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BACKGROUND: Although the lung allocation score (LAS) has not been considered valid for lung
allocation to children, several additional policy changes for pediatric lung allocation have been adopted
since its implementation. We compared changes in waitlist and transplant outcomes for pediatric and
adult lung transplant candidates since LAS implementation.
METHODS: The United Network for Organ Sharing database was reviewed for all lung transplant
listings during the period 1995 to June 2014. Outcomes were analyzed based on date of listing (pre-LAS
vs post-LAS) and candidate age at listing (adults418 years, adolescents 12 to 17 years, children 0 to 11
years).
RESULTS: Of the 39,962 total listings, 2,096 (5%) were for pediatric candidates. Median waiting time
decreased after LAS implementation for all age groups (adults: 379 vs 83 days; adolescents: 414 vs 104
days; children: 211 vs 109 days; po 0.001). The proportion of candidates reaching transplant increased
after LAS (adults: 52.6% vs 71.6%, p o 0.001; adolescents: 40.3% vs 61.6%, p o 0.001; children:
42.4% vs 50.9%, p ¼ 0.014), whereas deaths on the waitlist decreased (adults: 28.0% vs 14.4%, p o
0.001; adolescents: 33.1% vs 20.9%, p o 0.001; children: 32.2% vs 25.0%; p ¼ 0.025), despite more
critically ill candidates in all groups. Median recipient survival increased after LAS for adults and
children (adults: 5.1 vs 5.5 years, p o 0.001; children: 6.5 vs 7.6 years, p ¼ 0.047), but not for
adolescents (3.6 vs 4.3 years, p ¼ 0.295).
CONCLUSIONS: Improvements in waiting time, mortality and post-transplant survival have occurred in
children after LAS implementation. Continued refinement of urgency-based allocation to children and
broader sharing of pediatric donor lungs may help to maximize these benefits.
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The lung allocation score (LAS) was implemented in
May 2005 for lung transplant candidates Z12 years of age,
with the purpose of shifting donor lung allocation policy
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from a system based on accumulated waiting time to a
system based on medical urgency. To this end, the LAS is a
composite score, based on 2 risk-prediction models, which
prioritizes allocation to candidates with a high probability of
waitlist mortality balanced with an acceptable probability of
1-year post-transplant survival.1,2 In adolescents and adults,
allocation based on the LAS has resulted in decreased
waiting time and waitlist deaths and increased transplant
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rates, as well as increased transplantation of older
candidates, those with fibrotic lung disease, and more
critically ill candidates with higher LASs.3–7 Despite
prioritization of candidates with higher medical urgency
for transplant, an improvement in overall 1-year post-
transplant survival has been observed,3 although others have
reported inferior post-transplant survival in recipients with
higher LASs.4,7–9

The LAS has not been considered valid for pediatric
candidates o12 years of age, however, primarily because
differences in diagnoses between children and older
candidates made the mortality risk prediction model of the
LAS inappropriate as a measure of medical urgency. In
addition, the small numbers of lung transplant recipients in
this age group have not allowed for the creation of a reliable
post-transplant survival model for children.1,10,11

Although the LAS has not been used in children o12
years old, several other key changes have occurred in lung
allocation policy for this age group since LAS inception.
These include adoption of broader geographic sharing for
prioritized allocation of child donor lungs to child
candidates,12 creation of a 2-tier priority system for
stratification of child candidates based on medical ur-
gency,12 and approval of an adolescent exception policy to
allow individual child candidates to participate in the LAS
system under special circumstances.13 The applicability of a
medical urgency–based allocation policy to children has
been debated widely,10,14–21 but corollaries to the marked
changes in adult allocation and transplant outcomes since
LAS inception have not been thoroughly examined in the
pediatric population. One study suggested that, although
transplant rates rose similarly after LAS implementation in
candidates aged o12 and Z12 years, the rise in waitlist
death rates may have been greater in candidates aged o12
years.22 We therefore sought to examine the changes in
waitlist and transplant outcomes for pediatric lung transplant
candidates since implementation of the LAS.
Methods

