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Abstract

Rationale: In the United States, donor lungs are allocated to
transplant candidates on the basis of lung allocation scores (LAS).
However, additional factors beyond the LAS can impact who is
transplanted, including listing and donor–organ acceptance
practices. These factors can result in differential selection,
undermining the objectivity of lung allocation. Yet their impact
on the lung transplant pathway has been underexplored.

Objectives: We sought to systematically examine sources of
differential selection in lung transplantation via qualitative
methods.

Methods: We conducted semistructured qualitative interviews
with lung transplant surgeons and pulmonologists in the United
States between June 2019 and June 2020 to understand clinician
perspectives on differential selection in lung transplantation and
the LAS.

Results: A total of 51 respondents (30 surgeons and 21
pulmonologists) identified many sources of differential selection
arising throughout the pathway from referral to transplantation.
We synthesized these sources into a conceptual model with
five themes: 1) transplant center’s degree of risk tolerance
and accountability; 2) successfulness and fairness of the LAS;
3) donor–organ availability and regional competition;
4) patient health versus program health; and 5) access to care
versus responsible stewardship of organs.

Conclusions: Our conceptual model demonstrates how
differential selection can arise throughout lung transplantation
and facilitates the further study of such selection. As new organ
allocation models are developed, differential selection should be
considered carefully to ensure that these models are more
equitable.
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In May 2005, the OPTN (Organ
Procurement and Transplantation Network)
implemented a new policy that allocates donor
lungs to candidates on the basis of lung
allocation scores (LAS) (1–4). The LAS
estimates the difference in days of life between
transplant benefit (defined as predicted 1-year
posttransplant survival minus predicted 1-year
pretransplant survival) and waitlist urgency
(defined as predicted 1-year pretransplant
survival). Equivalently, the LAS equals
predicted 1-year posttransplant survival minus
two times predicted 1-year waitlist survival
(1, 4). Higher values indicate greater priority
for transplantation (1, 4). This score was
intended to balance equity, justice, beneficence,
and utility in lung allocation (2, 5).

Predictions of pre- and posttransplant
survival that go into the LAS are on the basis
of patient demographic and laboratory values
(1, 4). Although these values are updated
regularly, some can be subject to clinician
interpretation (see data supplement,
“Additional Details on the LAS and the
Listing Decision-Making Process”.).
Moreover, additional factors beyond the
LAS can impact which patients receive a
transplant. These factors include referral
patterns (6–8) and geographic, gender, or
racial or ethnic disparities in waitlist
registration (8–12), pre- and posttransplant
survival (8, 13–15), and donor–organ
availability (8, 9, 16, 17). Collectively, such
factors can give rise to differential selection
for transplantation (18, 19), undermining
the objectivity of lung allocation. The phrase
“differential selection” is intended to capture
any mechanism that can differentially
impact which patients receive a transplant.
Such mechanisms can include differences in
referral, listing, and donor organ acceptance
criteria across transplant centers. The
differential selection also includes survivor
bias, which captures the idea that waitlisted
individuals can only receive a transplant if
they survive long enough for a suitable
donor organ to become available and have
sufficient priority to receive this offer (17).

Although much statistical research has
been conducted surrounding the LAS and
differential selection (19–22), less is known
about how lung transplant surgeons and
pulmonologists employ the LAS in practice
or how these clinicians interpret and respond
to differential selection. Some qualitative
studies have examined candidate (23, 24) and
organ selection (25); however, these studies
focused almost exclusively on patient

screening rather than the complete pathway
from referral through transplantation.

Given that OPTN is currently
implementing a new organ allocation
framework (the continuous distribution
model [26–28]) in lungs, followed by other
organs (e.g., kidney, liver, and heart), it is
important to understand where differential
selection can arise in lung transplantation
and how it can impact the successfulness and
fairness of lung allocation. Synthesizing this
information into a conceptual model can
facilitate further study of the patient- and
program-level effects of differential selection
in lung transplantation. Toward that end,
we conducted a qualitative study of lung
transplant surgeons and pulmonologists
between June 2019 and June 2020 to
understand clinician perspectives on
differential selection in lung transplantation
and the LAS. Preliminary results of this study
(this abstract) were reported at the ISHLT
(International Society for Heart and Lung
Transplantation) 2022 conference (29).

Methods

Study Design and Target Population
We conducted a qualitative study between
June 2019 and June 2020 to understand
clinician perspectives on the LAS and
differential selection in lung allocation.
Our target population consisted of lung
transplant surgeons and pulmonologists
practicing in the United States. The study
protocol was reviewed by the University of
Pennsylvania Institutional Review Board
(IRB Protocol #833089) and determined to
meet exemption criteria authorized by 45
CFR 46.104, category #4,2. We also followed
the Consolidated Criteria for Reporting
Qualitative Research (30) checklist (see data
supplement) (30).

