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Abstract

Lung transplantation is a recognized therapy for end‐stage respiratory failure in

children and young people. It is only available in selected countries and is limited by

access to suitable organs. Data on disparities in access and outcomes for children

undergoing lung transplantation are limited. It is clear from data from studies in

adults, and from studies in other solid organ transplants in children, that systemic

inequities exist in this field. While data relating specifically to pediatric lung

transplantation are relatively sparse, professionals should be aware of the risk that

healthcare systems may result in disparities in access and outcomes following lung

transplantation in children.

K E YWORD S

lung transplantation, social dimensions of pulmonary medicine

1 | INTRODUCTION

There are almost 70,000 episodes of lung transplantation recorded to

date in the International Society of Heart and Lung Transplantation

(ISHLT) registry,1 of which 2777 are recorded as pediatric proce-

dures.2 The approximate incidence of pediatric lung transplantation is

around one procedure per 10 million of total population per annum in

developed countries with an established pediatric program. Pediatric

lung transplantation is thus a rare event, and while readers will be

familiar with the pathologies that may lead to a need for

transplantation, many respiratory pediatricians will only care for

one or two patients who have been listed, or successfully

transplanted, during their careers.

Measuring disparities in care for rare events is challenging, as

data are scarce. The only systematic review of social determinants of

health in pediatric solid organ transplants includes 93 studies, of

which only one mentions any data on lung transplantation.3 As

healthcare professionals, however, we should be mindful of the risk

that external factors may play a role in determining who eventually

receives donor lungs. By examining the pathway to transplantation,

and by describing data from adult lung transplantation as well as from

other solid organ transplant activity, we will outline the potential risks

to disparity in this small group of patients, and describe the current

system and technological approaches that seek to mitigate these

risks.

2 | LUNG TRANSPLANTATION AS A
THERAPY FOR END‐STAGE RESPIRATORY
FAILURE IN CHILDREN

The first successful pediatric lung transplant was performed in 1987,

at the University of Toronto, for a 16‐year‐old patient with

pulmonary fibrosis.4 Since then, lung transplantation has become

established as a treatment for end‐stage respiratory failure in

children and young people. The commonest disorders resulting in

listing for pediatric lung transplantation in the era 2010–2018 are

cystic fibrosis (CF, 51%), pulmonary vascular disease (21%), and
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childhood interstitial lung diseases (chILD, 11%)2; the impact of CF

transmembrane regulator (CFTR) modulators is predicted to decrease

transplantation for CF, whereas pulmonary vascular diseases and

chILD appear to be increasingly recognized.5

Following referral to transplant teams, patients undergo a series

of investigations as part of a structured assessment. As well as

assessments of respiratory efficiency (lung function, exercise tests,

polysomnography), imaging (computed tomography [CT] scan and

plain radiograph, abdominal ultrasound, echocardiography, dual

energy X‐ray absorptiometry scan), and renal function, a detailed

psychosocial history including adherence/concordance to therapies,

schooling, and family support is a key part of the assessment.6

Neuropsychological outcomes are reported as improved following

transplantation.7

Surgery is via a transverse thoracotomy (“clamshell incision”) or

median sternotomy, with bilateral bronchial and pulmonary artery

anastomoses. Historically, breakdown of the airway anastomoses was

a repeated concern postoperatively,4 modern surgical techniques and

immunosuppressive agents have made this a rarer event.6 Post-

operatively, patients remain in intensive care for approximately 7

days and are discharged around 3 weeks following the operation.

There is initially a period of frequent follow‐up; monitoring for

rejection, opportunistic infection, and side effects of life‐long

immunosuppression. Patients transition to specialist adult centers

for ongoing care once they reach late adolescence. International data

demonstrate a median conditional survival (those alive at 1 year

postprocedure) of around 9 years.2

3 | INDICATIONS FOR REFERRAL TO
LUNG TRANSPLANTATION TEAMS

The ISHLT International Guidelines for the Selection of Lung

Transplant Candidates were first published in 1998 with updates in

2006, 2014, and 2021,8 new pediatric‐specific guidelines are

currently in preparation. Children and young people should be

referred if they have a progressive lung disease on maximal medical

therapy, with a short predicted lifespan and/or poor quality of life. As

waiting times are longer, particularly for smaller children, early

referrals are advised. These consensus statements play out in day‐to‐

day practice depending on the underlying disease and the age of the

child, and additional factors including donor organ availability

(predominantly relating to recipient height and blood group), existing

sensitization to human leucocyte antigen (HLA) types carried by

potential donors, and rate of disease progression. To assess the

factors that may introduce disparities into the system, it is first

important to understand those pathways, which may differ from

country to country in specific aspects but are broadly similar overall.

