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This 39th annual international adult heart transplant report focuses on transplantation 

for heart disease with restrictive physiology, that is, restrictive cardiomyopathies and 

hypertrophic cardiomyopathy, based on data submitted to the International Society for 

Heart and Lung Transplantation (ISHLT) Thoracic Organ Transplant (TTX) Registry 

between January 1992 and June 2018. Restrictive cardiomyopathy (RCM) refers to a 

heterogeneous group of cardiomyopathies that includes amyloid, sarcoid, radiation and/or 

chemotherapy-induced cardiomyopathy, and other types of heart disease that all share 

restrictive physiology, and reduced or normal diastolic and systolic volumes in 1 or 

both ventricles.1 Hypertrophic cardiomyopathy (HCM) is classified separately according 

to the World Heart Federation and MOGE(S) classification but will be included in this 
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report because RCM and HCM share restrictive physiology, and may represent a different 

phenotypic expression of the same genotype (i.e., autosomal dominant inherited mutations in 

the desmin, alpha B crystalline, alpha-actinin 2, or beta-myosin heavy chain 7 genes).2

The ISHLT Registry is currently updating the processes involved in data acquisition from 

contributing transplant centers and collectives. Therefore, the source data utilized for this 

report are the same as in the 2019 to 2021 annual reports, including 108,034 adult heart 

transplant recipients, with 4,306 who underwent a transplant for restrictive physiology.3–5 

Further information regarding a detailed description of the entire cohort and additional core 

analyses not related to this year’s focus theme are available in the 2019 annual ISHLT report 

for adult heart transplantation.3

Statistical methods

Data collection, conventions, and statistical methods

The 2022 ISHLT International TTX Registry report, as in past years, was developed using 

data submitted to the Registry from national and multinational transplant collectives and 

individual transplant centers. Since the Registry’s inception, 481 adult heart transplant 

centers have contributed approximately 3-quarters of the worldwide thoracic transplant 

activity.

This report focuses on adult heart transplant recipients transplanted for restrictive 

physiology, and includes HCM, amyloidosis, sarcoidosis, radiation and/or chemotherapy-

induced cardiomyopathy, and “other” restrictive cardiomyopathies such as endocardial 

fibrosis. The estimated glomerular filtration rate was calculated using Cockcroft-Gault 

formula. Baseline characteristics at the time of transplant and their associations with post-

transplant outcomes were compared, when possible, over 3 different eras: January 1992-

December 2000, January 2001-December 2009, and January 2010-June 2018. Induction 

immunosuppression and maintenance immunotherapy at the time of hospital discharge from 

index heart transplantation were reviewed, with the analysis limited to patients alive at the 

time of discharge. The results reported herein seek to provide as granular detail as possible 

with data retained in the ISHLT International TTX Registry for transplants through June 30, 

2018.

In addition to the data presented within the primary manuscript, extended analyses are 

shown in the online slide sets (https://ishltregistries.org/registries/slides.asp). The ISHLT 

website also contains slide sets for previous annual reports. This report references specific 

online e-slides when particular data are discussed but not shown due to space limitations, 

with eSlide H(a) numbers refer to the online adult heart transplant slides.

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

registry) provides detailed spreadsheets of the data elements collected in the Registry. The 

Registry requires submission of core donor, recipient, and transplant procedure variables at 

baseline (i.e., at the time of transplantation) and annual follow-up. These variables have low 

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

of reporting. Rates of missingness may significantly increase for Registry variables that 
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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

Unless otherwise specified, analyses of combined heart-lung transplants are not included 

in analyses of heart transplants. The Registry does not capture the exact occurrence date 

for most secondary outcomes (e.g., cardiac allograft vasculopathy), but it does capture the 

window of occurrence. For the report’s analyses, we use the mid-point between the annual 

follow-ups as a surrogate for the event date (i.e., the event occurred between the first and 

the second annual follow-up visits). On the follow-up where a death is reported, some 

under-reporting of secondary outcomes and other information is highly probable. Thus, 

some analyses are restricted to include only surviving recipients to reduce the potential for 

underestimating event rates or other outcomes. For time-to-event analyses, we censored the 

follow-up of recipients who did not experience the event of interest at the last time the 

recipient was reported not to have had the event, which would either be the most recent 

annual follow-up or the time of re-transplantation. We truncated time-to-event graphs (e.g., 

survival graphs) when the number of individuals at risk was less than 10. Previous Registry 

reports provide additional details regarding specific donor and recipient characteristics and 

outcomes.

