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The International Society for Heart and Lung Transplantation (ISHLT) International 

Thoracic Organ Transplant (TTX) Registry has gathered data regarding transplant 

procedures, donor and recipient characteristics, and outcomes from a global community 

of transplant centres over the last 3 decades. Close to 70,000 adult lung transplant 

procedures have been reported to the Registry since its initiation, each providing an 

opportunity for a recipient with end-stage lung disease to regain quality of life and 

longevity. Each year’s report provides more detailed analyses on a particular focus theme 

important to recipient outcomes.1 Since 2013, these have been donor and recipient age2; 
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re-transplantation3; early graft failure4; indication for transplant5; allograft ischemic time6; 

multiorgan transplantation7; and donor and recipient size matching.8 In response to a 

changing regulatory environment, the ISHLT TTX Registry is undergoing an update in data 

acquisition, and the patient cohort examined in this report is therefore derived from the same 

data source or datasets as examined in the 2019 to 2021 annual reports. We refer the reader 

to the 2019 and prior reports for a detailed description of the baseline characteristics of the 

cohort and additional core analyses not directly related to the focus explored in this year’s 

report.

This year’s report aimed to identify important recipient and transplant process characteristics 

that may influence outcomes in patients receiving transplant for chronic obstructive 

pulmonary disease (COPD). Due to small numbers, heart-lung transplant recipient 

characteristics and transplant outcomes have not been included. Thus, this 39th annual adult 

lung transplant report is based on data submitted to the ISHLT TTX Registry on 67,493 

adult recipients of deceased recipient transplants between January 1, 1992, and June 30, 

2018.

Data collection, conventions, and statistical methods

National and multinational transplant collectives and individual transplant centers have 

submitted data to the ISHLT International TTX Registry. Since the Registry’s inception, 481 

heart transplant centers, 260 lung transplant centers, and 184 centers that perform combined 

heart-lung transplants have reported data to the ISHLT TTX Registry.9–11 This report 

references specific online e-slides when particular data are discussed but not shown due to 

space limitations; e-slide numbers refer to the online adult lung transplant slides, shortened 

to “L(a),” and available at https://ishltregistries.org/registries/slides.asp. The ISHLT website 

also contains slide sets for previous annual reports.

The ISHLT International TTX website (https://ishlt.org/research-data/registries/ttx-registry) 

provides detailed spread-sheets of the data elements collected in the Registry. The Registry 

requires submission of core recipient, donor, and transplant procedure variables around 

the time of transplantation, and at annual follow-up and, thus, has low rates of missing 

data. Nevertheless, data quality depends on the accuracy and completeness of reporting. 

Rates of missingness may significantly increase for Registry variables that rely on voluntary 

reporting. The Registry uses various quality control measures to ensure acceptable data 

quality and completeness before including data for analyses.

Analytical conventions

The current report includes data on adult recipients of deceased donor, lung alone, transplant 

procedures. Heart-lung and other combinations involving lung transplants are not included 

in this report. Additionally, a separate Registry report details pediatric lung and heart-lung 

transplant outcomes, with this year’s focus on pulmonary vascular disease in children. 

The Registry does not capture the exact occurrence date for most secondary outcomes, 

such as bronchiolitis obliterans syndrome (BOS). Still, it does capture a time period for 

which the event occurred (e.g., the event occurred between the first and the second-year 
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annual follow-up visits). For the report’s analyses, we use the mid-point between the annual 

follow-ups as a surrogate for the event date. Because deceased subjects no longer contribute 

to the secondary outcomes, we restrict some analyses to include only surviving recipients 

to reduce the potential of underestimating event rates or other outcomes. For time-to-event 

analyses, we censor the follow-up of recipients who have not yet experienced the event 

at the most recent annual follow-up or the time of re-transplantation. We truncate time-to-

event graphs (e.g., survival graphs) when the number of individuals at risk becomes <10. 

Previous Registry report themes provide more details regarding specific donor and recipient 

characteristics and outcomes.2,4,6–8

Characteristics of recipients transplanted for COPD

Lung transplantation has evolved from a rare procedure in the 1980s to a well-accepted 

option for patients with end-stage lung disease in the modern era. Over 3 decades of 

clinical experience, bolstered by evidence generated from resources such as the ISHLT TTX 

Registry, on a background of changing demography (an aging population, declining smoking 

rates, increasing prevalence of diabetes mellitus), has led to changes and refinements in 

recipient selection, and medical and surgical approaches. Since the beginning of lung 

transplantation, recipients with COPD have accounted for nearly a third of the cohort. This 

year’s adult lung transplant Registry report examines the cohort of patients transplanted for 

COPD.