Study population

This study was approved by the institutional review board of
Washington University School of Medicine. Standard Transplant
Analysis and Research (STAR) data files were reviewed for all
waitlist entries for lung transplantation included in the Organ
Procurement and Transplantation Network (OPTN)/United Net-
work for Organ Sharing (UNOS) database from 1995 to June 31,
2014. Patients receiving heart–lung or living donor lung trans-
plantation were excluded. To minimize the contribution of an “era
effect” to differences in outcomes, candidates listed before 1995
were excluded.23,24

The LAS was implemented on May 4, 2005 and, accordingly,
listings were divided into 2 cohorts based on date of listing: pre-
LAS (January 1, 1995 to May 3, 2005) and post-LAS (May 4, 2005
to June 31, 2014). Based on candidate age at listing, the listings
were then sub-divided into age groups consistent with those used in
OPTN lung allocation policies: adults (Z18 years); adolescents
(12 to 17 years); and children (0 to 11 years).2
Study outcomes

LASs for all candidates listed after May 4, 2005, including
candidates o12 years of age, were used as provided from
calculated fields in the STAR data files. Priority status data for
child candidates listed after January 1, 2010 was obtained by
special request from OPTN/UNOS.

A waitlist analysis was conducted, which included all waitlist
entries for the study cohort and compared group characteristics at
the time of listing and waitlist outcomes. Waitlist mortality and
transplant rates were calculated as the number of deaths or
transplants, respectively, per 100 patient-years on the waitlist, and
are reported by year of candidate listing. A waitlist outcome of “too
sick to transplant” was considered a mortality for this analysis.

A transplant analysis was also conducted, which included all
deceased donor lung transplantations for the study cohort and
compared group characteristics at the time of transplant, as well as
long-term post-transplant survival. Survival data for this analysis
were used as provided in the STAR data files and are current as of
the end of the study period.
Statistical analysis

Continuous variables were expressed as mean� standard deviation
or as median with interquartile range, and were compared using
either t-tests for 2-sample comparisons or 1-way analysis of
variance with post-hoc analysis by Tukey’s method for multiple
comparisons. Categorical variables were expressed as frequencies
and percentages, and were compared using chi-square analysis
with Bonferroni’s correction for multiple a priori comparisons.
Kaplan–Meier survival curves for post-transplant survival were
constructed, and were compared using the log-rank test. Data
analyses were performed using SAS version 9 (SAS Institute, Cary,
NC) and SPSS version 23.0 (IBM SPSS, Armonk, NY) statistical
software.
Results

Waitlist analysis

A total of 39,962 listings were included in the waitlist
analysis. Of these, 2,096 (5.2%) were for pediatric candidates
o18 years of age. Mean LASs are presented for all candidates
listed after May 4, 2005, although LAS was not used for
allocation in children. Mean LASs were lower in children than
adolescents and adults at both listing and waitlist removal,
although a similar gradual rise was seen in all groups
throughout the post-LAS time period (Figure 1A). Priority
classification is presented for children listed after January 1,
2010 (Table 1).

Notable differences in diagnosis groupings included a
higher prevalence of pulmonary vascular disease (Group B,
includes most listings for congenital heart disease) and
restrictive/interstitial lung disease (Group D), and a lower
prevalence of cystic fibrosis/immunodeficiencies (Group C)
in children compared with adolescents (see Table S1 in
Supplementary Material, available online at www.jhltonline.
org). There was little change in diagnosis groupings after
LAS implementation for children and adolescents, as
opposed to adults, in whom there was a decrease in the
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Figure 1 (A) Mean lung allocation scores at listing and (B) median waiting times for adults, adolescents and children listed for lung
transplantation, by year of candidate listing. Dashed line represents year of implementation lung allocation score (LAS).
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prevalence of Groups A, B and C with a concomitant rise in
Group D (Table 1).