Children and young people with significant respiratory disease

first need to come to the attention of medical teams. Patients with

repeated chest infections, with significant symptoms of breathless-

ness and wet cough, are likely to come to medical attention, whereas

those with idiopathic pulmonary hypertension depend on physicians

recognizing the possibility of the diagnosis and having access to

echocardiography, as well as to pediatric cardiologists with expertize

in this area. Children with failure to thrive, or wheeze not responding

to usual medical therapy, as seen in some presentations of interstitial

lung disease, again depend on diagnosis by experienced clinicians, as

well as access to CT scans and lung biopsies, and radiologists and

histopathologists who can support the diagnostic process.

Once a disorder is recognized and medical treatment started, the

progression of the disease depends both on the ability of medical

teams to deliver appropriate therapies and the access that patients

have to those therapies. For example, before September 2022,

patients in Canada with CF would be eligible for referral for lung

transplantation at one of a number of highly experienced centers, yet

may not have had access to elexacaftor/tezacaftor/ivacaftor (ETI;

“Trikafta”, “Kaftrio”) on the basis of local funding decisions,9 these

CFTR modulators are projected to decrease the number of patients

with severe CF lung disease by 60%.10 At the time of writing, age cut

offs for access to ETI differ around the world (12 years and above in

Canada and Australia, 6 years and above in the United Kingdom and

Ireland). Wider access to these medications should result in a large

proportion of patients with CF being removed from active listing,

following an existing trend of fewer patients with CF requiring

transplantation over the last decade.5 These medications are

expensive,11 and it is notable that they are predicted to improve

the median age of survival by 9.2 years,10 which is 0.1 years longer

than conditional median survival following pediatric lung transplan-

tation.12 Lack of access to these medications in some parts of the

world is an obvious source of disparity for children who are

potentially on a transplant pathway. “Disparity” can act in both

directions, and a situation where funding decisions affect access to

maximal medical therapy, meaning that referral to transplant occurs

earlier in one patient group compared to another lacks equity, no

matter how “good” the access to a transplant service. A treatment

course where the provision of ETI provides an additional 9 years of

survival before listing for lung transplantation appears preferable

overall to lung transplantation earlier in life.

Pediatricians working in teams caring for children with end‐stage

lung disease need the knowledge and experience to recognize when a

transplant referral is indicated. This is a challenging time for patients

and families as it may be a point at which the severity of their

condition is acknowledged openly by referral to an external team.

Early referral where possible is repeatedly stressed in consensus

documents,8 but some of the terminology in these documents is less

specific than a clinician may need at the point of decision making;

how to define a “short life expectancy” or a “poor quality of life”? As

transplantation services are highly centralized in many countries, only

a minority of pediatric respiratory physicians will be exposed to

transplant assessments during their training. In our center, we

consider a short life expectancy to be less than 2 years (with all the

inherent uncertainty in trying to predict this) and would judge a “poor

quality of life” to be one where significant breathlessness with/or

hypoxia limit children to being housebound, or only able to attend

school for limited periods in a wheelchair with supplemental oxygen.

2 | BRUGHA ET AL.
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Although specific criteria for referral are agreed in consensus for both

CF13 and pulmonary hypertension,14 outside of these diagnoses the

decision to list comes down to subjective judgments, which it is

important to be open about with children and families as well as

referrers.

Transplant teams seek to avoid, where possible, referrals

where the patient is felt to be less likely to survive the probable

time that they may wait for a suitable organ offer, and, therefore,

erring on the side of earlier referral is advised.8 Early discussions

are certainly helpful, and may postpone or avoid the need to go on

to a formal referral at that stage following a discussion between

teams, we encourage this approach in our practice in the United

Kingdom.

