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Diagnostic Groupings 

To calculate lung allocation score (LAS), the Lung Allocation System groups patients age 12 

years or older into one of four diagnosis categories, based on natural history of disease 

(Supplemental Table 1). Patients with emphysema, pulmonary hypertension (primary or 

Eisenmenger’s syndrome), cystic fibrosis (CF), and pulmonary fibrosis made up over 80% of 

waitlisted and transplanted patients when initial analyses were performed. These were the 

original four groups of patients (A, B, C & D). Other diagnoses were assigned to one of these 

groups by members of the Lung Allocation Subcommittee based on their waitlist and post-

transplant survival probabilities if there were sufficient numbers to calculate these, and based on 

the natural history and types of lung disease (obstructive or restrictive). 

 

Patients with sarcoidosis had waitlist survival probability and post-transplant survival probability 

that was different from that observed for chronic obstructive pulmonary disease (COPD) (Group 

A) and restrictive lung diseases (Group D). When patients with sarcoidosis were stratified based 

on their mean pulmonary artery (PA) blood pressure, it appeared that pulmonary hypertension 

was associated with lower waiting list survival, and lower post-transplant survival, comparable to 

idiopathic pulmonary fibrosis (IPF) patients.  Patients with sarcoidosis with normal mean PA 

pressure (≤ 30 mm Hg) had similar waiting-list and post-transplant survival rates as those with 

COPD. Therefore, patients with sarcoidosis with a mean PA pressure ≤ 30 mm/Hg were 

assigned to group A, while those with sarcoidosis and a mean PA pressure >30 mm/Hg were 

assigned to group D. 

 

Bronchiolitis obliterans syndrome (BOS) is a consequence of chronic rejection following lung 

transplantation (LTX), and is the most common reason for lung re-transplant. Although BOS is 

primarily an obstructive form of lung disease, analyses performed determined that waitlist and 
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post-transplant survival of re-transplant patients was essentially the same as other diagnoses in 

Group D rather than Group A. Accordingly, re-transplant patients were assigned to Group D. 

 

For each of these four diagnostic groups, risk factors for waitlist death and death in the first year 

after transplant were determined by Cox proportional hazard models, so that predicted waitlist 

and post-transplant survival probability curves could be generated for each patient on the list. 

From these survival probability curves, transplant benefit is calculated as the difference in 

number of days of predicted survival after transplant in the first year if transplanted (area under 

the post-transplant survival probability curve) and the predicted number of days of survival if the 

patient remained on the waitlist (area under the waitlist survival probability curve). It has been 

suggested that longer post-transplant survival time should factor into the lung allocation scheme 

and the calculation of transplant benefit. However, the Subcommittee felt that factors after 

transplant, particularly compliance, and human leukocyte antigen (HLA) and cytomegalovirus 

(CMV) mismatch (random and programmatic preferences) would factor into longer term survival. 

Rightly or wrongly, members of the Subcommittee felt that reliable pre-transplant predictors of 

early post-transplant mortality should be incorporated into the algorithm. 

 

For purposes of this analysis, we chose to separate re-transplant candidates, patients with 

sarcoidosis (that are assigned to either Group A or Group D), patients with autoimmune 

diseases (that generally have restrictive lung diseases, and are in Group D), and a small group 

of unusual indications for LTX assigned to Group D that are not typically thought of as 

pulmonary fibrosis patients, including bronchoalveolar carcinoma, and other unusual diagnoses 

requiring specification at listing. This was done to allow for analysis of patients with fibrotic lung 

diseases, and to analyze the effect of LAS on re-transplant, sarcoidosis, and autoimmune 

diseases separately, because it was clear at many centers that opportunities for re-transplant 
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and transplant for autoimmune diseases was improved after introduction of the LAS. Also for 

this analysis, COPD includes all patients in Group A (COPD, chronic bronchitis, α1 anti-trypsin 

deficiency, other obstructive lung diseases), except patients with sarcoidosis.  

 

Pulmonary Hypertension (PH) 

From the outset of analyses, there were few predictors of death on the waiting list for patients 

with PH. This confused members of the pulmonary community, because elevated PA pressure, 

and elevated right atrial (RA) pressure in particular, were known risk factors for death among 

PH patients(1). However, PH patients listed for LTX are a subset of all PH patients. Almost all 

listed patients have systemic pulmonary pressures with high central venous pressures (CVPs). 

Thus well-intentioned analyses using other data sets that recommended using CVP as a 

predictor of waitlist death(2) suffer from the same inadequacies. Analyses after introduction of 

the LAS suggesting other models to predict waitlist death(3) suffer from the same shortcomings 

– missing data from the pre-LAS period, with more up-to-date data after introduction of the LAS. 