Participants and Recruitment
Participants were recruited through the
“Pulmonology and Cardiothoracic/Vascular
Surgery” listserv of the ISHLT. Individuals
were eligible to participate in our study if
they were lung transplant surgeons or
pulmonologists practicing in the United
States. Individuals who did not practice in
the United States, were still in training (e.g.,
medical student or resident), or who focused
on other-organ transplant (e.g., heart) were
excluded. Eligible individuals were invited to
participate via email by the lead author
(E.M.S.). We purposively sampled individuals

to introduce variation by discipline (e.g., lung
transplant surgeon and/or pulmonologist)
and sought to include respondents with
diverse characteristics relevant to our study
question (e.g., geography and years in
practice). The lead and senior author (J.E.S.)
monitored for thematic saturation during
data collection to determine sample size
adequacy. Recruitment continued until
thematic saturation across the main domains
of our interview guide was reached (31–34).

Data Collection
Interviews were conducted in person or via
phone by the lead author using a
semistructured guide (see data supplement).
The guide was piloted and refined to ensure
complete capture of relevant concepts,
comprehension of questions, and length
(see data supplement). Questions covered the
following domains: 1) how lung transplant
surgeons and pulmonologists use the LAS in
clinical practice; 2) factors deemed important
for prioritizing lung transplant candidates
but which might not be captured by the LAS;
3) how clinicians think about differential
selection in lung allocation; and 4) clinician
perspectives on modifying the LAS to
account for differential selection. Participants
consented verbally and gave permission for
their interview to be audio-recorded.

Analyses
Interviews were professionally transcribed,
deidentified, and uploaded to NVivo (NVivo
Release 1.0, QSR International 2020). Data
were analyzed by two authors (E.M.S. and
J.E.S.) in consultation with the research team
using a modified framework method (35).
First, interview transcripts and data
collection memos were reviewed to create
an index codebook (36). Second, the index
codebook was applied to transcripts line-by-
line. As patterns emerged in the data, the
index codebook was revised (in consultation
with the research team), and existing codes
were further developed into subcodes. Third,
data from coded transcripts were charted into
a frameworkmatrix to explore overlapping
codes and compare themes within and across
respondents. Here, we confirmed that
thematic saturation was reached overall and
within subgroups defined by discipline (35).
Fourth, we developed a conceptual model for
sources of differential selection on the basis of
the framework matrix. The model was
refined through discussions among the
research team and negative case analysis.
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Self-reported respondent characteristics,
including gender, race and ethnicity, years of
experience, and UNOS (United Network for
Organ Sharing) region, were ascertained at
the end of each interview and summarized
using counts (proportions) or medians
(interquartile ranges) as appropriate
(STATA 15, StataCorp LLC).

Results

Respondents
Email invitations were sent to 218 potential
respondents, with 76 (35%) responding. Of
these 76 individuals, 19 declined to participate,
4 did not meet study inclusion or exclusion
criteria, and 2 did not respond to follow-up
emails to schedule an interview. Thematic
saturation was achieved in the overall sample
after 20 interviews.We interviewed 51
participants (30 [59%] pulmonologists and 21
[41%] lung transplant surgeons) to ensure
thematic saturation within subgroups defined
by discipline and to capture a diversity of
perspectives on differential selection in lung
allocation. Themajority of participants were
male (84%),White (61%), and had practiced
at more than one institution (55%). The
median duration of experience was 15 years,
and 47% of respondents began practicing
before the LAS was implemented. At least one
respondent was interviewed from each UNOS
region. Finally, we interviewed respondents
from low-, medium-, and high-volume centers
(Table 1).

Sources of Differential Selection
Along the Lung Transplantation
Pathway
Each section below describes a step along
the transplantation pathway where
respondents identified that differential
selection might arise. These sources of
differential selection are supported by
exemplar quotes (Tables 2–5) and mapped
to five overarching themes (Figure 1).
Note that while this study focused on
differential selection that is of concern to
clinicians, additional factors beyond the
ones identified by our respondents
influence listing and transplantation
decisions; see data supplement for more
context.

Screening to Waitlist Registration
Respondents identified several points where
differential selection influences lung
transplantation. Although referral, which

depends on how knowledgeable patients and
their primary pulmonary providers are about
transplantation, was recognized as a source
of differential selection, respondents
primarily focused on subsequent sources
because they are not typically involved in the
referral. Thus, respondents identified
candidate screening and waitlist registration
as the first major source of differential
selection.