The degree of critical illness in children far exceeded that
of adolescents and adults in both the pre-LAS and post-LAS
time periods, with a higher requirement for any life support
and mechanical ventilation at listing in children (see
Table S1 in Supplementary Material). The degree of critical
illness at listing increased for adolescents and adults after
LAS implementation, but with a higher requirement for any
life support, mechanical ventilation, extracorporeal mem-
brane oxygenation (ECMO) and inhaled nitric oxide (NO)
in the post-LAS groups (Table 1). Changes in the degree of
critical illness after LAS implementation were not as
substantial in children as they were in adolescents, although
the proportion of children requiring mechanical ventilation
and hospitalization at the time of transplant did increase
(Table 2).

Median waiting times decreased markedly after LAS
implementation for all age groups (Table 1 and Figure 1B).
The proportion of listed candidates reaching transplantation
was higher after LAS implementation for all age groups
(Table 1 and Figure 2A), and the transplant rate similarly
increased (Table 1 and Figure 2B). The proportion of listed
candidates who died on the waitlist was lower after LAS
implementation for all age groups (Table 1 and Figure 3A),
but waitlist mortality increased for both adolescents and
children (Table 1 and Figure 3B).

Transplantation and survival analysis

A total of 24,584 deceased donor lung transplantations were
included in the transplantation analysis. Of these, 987
(4.0%) were for pediatric candidates. As with LASs at
listing, mean LASs at transplant were lower in children than
in adolescents and adults. Priority status classification at
transplant is presented in Table 2 for children listed after
January 1, 2010.
Similar to the waitlist analysis, the degree of critical
illness at transplant was higher for children than for adults
and adolescents in both the pre-LAS and post-LAS time
periods. Measures of critical illness at transplant increased
for all groups after LAS implementation, including increases
in any life support, mechanical ventilation, ECMO, inhaled
NO, hospitalization and intensive care unit stay (Table 2).

Median post-transplant survival increased after LAS
implementation for both adults (5.1 years pre-LAS vs
5.5 years post-LAS, p o 0.001; Figure 4A) and children
(6.5 vs 7.6 years, p ¼ 0.047; Figure 4C), but did not change
for adolescents (3.6 vs 4.3 years, p ¼ 0.295; Figure 4B). In
the post-LAS cohorts, median survival was higher for
children than for both adults (7.6 vs 5.5 years, respectively,
p ¼ 0.029) and adolescents (7.6 vs 4.3 years, p ¼ 0.006;
Figure 4D). There was also a trend toward higher median
survival in adults compared with adolescents in the post-
LAS time period (5.5 vs 4.3 years, p ¼ 0.093; Figure 4D).
Discussion

In this study, changes in waitlist and transplant outcomes
after implementation of the lung allocation score were
examined for pediatric and adult lung transplant candidates.
Key findings of the study were: (1) LASs were lower in
children than adolescents and adults, despite a greater
requirement for life support and a higher proportion of
waitlist deaths in child candidates; (2) requirements for life
support and hospitalization increased for candidates of all
age groups after LAS implementation; (3) waitlist outcomes,
including waiting times, transplant rates and waitlist
mortality, improved for all age groups, although the
magnitude of benefit was less for children compared with
adolescents and adults; and (4) post-transplant survival
improved after LAS implementation for adults and children,
but it did not change for adolescents.



Table 1 Waitlist Analysis

Adults Adolescents Children

Pre-LAS Post-LAS p Pre-LAS Post-LAS p Pre-LAS Post-LAS p

N 18,506 19,360 725 445 590 336
Age at listing (years) 47.7 � 12.5 53.8 � 13.4 o0.001 14.7 � 1.7 15.0 � 1.7 0.631 5.4 � 4.1 5.0 � 4.0 0.266
LAS at listing 42.3 � 14.8 39.6 � 13.1 36.7 � 12.5
LAS at list removal 48.8 � 19.3 49.5 � 20.2 40.1 � 16.1
Priority 1 status at listinga 51 of 152 (33.6%)
Priority 2 status at listinga 101 of 152 (66.4%)
Diagnosis grouping at listing