Recipient characteristics

As shown in Table 1 and eSlide H(a) 4, the number of adults with restrictive heart disease 

who underwent heart transplantation increased over time and nearly tripled from 1992–2000 

to 2010–2018. HCM remained the most common type of heart disease, and endocardial 

fibrosis was the least likely. Transplantation for amyloid, sarcoid, and chemotherapy and/or 

radiation-induced cardiomyopathy also increased over time, with fewer patients labeled 

as idiopathic or other restrictive cardiomyopathies. As shown in Table 2 and eSlide H(a) 

5–7, the majority of transplants for restrictive heart disease were done in Europe (n = 

1946) and North America (n = 2115) as compared to “Other” regions (n = 245). When 

comparing the 3 different eras: 1992–2000, 2001–2009 to 2010–2018, there was a slight 

decline in the proportion of transplants done for restrictive heart disease in Europe and a 

minimal increase in North America and “Other” regions. Most recipients were men with a 

median age of 47 years in the earlier era (1992–2000), increasing to 52 years in the most 

recent era (2010–2018), perhaps reflecting a rise in transplantation for amyloidosis, which 

predominantly affects older patients. The percent of sensitized recipients with panel reactive 

antibody (PRA) ≥20% increased over time from 3.5% during 1992–2000, to 19.1% during 

2010–2018, and those with PRA ≥80% from 0.6% during 1992–2000 to 3.6% during 2010–

2018. There was an increase in recipient history of malignancy from 5% during 1992–2000 

to 11.5% during 2010–2018, which could not be fully explained by the less marked increase 

in the proportion of patients with radiation and/or chemotherapy-induced RCM. There was 

no significant change over time in the prop proportion of patients with prior cardiac surgery 

(approximately 25%), about 1 of 3 had a history of smoking, and very few were on dialysis 

prior to transplantation.
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At the time of transplantation, nearly half of the patients transplanted for restrictive 

heart disease were hospitalized, with 44% being on inotropes for hemodynamic support. 

Mechanical circulatory support was relatively uncommon and notable for a gradual increase 

in usage of durable ventricular assist devices, from 6.7% during 2001–2009 to 14.5% 

during 2010–2018, and an increase in the use of intra-aortic balloon pumps from 2.2% in 

1992–2000 to 6.9% in 2010–2018. Mechanical ventilation at the time of transplantation was 

rare. Although patients with restrictive heart disease are at risk for significant pulmonary 

hypertension as well as abnormal renal and liver function due to congestion and/or due to 

concomitant systemic disease, the majority of patients that were transplanted for restrictive 

heart disease had normal renal function, normal liver function, and average PVR <3 Wood 

units at the time of transplant.

The type of heart disease requiring transplantation for restrictive physiology varied based 

on age, era, and location. The majority of patients 18–39 years old had HCM (58.8%), 

and very few (≤2%) had amyloid, sarcoid, or radiation and/or chemotherapy-induced RCM 

(Figure 1, eSlide H(a) 8). For recipients older than 40 years of age, there were relatively 

fewer recipients with HCM and more with amyloidosis. For instance, among 60–69 years 

old recipients, there were 24.2% with amyloid, and 40.5% with HCM. Among patients 70 

years or older, the majority had amyloid (65.4%), only 18.5% had HCM, and 14.8% had 

radiation/chemotherapy-induced cardiomyopathy. With respect to changes in the distribution 

of transplants for restrictive heart disease over time (Figure 2, eSlide H(a) 12), there was 

a decrease in the proportion of patients whose diagnosis was listed as ‘Other RCM’, the 

proportion of patients transplanted for amyloid and sarcoid increased over the 3 eras, and 