Even after introduction of LAS, although there appeared to be a benefit for patients with 

pulmonary hypertension secondary to their IPF, COPD, or CF, there was no impact on waitlist 

mortality for the small number of patients listed with primary PH(4). A Lung Review Board can 

approve a different score for any patient, and can consider appeals for other unusual 

circumstances. The Lung Review Board has a policy to adjust LAS to the 90th percentile for PH 

patients who become refractory to medical therapy. Hopefully, the new changes to the LAS 

introduced in February 2015 will reduce waitlist mortality for PH patients.  

 

Pediatric Lung Allocation 

As mentioned, the lung allocation system came under fire because of lung allocation to pediatric 

patients, particularly those who are under age 12 (5-7).  In June 2013, parents of Sarah 
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Murnaghan, a 10-year old Pennsylvania girl, challenged OPTN policy that reduced exposure to 

potential recipients under age 12 to lungs from adult donors. A judge ordered the OPTN to 

make an exception and allow access to adult lungs, effectively requiring the OPTN to alter lung 

allocation policy. The lung allocation system calculates lung allocation score (LAS) for all waitlist 

candidates age 12 and older, and allocates lungs based on LAS to candidates over the age of 

11. This age cutoff was not arbitrary, as implied in several news media stories. It was based on 

careful analysis of patient listings by age on a year by year basis, and after consultation with the 

small number of programs that performed the largest number of lung transplants in this age 

group(8). The consensus of these programs was that waiting time, while not ideal, would be 

used until a better system could be devised. A prioritization system for lung recipients under age 

11 has been implemented, but is still based on waiting time. 

 

The Murnaghan case underscored the challenges in understanding the lung allocation system, 

even among experienced transplant surgeons(5).  Practical limits to the availability of lungs for 

small children are the size restrictions of a small thorax in pre-pubescent children, and the 

paucity of brain-dead organ donors in this size appropriate age range. There are adequate 

number of donors in this age range for the number of listed recipients(6).  

 

According to OPTN policy, lungs from pediatric (<18 years of age) donors must first be offered 

to pediatric recipients. Lungs from donors age 12-17 are offered to recipients age 12-17 based 

on LAS, then to children under age 12 based on waiting time, before they are offered to adults. 

Allocation of lungs within the local organ procurement organization (OPO) first often results in 

allocation of these small pediatric donors to adolescents or small adults locally. Access to adult 

lungs might allow downsizing by lobar lung transplant, but many potential recipients under age 

12 are too small for adult lower lobes. Thus, access to adult lungs may not be helpful to most 
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small children. Broader geographic sharing of pediatric donor lungs might successfully address 

this problem(6). This was the conclusion of a recent analysis of OPTN data using SRTR 

simulation models(9).  
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Supplemental Table 1. Diagnosis Groupings 
 
Group A: Obstructive lung diseases – emphysema (the vast majority), chronic bronchitis, 
including α1-antitrypsin deficiency emphysema, lymphangioleiomyomatosis, other obstructive 
lung diseases, and sarcoidosis with mean pulmonary artery pressure ≤ 30 mm Hg.  
 
Group B: Pulmonary vascular diseases – primary pulmonary hypertension and Eisenmenger’s 
syndrome. 
 
Group C: Cystic fibrosis  and immunoglobulin deficiencies. 
 
Group D: Restrictive lung diseases – predominantly pulmonary fibrosis (idiopathic), 
occupational, and a variety of other restrictive diseases or diseases whose natural history 
mirrors these diseases, including re-transplant, autoimmune diseases, a variety of rare 
indications forlung transplant, and sarcoidosis with mean pulmonary artery pressure  > 30 mm 
Hg. 
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waitlisted and transplanted patients when initial analyses were performed. These were the 

original four groups of patients (A, B, C & D). Other diagnoses were assigned to one of these 

groups by members of the Lung Allocation Subcommittee based on their waitlist and post-

transplant survival probabilities if there were sufficient numbers to calculate these, and based on 

the natural history and types of lung disease (obstructive or restrictive). 

 

Patients with sarcoidosis had waitlist survival probability and post-transplant survival probability 

that was different from that observed for chronic obstructive pulmonary disease (COPD) (Group 

A) and restrictive lung diseases (Group D). When patients with sarcoidosis were stratified based 

on their mean pulmonary artery (PA) blood pressure, it appeared that pulmonary hypertension 

was associated with lower waiting list survival, and lower post-transplant survival, comparable to 

idiopathic pulmonary fibrosis (IPF) patients.  Patients with sarcoidosis with normal mean PA 

pressure (≤ 30 mm Hg) had similar waiting list and post-transplant survival rates as those with 

COPD. Therefore, patients with sarcoidosis with a mean PA pressure ≤ 30 mm/Hg were 
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post-transplant survival of re-transplant patients was essentially the same as other diagnoses in 

Group D rather than Group A. Accordingly, re-transplant patients were assigned to Group D. 

 

For each of these four diagnostic groups, risk factors for waitlist death and death in the first year 

after transplant were determined by Cox proportional hazard models, so that predicted waitlist 

and post-transplant survival probability curves could be generated for each patient on the list. 