A (obstructive lung disease) 8,518 (46.0%) 6,055 (31.3%) o0.001 28 (3.9%) 10 (2.2%) 0.173 36 (6.1%) 19 (5.7%) 0.885
B (pulmonary vascular disease) 1,704 (9.2%) 837 (4.3%) o0.001 131 (18.1%) 62 (13.9%) 0.074 208 (35.3%) 127 (37.8%) 0.477
C (cystic fibrosis, immunodeficiencies) 2,598 (14.0%) 2,201 (11.4%) o0.001 443 (61.1%) 277 (62.2%) 0.711 163 (27.6%) 75 (22.3%) 0.085
D (restrictive/interstitial lung disease) 5,463 (29.5%) 10,267 (53.0%) o0.001 123 (17.0%) 96 (21.6%) 0.054 183 (31.0%) 115 (34.2%) 0.342

Life support at listing (any) 594 (3.2%) 1,210 (6.3%) o0.001 59 (8.1%) 65 (14.6%) o0.001 179 (30.3%) 106 (31.5%) 0.712
Ventilator 256 (1.4%) 782 (4.0%) o0.001 22 (3.0%) 41 (9.2%) o0.001 143 (24.2%) 92 (27.4%) 0.308
ECMO 37 (0.2%) 212 (1.1%) o0.001 5 (0.7%) 19 (4.3%) o0.001 22 (3.7%) 14 (4.2%) 0.727
Inotropes 1 (0.0%) 0 (0.0%) 0.982 23 (3.2%) 9 (2.0%) 0.273 86 (14.6%) 8 (2.4%) o0.001
Inhaled NO 4 (0.0%) 77 (0.4%) o0.001 0 (0.0%) 5 (1.1%) 0.008 2 (0.3%) 26 (7.7%) o0.001

Waitlist outcome
Transplant 9,737 (52.6%) 13,860 (71.6%) o0.001 292 (40.3%) 274 (61.6%) o0.001 250 (42.4%) 171 (50.9%) 0.014
Deathb 5,179 (28.0%) 2,792 (14.4%) o0.001 240 (33.1%) 93 (20.9%) o0.001 190 (32.2%) 84 (25.0%) 0.025
Recovered 1,248 (6.7%) 294 (1.5%) o0.001 45 (6.2%) 10 (2.2%) 0.002 53 (9.0%) 31 (9.2%) 0.906

Waiting time (median, IQ range, days) 379 (138 to 828) 83 (23 to 254) o0.001 414 (150 to 986) 104 (30 to 329) o0.001 211 (45 to 780) 109 (37 to 311) o0.001
Transplant rate (mean annual
transplants/100 person-years)c

29.0 � 4.5 122.3 � 21.7 o0.001 21.0 � 5.6 98.5 � 40.1 o0.001 24.0 � 10.9 75.8 � 36.4 o0.001

Waitlist mortality (mean annual
deaths/100 person-years)c

15.5 � 1.8 24.9 � 3.8 0.361 17.4 � 5.6 31.8 � 12.0 0.041 18.0 � 8.9 37.3 � 19.2 0.002

Bold values are statistically significant. The p-values represent comparison of pre-LAS vs post-LAS groups within the respective age group. ECMO, extracorporeal membrane oxygenation; LAS, lung allocation score; NO,
nitric oxide.

aApplicable only to child candidates listed after January 1, 2010.
bIncludes candidates with waitlist outcome of “too sick to transplant.”
cExcludes patients listed in 2005 (LAS implemented mid-year) and 2014 (incomplete data).
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Table 2 Transplant Analysis