HCM remained the dominant diagnostic category. The proportion of patients transplanted 

for the specific restrictive heart disease type also varied based on location (Figure 3, 

eSlide H(a) 14). In Europe the majority had HCM (54%), with very few having amyloid 

(4%), sarcoid (<1%) or radiation and/or chemotherapy induced heart disease (<1%). In 

North America, 47% had HCM, 18% amyloid, 10% sarcoid, and 3% had radiation and/or 

chemotherapy induced heart disease. Among those transplanted in regions other than Europe 

or North America, the type of heart disease distribution was more similar to Europe than 

North America.

Immunosuppression, Rejection, and Cardiac Allograft Vasculopathy (CAV)

Induction therapy was used in 50% of the recipients, with IL-2 receptor antagonists used as 

often as polyclonal anti-thymocyte and/or anti-lymphocyte globulin therapy (eSlide H(a)16). 

Maintenance therapy usually consisted of calcineurin inhibitor (97%), mycophenolate 

mofetil (79%), and steroids (81%) (eSlide H(a) 17). One-year risk of rejection after 

transplant hospital discharge decreased from 22% during 2005–2009 to 11.8% during 2010–

2018 (Figure 4, eSlide H(a) 18). Among patients transplanted in 1992–2017, nearly 25% 

developed cardiac allograft vasculopathy (CAV) within 5 years post-transplantation and 

almost 50% by 10 years following transplantation (Figure 5, eSlide H(a) 27). There was no 

significant difference in freedom from CAV between the patients by etiology of restrictive 

heart disease.
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Survival

There were significant differences in post-transplant survival between recipients transplanted 

for restrictive heart disease and those transplanted for other etiologies (eSlide H(a) 28), a 

finding consistent with other reports.6–10 There were also important differences in survival 

among subgroups of patients transplanted for different types of restrictive heart disease 

(Figure 6, eSlide H(a) 29).

One-year survival—When comparing unadjusted survival between HCM, amyloid, 

sarcoid, radiation and/or chemotherapy, and “other” RCM (eSlide H(a) 29), recipients with 

sarcoidosis had the highest 1 year survival, and those with radiation and/or chemotherapy-

induced cardiomyopathy had the lowest (90.6% vs 71.8%, p < .05). Patients with HCM 

had a 1 year survival of 84.6%, amyloid 82.9%, and “other” RCM 79.1%. Infection, graft 

failure, and multi-organ failure were the leading causes of death within the first year (Figure 

7, eSlide H(a) 24). Infection as the cause of death was more common among those with 

amyloid (29.7%) and sarcoid (43.8%), likely due to the need for additional immunotherapy 

(eSlide H(a) 21–22). When comparing eras, patients in the most recent era had higher 1 

year survival than those in the earliest era (Figure 8A, eSlide H(a) 30). Transplant recipients 

in North America had higher 1 year survival than those in Europe (88.1% vs 77.0%, p < 

.05), which may reflect regional differences in the underlying cause for RCM (Figure 8B, 

eSlide H(a) 30). Europe transplanted a higher percentage of “other” RCM patients compared 

to North America (41.9% vs 21.9%), but a lower percentage of patients with amyloidosis 

(4.0 % vs 17.8%), (eSlide H(a) 14). There was no difference in survival by sex (Figure 

9A, eSlide H(a) 31). Survival of patients transplanted at age 18–39 years old was higher 

compared to those 40–59 years or 60–69 years old at transplant (Figure 9B, eSlide H (a) 31). 