Evidence to support current practice in this area can be

extrapolated from adult lung transplant services in the United

Kingdom. The second Atlas of variation in risk factors and

healthcare for respiratory disease in England examined the variation

in rate of lung transplants per population by the Strategic Health

Authority in England for 2017/2018.15 For 284 new registrations to

the adult lung transplant list in the time period, the National Health

Service Blood and Transplant Annual Report on Cardiothoracic

Transplantation found no evidence of geographical variation

between Strategic Health Authorities (geographical areas in England

by which healthcare is organized) beyond what would be expected

at random. This suggests that referrals are evenly distributed across

England by adult respiratory physicians. This study has not been

repeated for pediatric lung referrals, but evidence from referrals for

children with transplant‐eligible end‐stage kidney disease in the

United Kingdom16 suggests that neither geographical location nor

socioeconomic deprivation is associated with late presentations to

services. While renal services differ to lung transplant services in

that there is a long‐term alternative to transplantation (via dialysis),

this study assessed data on 2160 children aged 3 months to 16

years, and did not see an effect of distance to center, or

socioeconomic status,17 and, therefore, it could be postulated that

there may be a protective effect from universal healthcare systems.

However, a study of adult renal patients encompassing all 71 renal

centers in the United Kingdom18 did show socioeconomic status

was associated with a lower incidence of pre‐emptive listing for

transplantation. Taking a wider view, a recent systematic review of

pediatric solid organ transplant care related to social determinants

of health, predominantly reviewing data from studies including

kidney and liver patients in multiple countries,3 demonstrated

consistent disparities in outcomes related to ethnicity including

timing and likelihood of transplant, as well as posttransplant

outcomes including rates of rejection, incidence of graft failure,

and overall mortality. In those with renal disease, Black children had

a longer wait for transplant,19 and Black and Hispanic children were

more likely to spend at least 12 months on dialysis before

transplant.20,21 Findings related to insurance status, location, and

socioeconomic status varied3 but financial issues were highlighted

as the primary barrier to transplantation in studies in the United

States.22,23

4 | DISPARITIES WITHIN LUNG
TRANSPLANT SERVICES

This is a contentious area, within which the main debate is about how

services are arranged. Lung transplant services for children and

young people can either be embedded within larger adult services or

delivered by services specializing in pediatric care alone. The benefits

of embedding with adult teams are those of greater experience due

to volume (around 20 times more adult than pediatric lung

transplants take place per annum in the United Kingdom),24 and

although it appears intuitive that higher center volume should result

in improved outcomes this is not necessarily the case for pediatric

patients and may be disease‐specific.25 In one registry study,26

younger patients (<12 years) who had their surgery in a high‐volume

pediatric center (>4 transplants/year) had better 30‐day graft survival

than those operated on in a combined adult–pediatric center, with

trends toward better overall survival, and 1‐year conditional survival

versus low‐volume pediatric centers (<4 transplants/year) and adult

centers. In children aged under 12 years, those undergoing surgery in

a high‐volume center had a median survival of 7.6 versus 2.9 years

for those in a low‐volume center (p = .002). Similar trends were seen

in older children (12–17 years).

Adult physicians and multidisciplinary teams will be less

experienced in pediatric‐specific diseases (such as childhood ILD),

consent, safeguarding, and adherence issues relevant to pediatric

practice, growth and nutrition, and medical care of children following

transplantation. These aspects are particularly relevant in infants and

young children undergoing transplantation. Services delivered by

pediatricians benefit from these strengths, and the surgeons working

in these teams will be more experienced in performing operations on

younger children, including highly specialized procedures such as

“trimming” (selective lobectomy or partial lobectomy of donor lungs

to fit the recipient thorax). Due to the infrequent nature of the

surgery, however, surgeons will perform fewer transplants per annum

and opportunities for training will be limited by this. In a resource‐

limited environment, it is possible that surgeons with varying practice

and experience in highly specialized surgery may not always be

immediately available (e.g., if another thoracic organ offer has come

in immediately before a current offer). Potential novel approaches to

these challenges include organizing regional rotas for on‐call

surgeons (mirroring the model used by organ retrieval teams) to

avoid supra‐regional disparities in access to emergency surgery.

5 | DISPARITIES IN PEDIATRIC
TRANSPLANTATION OF OTHER SOLID
ORGANS

The is a growing body of evidence that children who require

transplantation of other solid organs (kidney, liver, and heart) face

disparities at various points in the transplantation pathway; from

accessing the waiting list through to posttransplant outcomes.

Examining this evidence demonstrates several common themes that

BRUGHA ET AL. | 3
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are likely to become increasingly relevant to the field of pediatric lung

transplantation as lung transplant programs continue to develop and

expand around the world.