Adults Adolescents Children

Pre-LAS Post-LAS p Pre-LAS Post-LAS p Pre-LAS Post-LAS p

N 9,737 13,860 292 274 250 171
Age at transplant (years) 50.4 � 12.1 54.9 � 13.2 o0.001 16.5 � 2.2 15.6 � 1.7 0.008 6.6 � 5.0 5.4 � 4.3 0.002
LAS at listing 42.0 � 13.8 38.8 � 11.2 37.1 � 12.1
LAS at transplant 47.3 � 17.5 45.8 � 17.6 39.1 � 14.6
Priority 1 status at transplanta 55 of 75 (73.3%)
Priority 2 status at transplanta 20 of 75 (26.6%)
Life support at transplant (any) 489 (5.0%) 1,428 (10.3%) o0.001 37 (12.8%) 47 (17.2%) 0.156 87 (34.9%) 68 (39.8%) 0.306

Ventilator 250 (2.6%) 1,034 (7.5%) o0.001 22 (7.5%) 34 (12.4%) 0.066 64 (25.6%) 63 (36.8%) 0.018
ECMO 38 (0.4%) 309 (2.2%) o0.001 1 (0.3%) 14 (5.1%) o0.001 5 (2.0%) 6 (3.5%) 0.366
Inotropes 0 (0.0%) 1 (0.0%) 0.402 5 (1.7%) 3 (1.1%) 0.726 30 (12.0%) 8 (4.7%) 0.010
Inhaled NO 4 (0.0%) 93 (0.7%) o0.001 0 (0.0%) 1 (0.4%) 0.484 2 (0.8%) 16 (9.4%) o0.001

Medical condition at transplant
Total hospitalized 776 (8.0%) 2,510 (18.1%) o0.001 69 (23.6%) 93 (33.9%) 0.007 107 (42.8%) 95 (55.6%) 0.013
Hospitalized, in ICU 332 (3.4%) 1,351 (9.7%) o0.001 27 (9.3%) 44 (16.1%) 0.016 79 (31.6%) 58 (33.9%) 0.672
Hospitalized, not in ICU 444 (4.6%) 1,159 (8.4%) o0.001 42 (14.5%) 49 (17.9%) 0.303 28 (11.2%) 37 (21.6%) 0.006

Post-transplant survival (median, years) 5.1 5.5 o0.001 3.6 4.3 0.295 6.5 7.6 0.047
1-year survival 79.1% 84.6% 80.7% 84.8% 78.6% 87.3%
5-year survival 50.6% 53.0% 42.3% 46.4% 53.7% 61.9%
10-year survival 28.5% 27.2% 36.1%

Bold values are statistically significant. The p-values represent comparison of pre-LAS vs post-LAS groups within respective age group. ECMO, extracorporeal membrane oxygenation; LAS, lung allocation score; NO,
nitric oxide.

aApplicable only to child candidates listed after January 1, 2010.
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Figure 2 (A) Proportion of listed candidates reaching transplantation before and after LAS implementation, by candidate age group.
(B) Annual transplant rate (mean annual transplants per 100 patient-years on waitlist) by year of listing and candidate age group. Dashed line
represents year of implementation of lung allocation score (LAS).
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The discrepancy between lower mean LASs and higher
rates of life support, hospitalization and waitlist deaths in
children suggests that the LAS under-represents the degree
of critical illness for child candidates, a finding that is not
unexpected. The LAS was not developed to be used in
child candidates and their data were not included in its
risk-prediction models.1 Therefore, the LAS models may
not appropriately weigh the mortality risk of certain
variables that have unique significance in pediatric
patients. For example, children suffer from different
diseases than adults, and certain pediatric diagnoses may
carry a disproportionately higher risk of mortality than
others in the same diagnosis grouping.1,25,26 Further, the
Figure 3 (A) Proportion of waitlist deaths before and after LAS imp
rate (mean annual waitlist deaths per 100 patient-years on waitlist) by yea
removals for both death and “too sick to transplant.” Dashed line repres
LAS includes several variables that are not commonly
obtained or are difficult to obtain in children, such as
forced vital capacity and 6-minute walk test. Default values
are substituted for missing data in the LAS calculation,
which may result in a LAS that does not accurately reflect
the severity of illness of a child candidate. The OPTN/
UNOS Lung Review Board recently affirmed that the LAS
is inappropriate for widespread use in children,26 although
the adolescent exception policy does allow older children
to be considered for inclusion in the LAS system when
appropriate.13

Despite the fact that the LAS is not applicable for use in
children, we demonstrated in this study that changes in
lementation, by candidate age group. (B) Annual waitlist mortality
r of listing and candidate age group. Waitlist death included waitlist
ents year of implementation of lung allocation score (LAS).