Screening involves a series of physical
andmental health evaluations conducted by
transplant centers to determine whether
patients are sick enough to be registered on
the waitlist yet healthy enough to withstand
transplant and whether patients have
sufficient social and financial support to
undergo such a major procedure.
Respondents called this timeframe the
patients’ “transplant window” and described
how patients listed too early or late with

respect to this windowmay have difficulty
finding a suitable donor–organmatch.
Although professional societies and
consensus documents provide guidance on
the appropriate timing and criteria for listing
patients, respondents suggested that listing
decisions ultimately come down to clinician
judgment and subjective impression (Table 2,
quote 1). Differential selection can also arise
more subtly when evaluating patients’ extent
of social and financial support, their degree of
adherence to protocols, and how these factors
might impact their transplantation outcomes
(Table 2, quote 2).

Respondents suggested that listing
decisions are also influenced by transplant
centers’ degree of risk tolerance within the
context of accountability-promoting
regulatory pressures. Decisions about
individual patients are made with the
center’s “numbers” (e.g., average 1-year

Table 1. Demographic characteristics of interview respondents

Factor Value

N 51
Gender, n (%)
Female 8 (16)
Male 43 (84)

Race/ethnicity, n (%)
African American 4 (8)
Asian/Indian 6 (12)
Hispanic/Latino 7 (14)
Other 3 (6)
White 31 (61)

Discipline, n (%)
Pulmonologist 30 (59)
Transplant surgeon 21 (41)

UNOS region, n (%)
1 1 (2)
2 18 (35)
3 5 (10)
4 1 (2)
5 3 (6)
6 1 (2)
7 5 (10)
8 2 (4)
9 2 (4)
10 5 (10)
11 8 (16)

Transplants per yr by center (n)*, median (IQR) 50 (26–112)
Respondents from centers performing, per yr, n (%)*
<30 transplants 19 (37)
31–59 transplants 9 (18)
>60 transplants 23 (45)

Has practiced in more than one institution 28 (55)
Experience (yr), median (IQR) 15.0 (9.0–20.0)
Began practice before LAS was implemented 24 (47)

Definition of abbreviations: IQR= interquartile range; LAS= lung allocation score;
UNOS=United Network for Organ Sharing.
*As reported to the Organ Procurement and Transplantation Network in 2018, the last full year
before the start of our study. See https://optn.transplant.hrsa.gov/data/view-data-reports/build-
advanced/.
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posttransplant survival calculated by the
SRTR [Scientific Registry of Transplant
Recipients] and acceptable performance
thresholds determined by UNOS and/or
CMS [Centers for Medicare andMedicaid
Services]) in mind (Table 2, quote 3).
Programs with larger transplant volumes
may have more experienced surgical teams
and increased access to medical technology
(e.g., extracorporeal membrane oxygenation),
which may enable them to manage high-risk
patients more easily. Respondents viewed
program capacity and expertise as one
potential influence on decision-making
(Table 2, quote 4). In addition, large
transplant volume effectively dilutes the
impact that poor patient outcomes might
have on program-level pre- or posttransplant
survival (Table 2, quote 5). Thus, large-
volume centers may have greater flexibility
when choosing which patients to register on
their waitlist, whereas small-volume centers

may be forced to be more selective to
promote the continued well-being of their
program.

Waitlist Registration to Waiting Period
Respondents identified waitlist registration
and waiting period as the second major
source of differential selection. These periods
are ostensibly determined by the LAS, which
aims to minimize waitlist mortality by
prioritizing patients for whom transplant
benefit (i.e., predicted 1-year posttransplant
survival minus predicted 1-year pretransplant
survival) exceeds waitlist urgency (i.e.,
predicted 1-year pretransplant survival);
equivalently, the LAS prioritizes
individuals for whom predicted 1-year
posttransplant survival minus two times
predicted 1-year pretransplant survival is
favorable. Because the score is calculated
on the basis of patient demographic and
clinical characteristics, some respondents

viewed the LAS as a “byproduct” that
reflects the patients’medical urgency but
does not on its own influence providers’
decisions to proceed with waitlist
registration or transplantation (Table 3,
quote 6). Some respondents lauded the
LAS’s ability to update as patients become
sicker, thereby ensuring that patients
receive more donor–organ offers as their
waitlist urgency increases, and hence,
mitigating survivor bias (because
donor–organ offers are diverted away from
individuals who are more likely to survive
without transplant and toward individuals
who are less likely to survive without
transplant) (Table 3, quote 7).

