, sex, BMI, forced vital capacity (FVC),
FEV,/FVC ratio, diffusing capacity of carbon monoxide
(DLCO), 6MWD, dyspnea severity, and Gender-Age-
Physiology (GAP) stage, have been established (65-70) (see
Table 10). However, these variables do not reliably predict
the risk of disease progression. Recent evidence highlights a
stepwise rather than linear progression in IPF, with several
studies showing that changes in FVC, dyspnea scores and
6MWT are not necessarily associated with changes in the
future (71-73). This may have important future implications
on selection of patients with IPF for lung transplant. Given
the high unpredictability of IPF progression, there has
been interest in recent years in identifying biomarkers that
could predict disease progression. In a study by Prasse
et al., CCL18, a biomarker that was shown abundant
production in alveolar macrophages, was found to correlate
to pulmonary fibrotic activity, disease progression, and
mortality (74,75). However, in a recent prospective, case-
controlled multicenter study by Raghu et /., CCL18
was associated with IPF but did not predict disease
progression (76). As of now, there are no biomarkers that
have been conclusively shown to have a correlation with
disease progression or mortality. A clinical risk-scoring
model using age, respiratory hospitalizations, and percent
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predicted FVC, and a 24-week change in FVC seemed to
produce 1-year mortality results consistent with observed
data (43).

Connective tissue disease related ILD (CTD-ILD) are
usually more slowly progressive and more responsive to
immunomodulatory therapies. It is important to consider
the potential side effects of therapies especially if being
considered in patients with severe lung disease and are
or approaching the transplant window. Survival after
transplant in CTD-ILD patients was similar to patients who
lung transplant for IPAH or IPF irrespective of the type
of ILD (9).

Multi organ transplant

Most of the patients who require multi-organ transplant
usually fall in to one of the following two categories: (I)
patients with more than one end stage organ dysfunctions
who meet criteria for each organ transplantation
independently or, (II) if a post-transplant organ (non-
transplanted organ) dysfunction would be anticipated
if the patient were to receive either single organ alone.
Candidates for multi-organ transplants are usually less
than 60 years of age.

Heart-lung transplantation

Currently, there are very few centers doing heart-lung
transplants and there are less than a hundred heart-lung
transplants done per year worldwide. Previously, the
survival of heart-lung transplant was inferior to bilateral
lung transplant only, but in the most recent cohort, it was
at least similar and patients who survived the first year
had better long-term survival (9). The most common
indication of heart lung transplant in the past was IPAH but
in the last decade, complex congenital heart disease with
Eisenmenger’s syndrome is a more common indication.
Other indications for heart-lung transplant include end
stage lung disease with decreased left ventricular ejection
fraction combined with low cardiac index, fibrosis or
infarction on the right ventricle with failure seen on
imaging, sarcoidosis with involvement of both the heart
and lung to a significant degree and finally for patients with
cardiomyopathy who have a residual increased pulmonary
vascular resistance despite adequate medical or surgical
treatment (typically assist device) (77). End stage lung
disease with patients with cardiac lesions like valvular
abnormalities, coronary lesions, repairable congenital
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defects usually are candidates for bilateral lung transplant
with corrective surgery provided adequate cardiac function
is present and expected to continue unaffected (78). In
addition, time to bilateral lung transplant are shorter
compared to heart-lung transplant. This is secondary to
allocation policies in the United States (7)

Lung and abdominal organ transplant

Survival outcomes following combined organ transplant
are better than lung transplant alone but are worse than
abdominal organ survival independently (79). The most
common combined organ transplant is usually lung
and kidney but in most scenarios, it is not performed
simultaneously (most commonly the kidney transplant is
done following lung transplant). These are largely cases
of end stage kidney failure secondary to chronic use of
immunosuppressive medications (primarily calcineurin
inhibitors). Kidney dysfunction following lung transplant
is one of the most significant risk factors for poor survival
outcomes.

Lung-liver transplants are mostly done for the same
disease process such as CF or alpha-1 antitrypsin deficiency
affecting both the lung and liver. However, it is also done in
end stage lung disease patients with biopsy proven cirrhosis
and high portal gradient in carefully selected patients.

Conclusions

Lung transplantation continues to be a crucial treatment
modality for end stage lung disease. Over the last decades,
significant improvements have been made to the process
of lung procurement and allocation, preservation,
surgical techniques and medical advancement resulting
in significant decrease in waitlist mortality, improved
outcomes, and increase in the number of transplant
procedures. Despite these developments, the current
guidelines for lung transplant referral and listing remain
largely dependent on expert opinion. There is a continued
trend toward adopting a more personalized approach that
emphasizes the unique individual’s disease-specific survival
predictors when evaluating lung transplant candidates that
will result in further advancements in the field of lung
transplant.
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