Figure 4 Kaplan–Meier analysis of post-transplant survival for (A) adults, (B) adolescents and (C) children listed before or after LAS
implementation. (D) Comparison of post-transplant survival for adults, adolescents and children listed after implementation of the lung
allocation score (LAS).
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outcomes for child lung transplant candidates have largely
mirrored those of their adolescent and adult counterparts
since LAS inception. Consistent with the intent of the LAS
to prioritize candidates with higher risk of waitlist mortality,
candidates of all age groups were more critically ill after
LAS implementation, as represented by higher proportions
of mechanical ventilation, ECMO and other forms of life
support, either at listing or transplant. The proportion of
patients hospitalized at the time of transplant also increased
for all age groups (Tables 1 and 2).

Marked improvements in median waiting times and trans-
plant rates were observed for all age groups in the post-LAS
time period. When depicted over time (Figures 1B and 2B),
these changes clearly coincide with implementation of the
LAS in 2005. Although similar findings have been well
established for adolescent and adult candidates,3,4 they are
especially intriguing for children given that the LAS did not
directly alter lung allocation policy for this group.
The proportion of deaths on the waitlist decreased for all
age groups after LAS implementation (Figure 3A),
although, perhaps counterintuitively, waitlist mortality rates
increased in child and adolescent candidates over the same
period (Figure 3B). This comparison highlights the
important point that waitlist mortality rates are dependent
on changes in waiting time, which is incorporated into the
denominator of the mortality rate calculation. Care should
be taken to avoid interpreting this increase in waitlist
mortality rates as an actual increase in waitlist deaths for
pediatric candidates.

Long-term post-transplant survival was improved for
child and adult recipients listed after LAS implementation,
yet it was unchanged for adolescent recipients (Figure 4).
The effect of the LAS on post-transplant survival cannot be
completely distinguished from overall trends of increasing
post-transplant survival over time,27,28 and earlier reports of
its effect have differed based on the duration of follow-up
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and the specific cohorts compared.3,29 It is notable,
however, that, in this study, long-term survival was not
diminished in any age group despite a higher degree of
critical illness at transplant. The combination of reduced
waitlist deaths, improved transplant rates and unchanged or
improved post-transplant survival suggests an overall net
benefit for all age groups in the post-LAS era. The survival
advantage for children compared with adolescents and
adults in the current era (Figure 4D) is consistent with other
reports and historic trends.30,31

Although causation cannot be definitively determined
from these data, the altered outcomes for children occurring
in the absence of the LAS are likely attributable to several
other modifications to pediatric lung allocation policy since
LAS inception. The earliest of these efforts was the Organ
Donation Breakthrough Collaboratives, established by the
Health Resources and Services Administration, which began
in 2003 and resulted in increased donor availability for
candidates of all ages.3,32 Subsequent policy changes
developed specifically for pediatric lung allocation included
broader geographic sharing for prioritized allocation of child
donor lungs to child candidates and a 2-tier priority system
for stratification of child candidates based on medical
urgency, both implemented in 2010.12 Although likely
having little impact on this study cohort, an adolescent
exception policy was also implemented in 2013, allowing
individual child candidates to participate in the LAS system
when appropriate.13 Finally, indirect effects of the LAS
itself may have contributed to altered outcomes for children,
perhaps by provoking a shift in listing practices and
adoption of an urgency-based prioritization philosophy
resulting from practitioner experience with the LAS in
older candidates.