The changes in adult lung transplant recipient diagnosis by era (1992–2000, 2001–2009, and 

2010–2018) are presented in Table 1 (eSlide L(a) 4). The total number of lung transplants 

has increased over time, from just over 11,000 in the 1990s to nearly 34,000 from 2010 to 

2018. The number of lung transplant recipients with COPD has also increased by era, but the 

proportion of COPD recipients compared to other transplant diagnoses has decreased from 

37% to 26% (Table 1, eSlide L(a) 4). In North America, the proportion of lung transplants 

performed for COPD has dramatically declined over time relative to Europe, where an 

increase has been seen (Figure 1(eSlide L(a) 9). This seems to be a consequence of the 

increasing number of transplant recipients with restrictive lung disease transplanted in North 

America, which was reported as an overall increase in forced expiratory volume in 1 second 

and a decline in forced vital capacity in last year’s report.12

Median recipient age has steadily increased from 55 to 60 years (p < 0.0001), reflected by 

declines in recipients of all age groups below 59 years and an increase in the percentage 

of 60 to 69-year-old recipients from 23.9% in the first era to 49.2% in the most recent 

era (Table 2, eSlide L(a) 5). The aging of the recipient population over time likely reflects 

an increased willingness to accept older candidates, along with the aging of the general 

population. The proportion of male transplant recipients has increased from 48% to 53% in 

the most recent era (p < 0.0001). Median weight, and body mass index (BMI) of patients 

transplanted for COPD have increased from 65 kg and 23 kg/m2 respectively in the 1990s 

to 68 kg and 24 kg/m2 in the most recent era (p < 0.0001), but are still below the average 

recipient weight of 80 kg and BMI 26.5 kg/m2 of all adult lung transplant recipients in 

the most recent era.12 The median recipient height has increased slightly from 168 cm to 

169 cm (Table 2, eSlide L(a) 5–8). There have been no changes in the recipient blood type 
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proportion over the 3 eras. Additionally, age and BMI increased in all regions over time 

(Figure 2, eSlide L(a) 10).

The proportion of recipients transplanted for COPD who are allosensitized has steadily 

increased over time. For instance, candidates with a panel reactive antibody (PRA) ≥20% 

increased from 3.1% during 1992 to 2000, to 5.9% during 2001 to 2009, and to 13.1% 

in the most recent era (p < 0.0001). This may reflect a general acceptance for increased 

immunological risk amongst transplant centers. The same seems to be the case for recipients 

with diabetes, and a history of previous malignancy, which have increased significantly over 

time from 2.5% to 8.4%, and 3.1% to 8.1%, respectively. Furthermore, high-risk transplants 

such as those in hospitalized recipients, recipients on ventilatory support, or ECMO have 

increased over time, suggesting increasing use of these procedures or an increased candidate 

urgency (Table 2, eSlide L(a) 5–8), although numbers are still small.

Interestingly, the proportion of recipients transplanted for COPD who had lung surgery 

before transplantation has declined from 18.4% from 1990 to 2000, to 12.6% from 2001 to 

2009, to a low of 7.4% between 2010 and 2018; this is likely due to the changing practice 

in consideration of lung volume reduction surgery for the treatment of emphysema. Lung 

volume reduction surgery gained popularity in the 1990s, but after the National Emphysema 

Treatment Trial in 200313 showed no survival benefit, apart from a specific subgroup, the 

procedure has mainly been used in highly selected individuals at specialized centers, and the 

overall number of procedures has decreased.

The proportion of COPD recipients who are cytomegalovirus (CMV) antibody positive has 

decreased over time from 70.2% to 59.7% in the most recent era (p < 0.0001). This change 

has occurred despite a steadily aging recipient population, and thus may reflect changes 

in CMV seroprevalence over time reported in some countries as described in previous 

reports.12 In contrast, the proportion of Epstein-Barr virus antibody positive recipients has 

steadily increased from 77.6% to 93.1%. A small but increasing number of recipients are 

hepatitis B antibody positive (5.9% in the most recent era). The same is the case for the 

number of seropositive hepatitis C recipients, which has increased from 1.6% to 2.6% (p = 

0.022) (Table 2, eSlide L(a) 5–8).