5.1 | Sex and gender

There is disparity in access to solid organ transplantation, and in

outcomes posttransplantation, with respect to sex and gender.27

Across adult and pediatric practice, women and girls have less access

to organs and poorer outcomes; the reasons for these are

multifactorial and depend on health systems as well as differences

in the prevalence between sexes in diseases resulting in end‐stage

organ failure, and biological factors, and are extensively reviewed.27

For lung transplantation overall, it appears that women have better

outcomes than men in terms of graft survival.28 Specific to pediatric

lung transplantation, one single‐center study (n = 58) reported poorer

outcomes with respect to the female sex, sex‐mismatched trans-

plants, and particularly male donor to female recipient,29 these

analyses are based on comparisons between 12 and 18 transplants

and the authors highlight the need for further studies to investigate

this further. A preceding single‐center study (n = 53) did not find an

association between sex and outcomes.30

5.2 | Ethnicity

Ethnicity is perhaps the most widely studied variable in the context of

transplant inequity. In kidney transplantation, children from minority

ethnic backgrounds are significantly disadvantaged at every stage of

the treatment pathway with late referral to specialist services,31

reduced access to the waiting list,32 longer waiting times,19,33–35 a

lower likelihood of receiving a kidney transplant from both deceased

and living donors,31,33,34,36–38 decreased rates of pre‐emptive

transplantation,31,34 and significantly poorer long‐term graft sur-

vival.20,39,40 These disparities are widespread across many different

countries and have predominantly been reported among Black and

Hispanic patients in the United States, Black and Asian patients in

Europe, and Indigenous and Aboriginal patients in Canada, New

Zealand, and Australia. Several studies from the United States show

that ethnic minority children undergoing heart transplantation

experience higher waiting list mortality,41,42 increased rejection

episodes41,43 and two to three times higher rates of graft loss and

patient death posttransplantation.43 Interestingly, ethnicity has not

been shown to be a major determinant of transplant outcomes in

pediatric liver transplantation, except for being associated with a

reduced likelihood of living donor liver transplantation.44–47 There

are many potential complex reasons for these concerning differences

in care. Biological factors such as HLA and blood group types of

minority ethnic patients can contribute to a reduced likelihood of

receiving a donor organ due to scarcity of compatible donors. Organ

donation is less accepted in ethnic minority communities and data

from the United Kingdom show that the family authorization rate for

organ donation in potential pediatric donors is considerably lower

amongst Black, Asian, and Minority ethnic families compared with

White families (37% vs. 61%).48 This leads to underrepresentation of

minority ethnic groups in the donor pool. There may be reduced

awareness or acceptance of transplantation as a treatment option in

specific communities, where cultural or religious beliefs and language

barriers are contributing factors. Similarly, clinicians and healthcare

providers may themselves hold preconceived ideas or biases

toward specific ethnic groups. Certain hereditary diseases or

comorbidities such as obesity, diabetes, and hypertension are more

common in patients from ethnic minorities49 which can not only

affect their own suitability for transplantation but also the suitability

of their relatives to become living donors. This also prolongs the

transplant evaluation period. Furthermore, all of the above issues

may result in patients having more severe disease by the time they

are listed or transplanted, leading to higher waiting list mortality and

worse posttransplant outcomes. The intricate relationship between

ethnicity and socioeconomic deprivation is another important

consideration which may impede access to optimal care such as

adherence to immunosuppressive medications or attending specialist

services for follow‐up. Several studies demonstrate an interaction

between ethnicity and socioeconomic deprivation whereby disparit-

ies for certain ethnic minorities in pediatric transplantation are

somewhat mitigated by socioeconomic status.32,50

5.3 | Socioeconomic deprivation

The association between socioeconomic deprivation and child health

outcomes is well established and has been reported in the context of

both public and private healthcare systems. Socioeconomic depriva-

tion can be measured by lack of health insurance, low income, or

socioeconomic deprivation scores. In pediatric kidney transplantation

socioeconomic deprivation appears to mostly affect the earlier stages

of the transplantation pathway including referral to specialist

services,51,52 activation on the waiting list,32,53 and pre‐emptive

transplantation.16,52 This is particularly concerning for children with

renal failure, where early diagnosis and access to pre‐emptive

transplantation confers significant benefits on growth, development,

and survival by avoiding the detrimental effects of dialysis. Children

from more socioeconomically deprived backgrounds are at higher risk

of mortality on the liver transplant waiting list,47 long‐term graft

failure and death after liver transplantation,50,54 and have poorer

survival both on the waiting list and after heart transplantation.55 The

mechanisms by which social deprivation affects access to and

outcomes from transplantation for children are complex and closely

related to parental disadvantages and the community in which they

live. Financial disadvantage may significantly impact a child's ability to

access healthcare services and treatment, particularly in private

healthcare systems. However, other hidden costs such as transport to

frequent hospital appointments, ability for parents to take time off

work or costs of staying near to specialist transplant centers may all

provide significant barriers for families from low‐income

4 | BRUGHA ET AL.
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backgrounds. Socioeconomic deprivation is strongly associated with