Despite these many policy advancements for pediatric
candidates, the improvements in waitlist outcomes for
children were smaller in magnitude than those seen with
formal LAS implementation in adults and adolescents. For
example, the proportion of patients transplanted after LAS
increased by 19% in adults and 21.3% in adolescents, but
only 8.5% in children. Waitlist deaths decreased by 13.6%
in adults and by 12.2% in adolescents, yet by only 7.2% in
children. In addition, children still had the highest
proportion of waitlist deaths of all age groups (25% of
listed child candidates) (Table 1). Potential explanations for
the discrepantly high waitlist mortality in child lung
transplant candidates have been examined recently by other
groups. For example, shorter height was independently
associated with waitlist mortality for both overall and child
transplant candidates, suggesting that the incorporation of
this variable could improve the performance of the LAS and
help reduce waitlist mortality, especially for children.33,34

Ongoing refinement of the prioritization system may further
improve waitlist outcomes, although an LAS-like scoring
system may still be inappropriate for children, as discussed
earlier.

Increasing the number of donor lungs available to listed
candidates is potentially an even more effective approach to
improve waitlist outcomes for children. In contrast to adults,
there are adequate numbers of pediatric donors for the
number of listed pediatric lung transplant candidates, but
lung donation rates from these donors remain low.10 This
discrepancy likely results from the requirement for size-
matching in pediatric recipients and from inadequate
allocation of available pediatric organs, but recent analyses
have concluded that broader geographic sharing of all
pediatric donor lungs may help address the problem.3,10,26,35

As a result, the OPTN/UNOS Board of Directors recently
approved expanded geographic sharing to direct all lungs
from pediatric donors o18 years old to child candidates
o12 years old first within a 1,000-mile radius.26,36 This
policy seeks to maximize the availability of appropriately
sized pediatric donor organs to pediatric candidates, and
may especially benefit older children nearing age 12 who
could accommodate lungs from smaller adolescent donors.
The new policy change provides for broader sharing and
also for ABO-incompatible transplants in children listed
before their second birthday.26 Additional means of broad-
ening the pediatric lung donor pool include more aggressive
management of potential pediatric donors as well as
incorporation of emerging techniques and technologies to
facilitate evaluation and potential use of more marginal
donors (such as donation after cardiac death and ex-vivo
lung perfusion). Incorporation of these new policies and
practices will likely expand upon the improved outcomes
demonstrated here for both child and adolescent lung
transplant candidates.

Limitations

As with any retrospective database review, we could not
definitively determine causation for the altered outcomes
described in this study, as it was impossible to control for
advances in medical care over time that may have
contributed. The pre-LAS time period was limited to listings
after 1995 to reduce the impact of an “era effect,” although
it cannot be completely removed.

In addition, because LAS was not actively used for
matching in child candidates, missing data for the input LAS
variables may have contributed to the overall lower calculated
LASs for child candidates. Unfortunately, we were unable to
determine the extent of missing input data for the LAS fields.

Finally, organ allocation policies work in large part by
limiting the placement of patients on the waitlist.37 Because
the OPTN/UNOS database includes data only on listed
candidates, we were unable to analyze whether care was
improved for the entire pool of patients who could benefit
from transplantation.

Disclosure statement

The authors have no conflicts of interest to disclose. The content is
the responsibility of the authors alone and does not necessarily
reflect the views or policies of the U.S. Department of Health and
Human Services, nor does mention of trade names, commercial
products or organizations imply endorsement by the U.S. Government.
This study was supported by the National Institutes of Health (Grant
T32-HL-007776-19 to T.S.L.) and by the Health Resources and
Services Administration (Contract 234-2005-37011C). These study



Lancaster et al. Pediatric Lung Transplant Post-LAS 9
findings were part of an oral presentation at the 37th annual meeting of
the International Society for Heart and Lung Transplantation,
Washington, DC, April 2016.

Supplementary materials

Supplementary data associated with this article can be found
in the online version at www.jhltonline.org.
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