Other respondents, however, suggested
that the LAS is imperfect, mitigating some,
but not all, differential selection. Specific
concerns include 1) the LAS relies on
predicted 1-year pre- and posttransplant
survival, which may not be as relevant to

Table 2. Exemplar quotes pertaining to the transition between screening and waitlist registration

Theme Exemplar Quote

Transplant center’s
degree of risk
tolerance and
accountability

1. “I think you’re interpreting somebody’s capabilities [of surviving transplant] based on how they look and
how robust are they and do they look frail, and those types of things which I think are one reflector of
survival that kind of goes into the gestalt when you see someone. Part of that assessment is, do they look
like they’re about to keel over or not? And I think there are some patients where that probably is accurate,
and there are some patients where it’s really not.” [pulmonologist]

2. “The atrial pressure of your heart, that’s hard data; your PFTs [pulmonary function tests] are hard data. So
[selection committees] shouldn’t be biased about how sick your heart is, or how sick your lungs are, but there
is a lot of bias regarding how good of a...how compliant you’re gonna be with your medications; what kind of
family support you have; what is the level of outside, your stress, on how you’re gonna manage to take care of
yourself after transplant? And sometimes you can say, ‘Well, you know what? This patient might survive a
transplant, but they will [be on] chronic pain medications or taking painkillers, or at some point, they smoke
marijuana, or at some point...’. So, you know, all those factors come into play, particularly from the social
aspects, which are the most difficult to define. And how do you define those in a way that you don’t stigmatize
your patient, and you eventually don’t provide them with an opportunity.” [surgeon]

3. “I guess the fact that we do 80, 90 transplants per year allows us to reason… Well, given the number, we can
be a little more aggressive and try to help these [high-risk] patients, which in a smaller center, probably that
would give them a bigger hit on their overall numbers. I guess our center, we’re large enough, and also
experienced enough not to make a strong decision [for or against listing a particular patient].” [surgeon]

4. “Everything has some bias involved, bias of the treatment team, bias of the center treating, how big your
program is, how experienced are your surgeons, what is your workforce, and what can you take care of,
because the same patient can be looked after in a different center [and] based on how they can do things
there and the complexity of the patient, if they’re used to dealing with better, maybe they can pull it off as
opposed to a center which is not used to doing that many transplants or it doesn’t have the facility to do
that. So, I think the bias does exist in one way or the other based on available resources and experience
of that center.” [surgeon]

5. “The other half of that is in when it comes to candidates. I think there is an awareness of what our current
kind of mortality and waitlist statistics are as to whether we’re really capable of absorbing a really high-risk
candidate. So we’re a really aggressive center, I think, compared to other centers too. But even at a
certain point, if you’ve had a string of bad outcomes or if you’ve had some waitlist deaths and somebody
comes up to the [listing] committee who is a marginal candidate who has the potential to have a bad
outcome, depending on where the program is, I think we have to take a harder look at that case and say
like, can we absorb another bad outcome in those cases? So, I think there’s a perception that it affects
both candidates and recipients.” [pulmonologist]
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patients or clinicians as longer-term survival
or quality of life (e.g., focusing on 1-year
posttransplant survival, as opposed to 3- or
5-year posttransplant survival, may divert
donor organs away from candidates who

could potentially gain more years of life from
transplantation); 2) the LAS omits variables
that are clinically relevant for predicting
survival among some diagnoses, but not
statistically significant across all diagnoses

(e.g., forced expiratory volume in 1 second);
and 3) discrepancies in LAS among patients
dual-listed at multiple centers.

These perceived “gaps” in the LAS led
many respondents to question the objectivity

Table 3. Exemplar quotes pertaining to the transition between waitlist registration and waiting period

Theme Exemplar Quote

Successfulness
and fairness of
the LAS

6. “The score is something that I think we’re all cognizant of in the back of our minds, but it’s not
necessarily a factor to say someone should or shouldn’t be a candidate. Because the LAS is almost a
byproduct, right? Someone has to be a transplant candidate, then they get the LAS score for whatever it
is [… ] The LAS will be just whatever it is based on the specific tests of that patient.” [pulmonologist]

7. “If someone’s disease advances and they end up on mechanical ventilation or something like that, their
LAS goes through the roof, and they’re going to get an organ. So in many ways, the LAS mitigates
survivor bias.” [pulmonologist]

8. “Yeah, it [survivor bias] is a concern. And it actually is a concern that I primarily have in regards to
patients that have a relatively low score at the time of listing, especially patients with emphysema. You
know, since the lung allocation score favors patients with interstitial lung disease, patients with
emphysema usually get a lower score. And we certainly have a number of patients on our waitlist where
I kind of wonder, ‘are they ever going to get lungs?’ And, you know, are they eventually going to be too
old, or are they going to develop comorbidities that would prevent them from being suitable for
transplant anymore?” [pulmonologist]

9. “Everybody is trying to get an angle for their own patients, you know, everybody feels responsible to find
a strategy for their patient to get the transplant. So, they’re gonna think of things that they can do that
are, in general, are almost always, I think, are honest and have integrity. I don’t think people cheat in any
substantial degree, I guess, but they will use every honest angle that is available. We see that in all of
our lists. But that’s what you want your doctor to do for you, right? We assume that we’ll be audited, so
anything we do, we want to be able to justify and explain why or that we were completely honest with
how we did it.” [surgeon]