lower educational attainment and reduced health literacy, which may

influence parent's perception and understanding of transplantation

and subsequent decisions they make on behalf of their child.56–58 For

example, many of the concepts and discussions in the transplant

space depend on written materials and internet resources to support

the face‐to‐face clinic discussions, and parents with literacy or

financial challenges may find it difficult to understand (or access)

these materials. The immunosuppression regimes after transplant

involve multiple medications, with doses that may change frequently

depending on drug levels and if parents find it hard to access, retain,

or act on changing information then this may disadvantage their child.

Parents with reduced confidence and ability to participate in medical

discussions are less engaged with the transplantation process,

resulting in lower motivation and capacity to be an advocate for

their child through, for example, recruiting potential living donors.

This is compounded by lack of social support in deprived families.

Children living in poverty‐stricken areas may also be affected by

inadequate and stretched healthcare services leading to poorer care

compared to more affluent areas.

5.4 | Geography

Where a child lives has been shown to significantly affect their access

to and outcomes from organ transplantation. However, these

associations vary widely between different countries. In the United

States, living further away from the child's transplant center is

associated with increased mortality on the kidney and liver waiting

list, but is not related to the likelihood of receiving a transplant, that

is, the higher risk of death is not a result of a lower chance of

transplantation and other factors are at play.37,47 There is also

significant inter‐center and interregional variation in the United

States in access to transplantation and waiting list mortality for

children who need a liver or heart transplant.55,59 In Canada, further

distance from the renal transplant center is associated with a lower

likelihood of transplantation33 and in Australia, children from remote

regions are less likely to undergo pre‐emptive transplantation.60 In

the United Kingdom, distance to center is not associated with kidney

transplantation after adjusting for other factors.16 In France, children

treated in a pediatric versus adult renal transplant center have a

lower likelihood of transplantation, which is felt to be due to

differences in center practices where pediatric centers use stricter

HLA matching requirements.61 Geographical disparities can be

caused by a number of different factors. Wide variation in center

practices have developed, often within the same country, due to lack

of evidence‐based guidelines on patient assessment processes and

acceptance criteria for transplantation. Regional differences in

transplantation outcomes may also be related to variations in donor

availability, in countries that do not employ national organ allocation

systems. Differences in the availability of resources can also lead to a

postcode lottery in care. Children who live further away from tertiary

centers are likely to experience greater challenges in accessing

specialist centers and receiving follow‐up care, and in some cases, the

family will need to take into account the need to move house for the

uncertain duration of time while their child is on the waitlist.

Although this problem is also seen in the adult transplant population,

the problem is magnified for pediatric patients where the number of

pediatric transplant centers is even smaller. Where a child lives is

closely linked with socioeconomic deprivation. In the United

Kingdom, a higher number of affluent children live remotely, whereas

for Australian children, the inverse is true.60

There is currently a paucity of research and understanding of the

underlying mechanisms behind the disparities in pediatric transplan-

tation and consequently a lack of effective solutions. More needs to

be done to ensure that all children have equitable access to

transplantation with optimal outcomes.

6 | ORGAN OFFERS AND ALLOCATION
POLICIES

Wait times for suitable organ offers vary from country to country.

This is related to a number of factors including rates of accidental

deaths in children and young adults62 (as way of illustration, in 2010,

children in the United States were five times more likely to die in a

road traffic accident than children in the United Kingdom),63 as well

as rates of organ donation, approaches to donor management in the

intensive care unit, and technological approaches to increasing the

utility of potential organs. Many of the factors that are key to

accepting organ offers are nonmodifiable (donor age, donor height—

as a surrogate for organ size, donor co‐morbidities, and smoking

status), but newer technologies mean that some of the other factors

(donor blood group epitope status, organ function, organ size and

distance to transplant center) may be modifiable now, or in the

future.