Estimated glomerular filtration rate (eGFR) was associated with survival, with significantly 

higher mortality among those with eGFR <30 ml/min/1.73 m2 at transplant compared to ≥60 

ml/min/1.73 m2 at transplant (Figure 10, eSlide H(a) 32).

Five-year survival, conditional on survival to 1 year—When comparing unadjusted 

survival between HCM, amyloid, sarcoid, radiation and/or chemotherapy, and “other” 

RCM patients (Figure 11, eSlide H(a) 34), those with sarcoidosis had the highest 5 year 

conditional survival, and those with a history of radiation and/or chemotherapy had the 

lowest (94.0% vs 71.8%, p = .0011). Patients with HCM had a 5 year survival of 92.1%, 

“other” RCM patients 85.7%, and those with amyloid 74.3%. Graft failure and infection 

remained the leading causes of death 5 years post-heart transplantation (eSlide H(a) 25) 

There was no difference in 5 year conditional survival among transplants stratified by era, 

location, sex, or age (eSlide H(a) 35–36). Pulmonary hypertension as reflected by PVR 

did not affect 5 year conditional survival, but severe renal function, defined as initiation 

of dialysis, renal transplant, or creatinine >2.5 mg/dl within 1 year post-transplant, was 

associated with significantly lower survival (Figure 12, eSlide H(a) 37).

Causes of death beyond 5 years—Among patients transplanted for restrictive heart 

disease, there were 320 deaths reported beyond 5 years between January 2010 and June 

2018. The leading causes of death were graft failure and malignancy (Figure 7, eSlide 

H(a) 24), which were among more common causes of death in patients with a history of 
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HCM, amyloidosis, sarcoidosis, and “other” RCM (eSlide H(a) 20–23). Although CAV and 

renal failure were less common causes of death, their incidence increased over time, while 

the relative incidence of rejection, infection, and multi-organ failure as the cause of death 

decreased over time (Figure 7, eSlide H(a) 24)

Multivariable analyses

Multivariable proportional hazards regression analyses were utilized to identify independent 

risk factors associated with mortality at the time of transplant-but cannot establish causality. 

Covariates included in the multivariable models are listed in Supplemental Table 1. Risk 

factors may differ over time, and those at the time of transplant best predict mortality closest 

to the time of surgery. Therefore, specific associations observed among these data, especially 

beyond 1 year survival, should be interpreted with caution.

Multivariable analysis was notable for the lower risk in 1 year mortality following transplant 

in the more recent eras compared to earliest era (Figure 13, eSlide H(a) 39). Patients with 

a history of radiation and/or chemotherapy and “other” RCM had a higher risk of mortality 

when compared to HCM. Prior cardiac surgery, dialysis, and mechanical ventilation also 

increased mortality risk when compared to recipients without these attributes. When 

assessing continuous variables, 1 year mortality increased with increasing values for 

recipient bilirubin at the time of transplant (Figure 14A, eSlide H(a) 41). The risk of 1 

year mortality increased with worsening renal function at the time of transplant (Figure 14B, 

eSlide H (a) 42). One-year mortality risk of pulmonary hypertension based on pulmonary 

vascular resistance (PVR) increased as the value of PVR rose (Figure 14C, eSlide H(a) 

43). Donor age also affected 1 year mortality significantly with the risk increasing for older 

donor (Figure 15A, eSlide H(a) 44). Center volume affected survival with higher 1 year 

mortality for centers with smaller transplant volume in the previous 3 years (Figure 15B, 

eSlide H(a) 45).

Risk factors for 5 year mortality conditional to survival to 1 year post heart transplantation 

were notable for significant differences based on the type of heart disease (Figure 16, eSlide 

H(a) 47). When compared to HCM, “other” RCM had an HR of 1.98 (95% CI 1.50–2.62, 

p < .01), amyloid had a HR of 4.5 (95% CI 3.27–6.19, p < .01), and radiation and/or 

chemotherapy a HR of 4.63 (95% CI 2.46–8.70, p < .01). Mean pulmonary artery pressure 

(PAP) was the only continuous variable significantly associated with 5 year mortality, with 

the risk increasing as mean PAP increased (eSlide H(a) 49).