Post-transplant causes of death

Examining the causes of death between 2010 and 2018 in recipients transplanted for COPD 

by time after transplantation showed infection and graft failure as the most common within 

the first year after transplantation, chronic lung allograft dysfunction (CLAD) or BOS, and 

infection as the most common from 1 to 5 years after transplantation, and CLAD/BOS as 

the most common in the late period after transplantation (Figure 3, eSlide L(a) 17). The 

cumulative incidence of recipient cause of death is shown in Figure 4, (eSlide L(a) 18).

Survival analyses

We examined associations between COPD recipient risk factors and post-transplant survival. 

We present several stratified unadjusted analyses, and it should be kept in mind that these 

analyses have not been adjusted for potential confounders that may account for some of the 
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reported differences. It is also important to remember that when performed, multivariable 

analyses only contain variables that are reported to the Registry, so that some potential 

explanatory variables will not appear in the multivariable models. All 5-year survival 

analyses are conditional on survival to 1 year.

One-year survival

Survival in adults who underwent lung transplantation for COPD from 2000 to 2017 

improved over time (Figure 5, eSlide L(a) 20), confirming a previously noted trend towards 

improved survival in recent eras in the overall cohort of lung transplant recipients. We 

examined associations between recipient risk factors and post-transplant survival among 

patients transplanted for COPD. 12-month survival in patients transplanted for COPD was 

slightly higher compared to survival of recipients transplanted for other diagnoses (Figure 6 

(eSlide L(a) 24). There was a significant improvement in survival in the most recent era in 

North America and Europe, but not in the Other regions (eSlide L(a) 21). This may reflect 

the commencement of transplantation as a low-volume procedure at centers reporting from 

outside North America and Europe or could be due to low statistical power.

Twelve-month survival was significantly higher for recipients 40 to 59 years of age 

compared to those above 60 years (eSlide L(a) 22). Previous reports have observed that 

dialysis-dependent renal failure significantly impacts 1- and 5-year survival after lung 

transplantation. Using the Cockroft-Gault equation to estimate glomerular filtration rate in 

adult recipients transplanted for COPD, we found significant differences in 1-year survival 

between the 2 extremes of estimate glomerular filtration rate below 60 and above 90 ml/min/

1.73 m2 (eSlide L(a) 27).

Five-year survival conditional on surviving to 1 year

We next examined 5-year survival conditional on surviving to 1 year in adults transplanted 

for COPD from January 1996 to June 2013. Survival improved significantly from the early 

era of 1996 to 2001 but was unchanged for the latter 2 eras (eSlide L(a) 29). Stratified by 

age, 5-year conditional survival for patients transplanted for COPD was 62% in recipients 

>60 years of age, compared to 70% in recipients 40 to 59 years of age (Figure 7, eSlide 

L(a) 31). Comparing recipients transplanted for COPD to recipients transplanted for other 

diagnoses showed a slight but significantly lower 5-year survival, with differences beginning 

around 2 years and increasing over time (Figure 8, eSlide L(a) 33).

Freedom from bronchiolitis obliterans syndrome (BOS) conditional on survival to 
discharge

CLAD/BOS remains the major cause of morbidity and mortality after lung transplantation.14 

We examined freedom from CLAD/BOS in adult recipients transplanted for COPD who 

survived the transplant hospitalization. Overall, there was higher freedom from CLAD/BOS 

at 5 years (56%) in the early 1996 to 2001 period compared with the 2 later time periods, 

2002 to 2007 (44%) and 2008 to 2013 (45%) (eSlide L(a) 38). Examining recipient age 

groups and freedom from CLAD/BOS did not reveal any significant differences (eSlide L(a) 

39). We did find a significant difference between freedom from CLAD/BOS in recipients 

transplanted for COPD with double lungs (53%) vs a single lung (44%) at 5 years (Figure 
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9, eSlide L(a) 40), and this difference occurred early after transplantation and increased 

over time. The most likely explanation for this observed difference is the amount of 

tissue transplanted, making the single lung recipient more vulnerable to tissue damage and 

development of CLAD, but other reasons might also be possible.

It should be kept in mind that these univariate analyses have not been adjusted for other 

potential confounders that may account for some of the reported differences.