10. “At [previous transplant center], we had this requirement that you had to be able to walk 1,000 feet in 6 min
to qualify for listing. So we would give them as much oxygen as they needed, and we would push them to
walk really far. And then when they changed the LAS algorithm and we saw, like, all… that, like, these
patients, these people who are really, really sick, with really advanced lung disease, their scores went
down significantly, and we weren’t getting offers for them anymore, then we had to change how we did it.
And we had the resources there to say, ‘Okay, we’re going to do an LAS 6-minute-walk test’, which is
where we did a 6-minute-walk test based on their resting oxygen requirements. But then, we would
continue to do a 6-minute-walk test to assess their functional capacity. And so we would have both pieces
of information, which was helpful, and then we’d use the LAS 6-minute-walk to put into a unit. Here, we
don’t have those kinds of resources to be doing it twice. And so we just accept the fact that, well, we do it
on something sort of in the middle and try to interpret the data as best we can.” [pulmonologist]

11. “I think the [LAS] score is reasonable, but how people populate their lists is very variable, and my concern is
that people lean on the score as being a vetted, objective, consistent measure of priority, and it’s not.
People will use different variables to their advantage, and listing practices are so variable that we can’t
assume that an LAS of 40 means the same thing at different centers. In fact, we’ve seen patients who go to
different centers have very different lung allocation scores. And when you have variability in interpretation of
how to score someone, it makes the concept of broader regional sharing grossly unfair and vulnerable to
gaming. This big push for broader regional sharing has to be predicated upon making listing behaviors
entirely consistent across the country, or there will be gross iniquities manifest.” [surgeon]

12. “Well, the [program-level] metrics are grossly imperfect. And the reason is that there are centers that will
only list one patient who is size and blood type available in a given range, a given sort of size and
blood-type parameters. We don’t do that. So, we...if someone meets criteria and is listable, in a practical
and medically appropriate sense, they get on the list. So, we run a large list and a pared-down list, and
we do that to maintain a sense of connectivity and consideration of everyone who’s on our list. The
problem is, the metric that you’re talking about is called the transplant rate, and it’s not only determined
by how many transplants you do, it’s determined by the size of your list. So if I do a hundred transplants,
and my transplant list is 100 patients long, I’m going to look like I’m less busy than someone who
maintains a list of 10 patients and does 20 transplants per year. So it’s… it’s… It’s a thing that gets
often manipulated, and it’s not an indication of how busy or aggressive a center is doing, but it’s related
to more the size of that list. It’s called a gameable statistic.” [surgeon]

Definition of abbreviation: LAS= lung allocation score.
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of lung allocation for particular patients. One
respondent described being more concerned
about survivor bias for patients with a low
LAS than for patients with a high LAS, as the
former tends to remain on the waitlist
behind the latter (i.e., they never receive
sufficient priority to secure a donor organ
offer), eventually becoming too old or sick
for transplantation (Table 3, quote 8). The
challenge of advocating for patients within
the LAS framework can lead to differences in
patient management practices across centers.

These differences prompted concerns
about the potential for gaming or exploiting
the ambiguity and flexibility of the LAS to

achieve desired outcomes while ostensibly
honoring the framework. Two perspectives
emerged: 1) patient-level: manipulating
patients’ LAS to increase their chances of
receiving a transplant by capitalizing on
“system inefficiencies” (e.g., variables that are
open to clinical interpretation and that can
be changed while maintaining honesty); and
2) program-level: avoiding transplanting
high-LAS patients or being more
conservative with donor–organ acceptance
criteria to ensure that program-level
accountability metrics are maintained.

The first perspective, described as
patient advocacy, involves ensuring that

patients receive scores that truly reflect their
waitlist urgency (Table 3, quote 9). Having
the flexibility to update scores as patients’
clinical condition changes was seen as a
positive attribute of the LAS. All respondents
said that changes in patients’ LASmust be
documented because centers are subject to
audits fromUNOS, CMS, and insurance
companies. However, respondents
mentioned that guidelines around some
variables are vague (e.g., howmuch oxygen
to use for the 6-minute-walk test) and may
even have conflicting goals (e.g., the walk test
assesses both patients’ disease severity and
their ability to withstand transplantation).

Table 4. Exemplar quotes pertaining to the transition between waiting period and receipt of transplant

Theme Exemplar Quote

Donor organ
availability and
regional
competition

13. “I think it depends on how easy access to organs your center has and how much competition too for
those organs you have. Because if you’re in a 250-mile radius, and you have 10 centers in that radius,
then you’re competing for the same organs across 10 centers. If, instead, you had three centers in that
radius, or two or one, then you have a lot of offers for your patients. And so, you can wait until he gets
sicker or you just transplant him, or you can put them on an LAS very low, and you still will have first bid
to those organs.” [surgeon]