From these survival probability curves, transplant benefit is calculated as the difference in 

number of days of predicted survival after transplant in the first year if transplanted (area under 

the post-transplant survival probability curve) and the predicted number of days of survival if the 

patient remained on the waitlist (area under the waitlist survival probability curve). It has been 

suggested that longer post-transplant survival time should factor into the lung allocation scheme 

and the calculation of transplant benefit. However, the Subcommittee felt that factors after 

transplant, particularly compliance, and human leukocyte antigen (HLA) and cytomegalovirus 

(CMV) mismatch (random and programmatic preferences) would factor into longer term survival. 

Rightly or wrongly, members of the Subcommittee felt that reliable pre-transplant predictors of 

early post-transplant mortality should be incorporated into the algorithm. 
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sarcoidosis (that are assigned to either Group A or Group D), patients with autoimmune 

diseases (that generally have restrictive lung diseases, and are in Group D), and a small group 

of unusual indications for LTX assigned to Group D that are not typically thought of as 

pulmonary fibrosis patients, including bronchoalveolar carcinoma, and other unusual diagnoses 
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and transplant for autoimmune diseases was improved after introduction of the LAS. Also for 

this analysis, COPD includes all patients in Group A (COPD, chronic bronchitis, α1 anti-trypsin 

deficiency, other obstructive lung diseases), except patients with sarcoidosis.  

 

Pulmonary Hypertension (PH) 

From the outset of analyses, there were few predictors of death on the waiting list for patients 

with PH. This confused members of the pulmonary community, because elevated PA pressure, 

and elevated right atrial (RA) pressure in particular, were known risk factors for death among 

PH patients(1). However, PH patients listed for LTX are a subset of all PH patients. Almost all 

listed patients have systemic pulmonary pressures with high central venous pressures (CVPs). 

Thus well-intentioned analyses using other data sets that recommended using CVP as a 

predictor of waitlist death(2) suffer from the same inadequacies. Analyses after introduction of 

the LAS suggesting other models to predict waitlist death(3) suffer from the same shortcomings 

– missing data from the pre-LAS period, with more up-to-date data after introduction of the LAS. 

Even after introduction of LAS, although there appeared to be a benefit for patients with 

pulmonary hypertension secondary to their IPF, COPD, or CF, there was no impact on waitlist 

mortality for the small number of patients listed with primary PH(4). A Lung Review Board can 

approve a different score for any patient, and can consider appeals for other unusual 

circumstances. The Lung Review Board has a policy to adjust LAS to the 90th percentile for PH 

patients who become refractory to medical therapy. Hopefully, the new changes to the LAS 

introduced in February 2015 will reduce waitlist mortality for PH patients.  

 

Pediatric Lung Allocation 

As mentioned, the lung allocation system came under fire because of lung allocation to pediatric 

patients, particularly those who are under age 12 (5-7).  In June 2013, parents of Sarah 
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Murnaghan, a 10-year old Pennsylvania girl, challenged OPTN policy that reduced exposure to 

potential recipients under age 12 to lungs from adult donors. A judge ordered the OPTN to 

make an exception and allow access to adult lungs, effectively requiring the OPTN to alter lung 

allocation policy. The lung allocation system calculates lung allocation score (LAS) for all waitlist 

candidates age 12 and older, and allocates lungs based on LAS to candidates over the age of 

11. This age cutoff was not arbitrary, as implied in several news media stories. It was based on 

careful analysis of patient listings by age on a year by year basis, and after consultation with the 

small number of programs that performed the largest number of lung transplants in this age 

group(8). The consensus of these programs was that waiting time, while not ideal, would be 

used until a better system could be devised. A prioritization system for lung recipients under age 

11 has been implemented, but is still based on waiting time. 

 

The Murnaghan case underscored the challenges in understanding the lung allocation system, 

even among experienced transplant surgeons(5).  Practical limits to the availability of lungs for 

small children are the size restrictions of a small thorax in pre-pubescent children, and the 

paucity of brain-dead organ donors in this size appropriate age range. There are adequate 

number of donors in this age range for the number of listed recipients(6).  

 

According to OPTN policy, lungs from pediatric (<18 years of age) donors must first be offered 

to pediatric recipients. Lungs from donors age 12-17 are offered to recipients age 12-17 based 

on LAS, then to children under age 12 based on waiting time, before they are offered to adults. 

Allocation of lungs within the local organ procurement organization (OPO) first often results in 

allocation of these small pediatric donors to adolescents or small adults locally. Access to adult 

lungs might allow downsizing by lobar lung transplant, but many potential recipients under age 

12 are too small for adult lower lobes. Thus, access to adult lungs may not be helpful to most 
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small children. Broader geographic sharing of pediatric donor lungs might successfully address 

this problem(6). This was the conclusion of a recent analysis of OPTN data using SRTR 

simulation models(9).  
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