In adults, the median time to lung transplant following listing in

the United States is 42 days,64 in the United Kingdom it is 422

days.24 Directly comparable data for pediatric patients is less

available, in the United States 45.4% (six of 14 patients) had been

on the waitlist less than 6 months at the time of reporting for the

2020 data,64 median waiting time in the United Kingdom from 2015

to 2018 for pediatric patients was 210 days (17 transplanted from 23

registrations).24 Waitlist mortality varies due to fluctuations in small

numbers but is around 25% in the United States65 and United

Kingdom.24 Waitlist times are shorter and waitlist mortality is lower

for pediatric patients in Australia.66

Countries differ in their approach to allocating organs to specific

recipients.67 In the United Singdom, and countries in Europe that

participate in Eurotransplant, previously a “lung allocation score”

(LAS) was used to determine which recipient was most in need (and

would be predicted to derive the most benefit) from new lungs68; it

has recently been updated by a “composite allocation score” (CAS). In

the United States the CAS, and previously the LAS, replaced a

previous system based on time on the waiting list which perversely

incentivized clinicians to list patients early.68 This is relevant to

BRUGHA ET AL. | 5
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pediatrics as the CAS is calculated from 12 years of age.67 Patients

under 12 years in the United States are listed as “priority 1” or

“priority 2” on the basis of disease severity.69 Canada uses a “status”

system70 and the United Kingdom uses a tiered system (super urgent,

urgent) followed by regional offers.71 A detailed review of how these

systems affect adult lung transplantation is beyond the scope of this

review72 but, inevitably, the way organs are allocated must benefit

some individuals at the expense of others as no system can be

perfect; and allocation systems are regularly reviewed and updated to

adjust for discrepancies as they become apparent.67,72,73

7 | TECHNOLOGICAL APPROACHES TO
ADDRESSING THE AVAILABILITY OF
DONOR LUNGS

Disparities emerge in healthcare as new technologies emerge, as

highlighted above when considering access to CFTR modulators. In lung

transplantation, techniques in ex‐vivo lung perfusion (EVLP) have

developed to a point where lungs deemed unsuitable for transplant

(due to aspirated secretions, ventilator‐acquired infection) can be

resuscitated and subsequently used, with outcomes comparable to those

seen using lungs that satisfy usual criteria at up to 1‐year posttrans-

plantation.74 Expanding the donor pool in this fashion should decrease

waiting times for organs, and as regulators and funders in different

countries move at different speeds, disparities can arise. The United

States and Canada have a history of reciprocal organ sharing and the early

development and adoption of EVLP in Canada has led to a disparity in

access to these resuscitated lungs, with organs declined by US centers

being subsequently transplanted into patients in Canada75 with similar

outcomes both short term and at up to 5 years. It therefore appears that

US centres are declining organs that could be used for patients on their

waiting list, putting them (and those behind them on the list) at a

disadvantage.76 Center volume again appears to be important with better

outcomes in high‐volume centers with greater EVLP experience.77

Experimentally, EVLP can be used to support newer approaches such

as prolonged organ preservation allowing for much longer travel times (up

to 3 days78) and addressing blood groups A, B and O mismatch,79 with

the potential to dramatically reduce waitlist times if widely adopted, but

as with many emerging health technologies there are significant cost

implications for health systems willing to act as early adopters.

8 | SUMMARY AND CONCLUSIONS

Significant disparities are identified in pediatric solid organ transplan-

tation,3 and while data for pediatric lung transplantation are scarce it

would be remiss of professionals active in the field to assume that

this means that the factors affecting renal, liver, and heart recipients

do not affect children with end‐stage respiratory failure. Of the

factors highlighted, geography (distance to center) is likely to be of

the greatest importance with only 31/195 countries providing a

transplant service67 and little coverage for large populations in South

East Asia and South America. Of the published data on outcomes, it

does appear that centers performing higher numbers of pediatric

transplants report improved survival, particularly in younger chil-

dren,26 and as overall numbers of lung transplants decrease in the

CFTR modulator era, this finding may provide a driver for some

centers to amalgamate their resources. This will have to be balanced

against geographical factors as centralizing services resulting in

greater journey distances to the transplant center for some families.

If centers remain in the locality then efforts to share learning via

digital hub and spoke models may support multidisciplinary teams in

lower volume centers.

Additional bottlenecks are likely to be the number of surgeons

who can perform superspecialist procedures such as lung trimming,

and the availability of EVLP to increase the number of organs suitable

for transplantation. The next decade should be a period of growth for

pediatric lung transplantation if these challenges are met, and efforts

to assess for potential disparities in the services we provide should

run parallel to these endeavors.
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