Freedom from malignancy conditional on survival to 1 year

Malignancies are common after lung transplantation and continue to be a frequent cause 

of death. We examined the freedom from non-skin malignancy conditional to survival to 

1 year in recipients transplanted for COPD stratified by a single vs double lung transplant 

procedure. The freedom from new onset non-skin malignancy in double vs single lung 

transplants was 94% vs 88%, at 5 years, 86% vs 75%, at 10-years and 76% vs 66%, 

at 15 years, respectively (eSlide L(a) 42). This difference between double vs single lung 

transplantation is driven by new onset lung cancer, which is extremely rare in double lung 

transplants but more frequent in single lung transplant recipients, primarily located in the 

native COPD lung (Figure 10A, eSlide L(a) 43). All other non-skin malignancies occur with 

similar frequency in double vs single lung transplantation (Figure 10B, eSlide L(a) 43).

Single vs double lung transplantation

Since the early days of lung transplantation, end-stage COPD has been a common indication 

for either a double lung or a single lung transplant. There has been a significant change over 

time in favor of performing double lung transplants, with single lung transplants declining 

from approximately 75% in the early era to 24% in the most recent era (Table 2, eSlide L(a) 

8). Through this period, there have been controversies about the benefit or risk of either as a 

treatment for the COPD population. Here we review the existing Registry data as they relate 

to these surgical approaches in the treatment of end-stage COPD.

Among patients with COPD transplanted from January 2000 to June 2017 stratified by age 

group, 1-year survival was higher for double lung transplant among those 40 to 59 years 

of age, while no difference was seen in the 18 to 39 and ≥60 years age groups (Figure 11, 

eSlide L(a) 26). Five-year survival conditional on survival to 1 year showed lower survival 

in single compared to double lung transplant recipients in age groups 40 to 59 years and ≥60 

years (Figure 12, eSlide L(a) 35). As noted above, we found a significant difference between 

freedom from CLAD/BOS in recipients transplanted with a single lung vs double lung at 5 

years (Figure 9, eSlide L(a) 40).

Multivariable analyses

We next performed multivariable Cox regression analyses to evaluate risk factors for 1-year 

mortality, 5-year mortality conditional upon surviving the first post-transplant year, and 

risk of developing CLAD/BOS conditional upon surviving to hospital discharge. Covariates 

included in the multivariable models are listed in Supplemental Table 1.
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One-year mortality

Statistically significant categorical variables independently associated with the risk of higher 

1-year mortality in adult lung transplant recipients transplanted for COPD between January 

2000 and June 2017 include being hospitalized and being on mechanical ventilation at the 

time of transplant. A lower risk of mortality was seen with transplants in the most recent 

transplant era, and in donor/recipient female to female and male to female sex match as 

compared to male to male sex match (eSlide L(a) 45).

Continuous variables associated with increased risk of 1-year mortality included older age 

of recipients (Figure 13, eSlide L(a) 47) and older age of donors (eSlide L(a) 49). Higher 

pulmonary vascular resistance (PVR) was associated with significantly increased risk of 

mortality (eSlide L(a) 48), as was lower center volume over the last 3 years (eSlide L(a) 50).

Five-year mortality conditional upon surviving the first post-transplant year

Transplantation for COPD in the 2002 to 2007 and 2008 to 2013 eras was independently 

associated with a lower risk of 5-year mortality than transplantation between 1996 and 2001. 

In contrast, the following variables were independently associated with a higher risk of 

5-year mortality: single lung transplantation, hospitalization at the time of transplant, and 

recipient diabetes (eSlide L(a) 52).

With respect to continuous variables leading to increased risk for 5-year mortality 

conditional on 1-year survival, recipient age and BMI were independently associated with 

mortality, with the hazard ratio increased for older recipients and increasing BMI. We 

did not see an increased risk with low BMI in this population transplanted for COPD, 

although the confidence intervals were quite wide for the low BMI range (Figure 14, (eSlide 

L(a) 54, 55). Similar to 1-year mortality, low center volume increased the risk of 5-year 

mortality (eSlide L(a) 56). Furthermore, and perhaps counterintuitively, shorter ischemic 

time increased the risk of 5-year mortality (eSlide L(a) 57), as previously described.

Freedom from bronchiolitis obliterans syndrome (BOS) conditional on survival to 
discharge

We next investigated categorical risk factors significantly associated with developing 

CLAD/BOS during the first 5 years after transplant in recipients transplanted for COPD 

who survived to hospital discharge from January 1996 to June 2013. Again, a single lung 

transplant procedure and being on a ventilator at the time of transplant were independently 

associated with an increased risk of developing CLAD/BOS. In contrast to both 1- and 

5-year survival where transplants in recent era had improved survival, transplantation in a 

recent era was associated with higher risk of developing CLAD/BOS (Figure 15, eSlide L(a) 

59), possibly due to increasing age and morbidity of recipients transplanted for COPD over 

time as shown in earlier sections of this report.