Patient health vs.
program health

14. “These regulatory metrics, 30-day, 1-year mortality, have a very heavy impact on how surgeons and
pulmonologists, number one, list patients, it becomes a selective bias. And number two, how they
transplant them (i.e., when they get an offer, they may be very risk-averse in certain settings or with
certain donors or with any additional confounders that are encountered at the time of the offer.” [surgeon]

15. “We’re handcuffed because there are no donor organs, our cohort is getting sicker and sicker, and
conditional survival based on your frailty or condition at the time of transplant is compromised. [With a]
precious resource that’s in short supply, your cohort is likely to get sicker, and the outcomes are likely to
be worse so that the longer they sit on the list, the worse the outcomes are.” [surgeon]

Access to care vs.
responsible
stewardship of
resources

16. “I think we are intentionally biased to transplant patients that we think are gonna survive…because it’s a
scarce resource. If you’re thinking about providing a treatment that’s a scarce resource that might
compromise access to other patients, then I think it is reasonable to consider giving it to the patients
where it may be more likely to be efficacious.” [surgeon]

Definition of abbreviation: LAS= lung allocation score.

Table 5. Comparing pulmonologists’ and surgeons’ perspectives on differential selection in lung transplantation

Theme Exemplar Quote

Optimizing the
recipient

17. “I think the main thing that we’re looking to do, and I’m not sure it’s the LAS number, or severity. I think
we’re certainly always looking to maximize... I mean, maximize isn’t the right word. I think we want to be
sure that the score as accurately as possible reflects the patient’s severity of illness. So whether that’s
updating various testing parameters periodically, it’s certainly an awareness of the patient’s underlying
condition and relatively aggressive assessment of changes to that condition in an effort to try to optimize
the allocation score.” [pulmonologist]

Optimizing the
donor

18. “The lung allocation score only creates the potential offer. It doesn’t control the quality of the offer. If you
have a situation with a patient with a high score who is likely to become a candidate for a number of
offers, then a lung that is marginal may not be readily accepted. And instead, one would say, ‘Hold out
for a better organ, so we have a better outcome proposition’. But what is a better organ is in the eye of
the beholder. And there is some science, but no real class evidence or truly binding guidelines or
regulations feasible because it remains a big black box. It’s just experienced surgeons and physicians
trying to extrapolate data that helps them decide what would or wouldn’t be a functional organ. Because
you want to avoid the high-risk recipient with a marginal donor lung because the combination makes for
an extremely difficult postoperative course, in the vast majority of cases, and therefore, increases
dramatically your chance of 30-day mortality or 1-year mortality.” [surgeon]

Definition of abbreviation: LAS= lung allocation score.
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If centers have enough resources, they can
conduct such tests multiple times to fulfill all
goals, but if not, compromises must be made
(Table 3, quote 10). Respondents also
acknowledged that distinguishing between
acceptable and unacceptable patient
management strategies can sometimes be
difficult: “it’s hard to define gaming the
system versus differences in management
practices, where that line is drawn”.

Respondents generally supported the
idea behind exception requests, which allow
physicians to petition UNOS to increase
patients’ scores when the LAS does not seem
to accurately capture their clinical severity or
urgency. However, some expressed
frustration at the inconsistency with which
certain exception requests are evaluated
(exception requests are reviewed by a
rotating board of clinicians, and acceptance
criteria vary). Others expressed concern that
dual-listed patients sometimes had different
LAS in different centers (this observation
was attributed to a lack of communication
and/or data sharing among centers rather
than intentional dishonesty).
Inconsistencies in LAS, while not
necessarily indicative of gaming, were still
viewed as having a considerable impact on
donor–organ sharing, as even small
differences in LAS can pull donor organs
from one center to another (Table 3,
quote 11).

The second perspective, conceptualized
as program advocacy, involves selectivity
when making listing decisions to ensure that

programs do not take on patients who are
too high risk for transplant teams to manage.
Although such selectivity could be viewed as
“cherry picking”, most respondents felt that
it is sometimes necessary to preserve
program integrity and ensure that program-
level ratings surpass UNOS and/or CMS’s
acceptability thresholds. Choosing not to list
high-risk patients whom the transplant team
may not be able to care for was often viewed
as a favorable form of program advocacy, as
it not only protects program-level metrics
and integrity but also protects patients from
experiencing poor transplant outcomes and
ensures responsible stewardship of donor
organs.

Another type of program advocacy that
was viewed less favorably relates to the size
of each program’s waitlist. More specifically,
three surgeons suggested that well-resourced
programs may operate “substitute” lists
where individuals who are not currently sick
enough for official listing are monitored
until they become eligible. Problems with
this approach arise when substitute lists are
not shared with UNOS, as programs can
adjust the size of their waitlist to influence
their program-level transplant rate (Table 3,
quote 12).