Discussion

This 2022 ISHLT Adult Heart Transplantation Report focused on recipients who underwent 

heart transplantation for HCM, amyloid, sarcoid, radiation and/or chemotherapy, and other 

types of RCM. We found that the number of patients transplanted for restrictive heart 

disease increased over time, few patients were bridged to transplant with mechanical 

circulatory support, and we describe differences in survival based on the underlying type 

of heart disease. While patients with restrictive cardiac physiology suffer from symptomatic 

heart failure,11 they represent a relatively small proportion of patients who receive heart 

transplant. This may be partly explained by the lower frequency of restrictive heart disease 
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prevalence compared to ischemic and non-ischemic cardiomyopathy, but is also due to a 

lower access to transplant and a higher mortality on the waitlist. This appears to persist even 

after adjustments in allocation rules, for example, in the United States after 2018.12,13 Few 

patients with restrictive heart disease were bridged to transplant with mechanical circulatory 

support. As previously suggested, this likely reflects a significantly higher risk of adverse 

events after durable left ventricular assist device implant in patients with restrictive heart 

disease compared to patients with dilated and ischemic cardiomyopathy, including bleeding, 

right ventricular failure, renal failure, pump thrombosis and mortality.14–17

Restrictive heart disease has been identified as a risk factor for post-transplant mortality.6–10 

Our report studied the effects of the restrictive disease type and patient characteristics 

on post-transplant survival and other outcomes. At first glance, it may appear surprising 

that type of heart disease pre-transplant was associated with such distinct differences 

in mortality after heart transplantation. However, when reviewing differences in age and 

treatment for each heart disease and their associations with systemic disease, differences 

in post-transplant mortality risk appear logical and likely. For instance, HCM is typically 

not associated with systemic extracardiac disease, and patients listed for transplant are often 

young, therefore the outcomes in this population tend to be good and similar to dilated 

cardiomyopathy. Sarcoidosis, on the other hand, is a systemic disease, yet with similarly 

favorable post-transplant survival (eSlide H(a) 29 and Figure 11, eSlide H(a) 34), likely due 

to the aligned effect of immunotherapy treatment post-heart transplantation on prevention of 

rejection and sarcoidosis (eSlide H(a) 20 and 22). Amyloid cardiomyopathy is a subcategory 

affecting older patients who often have comorbidities and systemic disease affecting many 

organs. Short term transplant survival is favorable but intermediate- and long-term survival 

is lower compared to the previously mentioned subgroups. Lastly, patients with a history 

of radiation and/or chemotherapy had the lowest survival compared to the other restrictive 

cardiomyopathies. This is likely related to the increased risk of surgery after chest radiation, 

complications from radiation-induced lung disease, and risk of post-transplant malignancy 

attributable to pre-transplant cancer and its treatment18–20

Limitations

The limitations of this study include possible inaccuracies of the clinical cardiac phenotype 

of restrictive heart disease pre-transplantation (to include the relatively large group of 

patients in the ‘other RCM’ category), limited granularity of data collected, including the 

type of amyloidosis, and potential errors in data entry which exists for all large databases. 

Only a few single center studies have assessed pathologic correlation of clinical diagnosis 

in restrictive heart disease, and most noted a high correlation except for the diagnosis of 

sarcoidosis, which often was misdiagnosed.21–24 Therefore, it is likely that sarcoidosis in 

our analysis may be an underrepresentation of those who actually received a transplant 

for sarcoidosis. Transthyretin amyloidosis, and some other types of amyloidosis were not 

well known in the earlier eras leading to possible under-representation of this entity or 

assignment to the ‘other RCM’ category as well. Distinguishing chemotherapy induced 

cardiomyopathy from those with concomitant radiation would be of importance, although 

the majority of these patients in our cohort likely did have radiation induced heart disease 
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rather than chemotherapy induced disease, since most chemotherapeutic agents cause dilated 

rather than restrictive cardiomyopathy.