Similar to 5-year mortality, higher BMI, and similar to 1-year mortality, increasing donor 

age, were also associated with an increased risk of developing CLAD/BOS (eSlides L(a) 

61, 65). The association between center volume and risk of CLAD/BOS was complex, 

suggesting a lower risk of CLAD/BOS in both low and high-volume centers, as was also 
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seen and discussed in last year’s report.12 (eSlide L(a) 66). Lower PVR was associated with 

lower risk of CLAD/BOS (eSlide L(a) 63). Additional risk factors at the time of transplant 

significantly associated with developing CLAD/BOS were higher PRA (Figure 16, eSlide 

L(a) 64) and higher pulmonary capillary wedge pressure (eSlide L(a) 62).

Conclusions

The 2022 ISHLT Adult Lung Transplant Report focuses on recipients who received lung 

transplant for COPD to determine trends and outcomes over time. We observed many 

important changes over the years, reflecting evolution of clinical practice and changes in 

demographics of recipients transplanted for COPD. Lung transplant recipients transplanted 

for COPD are older and more likely to be hospitalized or on mechanical ventilation at 

the time of transplant. Furthermore, they are more likely to have comorbidities, including 

diabetes mellitus, allosensitization, and a history of malignancy, while being less likely 

to be CMV seropositive and less likely to have had previous lung surgery than patients 

transplanted for other types of lung disease. This year’s Registry report presented specific 

outcomes comparing single vs double lung transplants in recipients transplanted for COPD 

and the impact of select recipient factors on post-transplant outcomes. Additionally, we 

identified transplant era, donor age, PRA, BMI, and lung transplant center volume as factors 

associated with CLAD/BOS. This report provides a perspective on the practice of adult 

lung transplantation in patients transplanted for COPD, highlights important trends, and 

elucidates controversies that have arisen as we aim to improve transplant outcomes in this 

patient population in the years to come.
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Figure 1. 
Diagnosis distribution by location and era (transplants: January 1992-June 2018).
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Figure 2. 
Median recipient A) age and B) body mass index (BMI) by location (COPD transplants: 

January 1992-June 2018).
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Figure 3. 
Relative incidence of leading causes of death (COPD transplant deaths: January 2010-June 

2018).
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Figure 4. 
Cumulative incidence of leading causes of death (COPD transplants: January 2010-June 

2017).
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Figure 5. 
Kaplan-Meier survival within 12 months by era (COPD transplants: January 2000-June 

2017).
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Figure 6. 
Kaplan-Meier survival within 12 months by diagnosis (transplants: January 2000-June 

2017).
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Figure 7. 
Kaplan-Meier survival within 12 months by age and procedure type (COPD transplants: 

January 2000-June 2017).
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Figure 8. 
Kaplan-Meier survival within 5 years conditional on survival to 1 year by recipient age 

(COPD transplants: January 1996-June 2013).
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Figure 9. 
Kaplan-Meier survival within 5 years conditional on survival to 1 year by diagnosis 

(transplants: January 1996-June 2013).
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Figure 10. 
Kaplan-Meier survival within 5 years conditional on survival to 1 year by recipient age and 

procedure type (COPD transplants: January 2000-June 2017).
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Figure 11. 
Freedom from BOS/CLAD conditional on survival to discharge by procedure type (COPD 

transplants: January 1996-June 2013).
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Figure 12. 
Freedom from new onset of A) lung cancer and B) non-lung cancer, conditional on survival 

to 1 year by procedure type (COPD transplants: January 1996-June 2017).
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Figure 13. 
Multivariable hazard ratio plot for 1-year mortality with 95% confidence limits, by recipient 

age (COPD transplants: January 2000-June 2017; N = 15,643).
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Figure 14. 
Multivariable hazard ratio plot for 5-year mortality conditional on survival to 1 year with 

95% confidence limits, by A) recipient age and B) recipient body mass index (BMI) (COPD 

transplants: January 1996-June 2013; N = 11,683).
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Figure 15. 
Statistically significant risk factors for BOS/CLAD within 5 years conditional on survival 

to discharge with 95% confidence limits (COPD transplants: January 1996-June 2013; N = 

6,181).
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Figure 16. 
Statistically significant risk factors for BOS/CLAD within 5 years conditional on survival to 

discharge with 95% confidence limits, by PRA (COPD transplants: January 1996-June 2013; 

N = 6,181).
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