Waiting Period to Receipt
of Transplant
The third major source of differential
selection identified by respondents occurs
between the waiting period and
transplantation. Here, donor–organ

availability and regional competition
influence who receives a transplant (Table 4,
quote 13). Specifically, transplant centers in
less-competitive regions may have more
flexibility in determining which patients
receive which organs because they do not
have to compete against other centers with
patients with higher LAS. Moreover, the
current allocation system encourages
transplant centers to list high-risk patients
but discourages centers from accepting
high-risk or marginal-quality donor organs.
Consequently, programs with patients
primarily with lower LAS are forced to
accept donor organs that were turned down
by centers with patients with higher LAS: “it
is unfair that you can have a very high LAS
score and you could decide whatever lungs
you wanna take”. Respondents
acknowledged that assessments of donor
organ quality could be subjective and
admitted that they had no proof of higher-
volume centers being overly selective with
their donor organ acceptance criteria.
However, they also indicated that when the
best-quality donor organs continually go to
higher-volume centers, “it makes you second
guess the system”.

These concerns highlight a tension
between improving patients’ health versus
maintaining transplant programs’ health.
Such tension was often described as being
driven by program-level UNOS and/or CMS
accountability metrics (Table 4, quote 14).
Although centers can adjust their patient
listing and donor–organ acceptance criteria

Referral Screening/evaluation Waitlist Registration Waiting Period Receipt of transplant

Theme 2: Successfulness and Fairness of LAS

•   Patient prioritization depends on LAS, but the LAS: 

Ignores patients’ quality of life
Fails to include variables important for predicting survival for some 
diagnosis groups but not others
Can vary by center
Ignores differences in listing practices across centers

Theme 1: Transplant center’s level of
risk tolerance & accountability

•   Listing decisions are influenced by:

Clinician judgment
Transplant center volume
Center risk tolerance

Theme 4: Donor organ availability & regional
competition

•   Donor-recipient matching is affected by:

Donor organ scarcity
Donor organ acceptance criteria

Theme 5: Access to care vs. Responsible stewardship of organs

Theme 3: Patient health 
vs. Program health

Figure 1. Conceptual model depicting points at which differential selection can arise in lung transplantation and synthesizing these sources of
differential selection into common themes and relationships between them. LAS= lung allocation score.
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to balance patient versus program health, the
successfulness of these efforts is constrained
by donor–organ availability (Table 4,
quote 15). To many respondents,
donor–organ scarcity implied an ethical
duty to select patients more likely to
survive transplantation to ensure the
responsible stewardship of resources
(Table 4, quote 16).

Conceptual Model
The sources of differential selection discussed
above were synthesized into five main
themes (Figure 1): 1) transplant center’s
degree of risk tolerance and accountability;
2) successfulness and fairness of the LAS;
3) patient versus program health;
4) donor–organ availability and regional
competition; and 5) access to care versus
responsible stewardship of organs. Most
themes were endorsed by both transplant
surgeons and pulmonologists, lending
further credibility to our conceptual model.
However, respondents generally discussed
differential selection from the perspective
most aligned with their role in the transplant
process. Specifically, pulmonologists, who
provide longitudinal patient care before and
after transplantation, are typically focused on
“optimizing the recipient” so that the best
patient is selected for each donor organ
(Table 5, quote 17). Conversely, transplant
surgeons, who frequently procure donor
organs in addition to performing the
transplant operation, typically focus on
“optimizing the donor” so that the best
donor organ is selected for each patient
(Table 5, quote 18).

Discussion

On the basis of semistructured interviews,
we developed a conceptual model (Figure 1)
of transplant selection that contains five
themes: 1) transplant center’s degree of risk
tolerance and accountability; 2) successfulness
and fairness of the LAS; 3) patient versus
program health; 4) donor–organ availability
and regional competition; and 5) access to
care versus responsible stewardship of
organs.

Although most respondents recognized
that the LAS is partially successful in
mitigating survivor bias at transplantation
(because patients’ LAS scores, and hence,
their chances of receiving donor organ offers,
increase as their waitlist urgency increases),
many also suggested that it ignores upstream

sources of differential selection that influence
which patients are registered on the waitlist
and remain active candidates. Upstream
sources of differential selection are typically
framed as an “access to care” problem and
not an issue of “differential selection”. For
example, disparities in waitlist registration
are often attributed to inequities in referrals
without consideration of inconsistencies in
screening or listing decisions. Although
screening and listing guidelines exist (6, 7),
recent research has advocated for earlier
referral of specific patient populations (e.g.,
cystic fibrosis) (37–39) and greater
transparency around factors that inform
patient selection but which are not included
in the LAS (e.g., frailty [7, 23, 40], social
support [7, 23, 41, 42], and quality of life [7,
23, 42]). Our respondents suggest that the
extent to which these criteria matter during
listing decisions depends on centers’
transplant volume and degree of risk
tolerance, as well as considerations of
potential tradeoffs between patient and
program health. For example, relaxing listing
criteria can provide higher-risk patients with
more transplant opportunities but may also
necessitate greater patient management and/
or donor–organ selectivity to maximize
patients’ chances of surviving surgery and
minimize their risk of posttransplant
complications (e.g., graft rejection) (43).
Conversely, whereas listing less-urgent
patients lessens program-level risk, it may
also hinder transplant access for higher-risk
patients, who might not have enough social
or financial resources to be listed at another
center (44).