Conclusions

In this 2022 ISHLT Adult Heart Transplantation Report we describe a large cohort 

of patients who received transplant for restrictive heart disease. HCM was the most 

common reason for transplantation especially among young recipients while amyloidosis 

was more common among older recipients. Ventricular assist devices and intra-aortic 

balloon pumps were used more frequently over time to bridge to transplant but remained 

overall infrequent when compared to inotrope support. Transplant candidate selection was 

notable for most patients having normal renal function, normal bilirubin, and median 

pulmonary vascular resistance <2.5 Wood units at time of transplantation, underscoring 

the importance of optimizing hemodynamics and reducing mortality risk associated with 

pulmonary hypertension and right ventricular dysfunction.25 One-year survival was highest 

among recipients with sarcoid, HCM, and amyloidosis and lowest among those with 

radiation and/or chemotherapy-induced cardiomyopathy. Five-year survival conditional on 

survival to 1 year was highest in sarcoid and HCM while radiation and/or chemotherapy-

induced cardiomyopathy and amyloidosis were lower. Lower survival with radiation and/or 

chemotherapy and amyloid cardiomyopathy underscores the importance of careful attention 

to patient selection and timing of transplant.
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Figure 1. 
Diagnosis distribution by age group (transplants: January 1992-June 2018).
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Figure 2. 
Diagnosis distribution by era (transplants: January 1992-June 2018).
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Figure 3. 
Diagnosis distribution by geographic region (transplants: January 1992-June 2018).
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Figure 4. 
Percent of recipients who experienced rejection between discharge and 1 year follow-up by 

era (transplant follow-ups: January 2005-June 2018).
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Figure 5. 
Freedom from cardiac allograft vasculopathy (CAV) by diagnosis (transplants: January 

1992-June 2017).
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Figure 6. 
Kaplan-Meier survival within 12 months by diagnosis (transplants: January 1992-June 

2017).
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Figure 7. 
Relative incidence of leading causes of death (transplant deaths: January 2010-June 2018).

Hsich et al. Page 17

J Heart Lung Transplant. Author manuscript; available in PMC 2023 June 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 8. 
Kaplan-Meier survival within 12 months by (A) era and (B) geographic region (transplants: 

January 1992-June 2017).
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Figure 9. 
Kaplan-Meier survival within 12 months by recipient (A) sex and (B) age (years) 

(transplants: January 1992-June 2017).
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Figure 10. 
Kaplan-Meier survival within 12 months by recipient GFR (transplants: January 1994-June 

2017). GFR was estimated using the Cockcroft-Gault formula.
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Figure 11. 
Kaplan-Meier survival within 5 years conditional on survival to 1 year by diagnosis 

(transplants: January 1992-June 2013).
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Figure 12. 
Kaplan-Meier survival within 5 years conditional on survival to 1 year by severe renal 

dysfunction within 1 year (transplants: January 1992-June 2013). Severe renal dysfunction 

was calculated as creatinine >2.5 mg/dl, dialysis, or renal transplant.
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Figure 13. 
Statistically significant categorical risk factors for 1 year mortality with 95% confidence 

limits (transplants January 1992-June 2017).
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Figure 14. 
Multivariable hazard ratio plot for 1 year mortality with 95% confidence limits, by (A) 

bilirubin, (B) GFR, and (C) PVR (transplants: January 1992-June 2017; n = 4292).
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Figure 15. 
Statistically significant risk factors for 1 year mortality with 95% confidence limits, by 

(A) donor age (years), and (B) center volume in the previous 3 years (transplants: January 

1992-June 2017; n = 4292).
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Figure 16. 
Statistically significant categorical risk factors for 5 year mortality conditional on survival to 

1 year with 95% confidence limits (transplants January 1992-June 2013; n = 2490).
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