Such findings are consistent with and
add significantly to research on decision-
making in organ transplant selection
committees (23, 24). Prior studies included
few transplant surgeons and pulmonologists;
focused solely on candidate screening
rather than the complete pathway from
referral through transplantation; did not
examine how patients’ LAS might influence
candidate selection; and only considered
patient-level (not program-level) factors
that might influence decision-making (23,
24). Our study also complements statistical
research that addresses censoring among
waitlisted patients (e.g., because of death,
transplantation, etc.) (19–22, 45) and has
begun to investigate the impact of delisting
on patients’ long-term health (46).

Research on the receipt of transplants
primarily focuses on geographic disparities in
donor lung availability (9, 16, 17) and the

role organ procurement organizations have
in increasing donor–organ supply through
broader organ sharing (47) and better
procurement practices (48, 49). Yet
transplant programs ultimately have the final
say over which donor organs they accept,
with some programs being more willing to
accept marginal-quality organs (50–52) than
others (25, 53). Research on pancreas donors
in Germany concluded that the evaluation of
donor organs was “highly inconsistent”
across transplant centers and that variability
in acceptance criteria can decrease the
efficiency of allocation (25). For example,
accepting marginal-quality donor organs can
enable more patients to receive a transplant
but may come at the cost of more
posttransplant complications or reduced
posttransplant survival (54). Such conflicts
between access to care and responsible
stewardship of organs have both practical
and ethical implications (5, 55). Thus,
understanding how clinicians decide which
donor organs to accept, andmaking this
source of differential selection more
transparent, is just as important as increasing
donor–organ supply.

Strengths and Limitations
Our study has several strengths. Rigorous
qualitative analyses allowed us to capture a
diversity of perspectives on differential
selection in lung transplantation and the
LAS. Including transplant surgeons and
pulmonologists from transplant centers
throughout the United States strengthens the
robustness of our conceptual model and
allows us to understand how center volume
and location may shape screening,
waitlisting, and transplantation decisions.
Finally, considering the entire pathway from
referral through transplantation enabled
examination of how patient- and program-
level factors influence differential selection in
lung transplantation.

Our study also has limitations. First,
the coronavirus pandemic necessitated
switching from in-person to phone
interviews midway through data collection.
This change did not impact interview quality
and actually increased surgeons’ participation
rate. Second, the qualitative design limits
generalizability to the concerns of all
transplant providers. However, we
purposively sampled by discipline
(transplant surgeon and pulmonologist)
and sought to include respondents with
diverse characteristics relevant to our study
question (e.g., geography and years in
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practice). Third, whereas our response rate
was low, we were able to obtain thematic
saturation both overall and within subgroups
defined by discipline. Fourth, although 84%
of respondents were male, this proportion is
consistent with the distribution of men in the
transplant workforce (56–58). Fifth, whereas
some UNOS regions were underrepresented
in our study, we were able to interview at least
one respondent from each region and also
interviewed respondents from a variety of
center sizes and transplant volumes. Sixth,
our purposive sampling approach and low
response rate may have resulted in selection
bias. Individuals who declined to participate
in our study were fairly comparable to those
who agreed to participate in terms of gender
and region but were more likely to be
transplant surgeons. Finally, our study was
restricted to the U.S. lung allocation system,
which relies on the LAS to prioritize patients
for transplantation. Consequently, our

findings around the LASmay not generalize
to lung transplant allocation systems in other
countries that do not use the LAS.

Conclusions
Overall, our study demonstrates how
differential selection can arise throughout
lung transplantation, and the proposed
conceptual model can facilitate further study
of such selection. Although this conceptual
model was developed among lung transplant
surgeons and pulmonologists, it may be
applicable to other organ allocation
systems that aim to determine which
patients to register for transplant and how
to prioritize them. With respect to lung
transplantation, OPTN is currently
developing a new allocation framework,
the “continuous distribution model”
(26–28), that will prioritize patients via
composite scores consisting of the LAS
alongside other patient attributes, such as

candidate biology, patient access, and
placement efficiency (26). This approach
is a first step toward recognizing the
complexity of organ allocation (59, 60)
and improving equity in transplantation
(8). However, our findings suggest that
the other attributes included in the
composite score may be susceptible to
differential selection as well. Thus, the
continuous distribution model should be
monitored closely to ensure that the
resulting allocation scheme is more
equitable and does not inadvertently
exacerbate differential selection in
transplantation.�
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