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Abstract
BACKGROUND—The purpose of this study is to determine the clinical outcomes associated
with Alternate Listing Transplantation (ALT) strategies.

METHODS—UNOS provided de-identified patient-level data. Primary analysis focused on
patients undergoing heart transplantation between January 1, 1999 to December 31, 2005
(n=13,024). HR criteria included age [gt] 65yo, retransplantation, HepC+, HIV+, CrCI [It] 30 ml/
min, DM with PVD, DM with Crcl [It] 40 ml/min. MD criteria included age [gt] 55yo, DM, HIV
+, HepC+, EF [It] 45%, and dononrecipient weight [It] 0.7.

RESULTS—Survival in the standard transplant group was better than all other groups (p<0.001).
With a median survival of 5.2 years, long-term survival was worst in the alternate listing
transplant group (p<0.001). The standard transplant group also had the best transplant
hospitalization outcomes, having the lowest incidence of in-hospital infection and dialysis
(p<0.001). Alternate listing transplantations had the highest incidence of in-hospital infection
(p≤0.001). As expected, LOS for the transplant hospitalization was also shortest for standard list
transplants, (p<0.001).

CONCLUSIONS—Pairing high-risk recipients with marginal donors is associated with greater
morbidity and resource utilization compared with standard recipients and donors. Nevertheless,
this strategy offers 5 years or more of additional survival to patients who otherwise would be
expected to live 1 year or less. Therefore, ALT strategies appear to be a reasonable approach to
extending the benefits of transplantation in the heart failure population. However, further studies
examining the costs and quality of life related to this approach are needed.
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INTRODUCTION
There is a critical scarcity of organs available for transplantation. Of an estimated 60,000
potential beneficiaries, fewer than 2,500 undergo cardiac transplantation annually. Given the
significant disparities between the supply and demand for transplantable organs, strategies
designed to offer transplantation to a greater number of candidates have the potential to
provide substantial benefits.

In order to achieve this goal, some centers have advocated for the adoption of Alternate
Listing Transplantation (ALT). Under this strategy, high-risk (HR) candidates who fail to
meet standard criteria for transplantation are considered for “marginal donor” (MD) organs
—these organs do not meet standard donor criteria and would likely otherwise be left
unused.

Alternate listing, however, often means matching the highest risk recipients with poor
quality donor organs; a phenomenon that may be associated with significant morbidity. A
number of small studies have described outcomes using this strategy [1–5]. These studies
have largely found that ALT provides good long-term survival compared to that expected
from end stage heart failure patients who do not undergo transplantation. However, the
studies described experience at only a single center and were limited in size and duration of
follow-up. Therefore, it remains unclear whether the reported outcomes support continued
endorsement of alternate list strategies.

The purpose of this study is to measure clinical outcomes associated with alternate listing
transplantation. This study improves on previous studies by analyzing the national
experience with heart transplantation by using the United Network for Organ Sharing
(UNOS) database.

METHODS
Data Collection

Use of this data is consistent with the regulations of our university’s Institutional Review
Board and the UNOS’ Data Use Agreement. The Standard Transplant Analysis and
Research Dataset was provided by UNOS (data source #021606-4) and is de-identified
patient-level data. It contains information collected from the UNetsm forms, including the
Transplant Candidate Registration form, the Transplant Recipient Registration form, and the
Transplant Recipient Follow-up form. These data are the basis of the UNOS Thoracic
Registry.

Study Population
All recipients aged 18 years and older undergoing heart transplantation between January 1,
1999 to December 31, 2005 were included in the study population. Follow-up data was
provided through February 27, 2006. Patients were followed from the date of transplant until
death, re-transplantation (cardiac), or date of last known follow-up which was the last day of
follow-up data provided by UNOS. Mean follow-up time was 2.40 ± 1.97 years.

Alternate Listing Criteria
A systematic literature review was conducted of previous studies and professional
committee guidelines [6–8] to determine which characteristics and thresholds would be
included in the definitions for high-risk recipients and marginal donors. Patients with any of
the following conditions were classified as high-risk recipients: advanced age (>65years);
retransplantation; hepatitis C+; HIV+; creatinine clearance (CrCI) < 30ml/min; diabetes
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complicated by peripheral vascular disease (PVD), chronic renal failure (CRF) defined as
CrCI < 40ml/min, or history of cerebrovascular accidents (CVA). Marginal donors were
those that met at least one of the following characteristics: advanced age (>55years), cocaine
or IV drug use, diabetes, hepatitis C seropositivity, ejection fraction < 45%, and a donor/
recipient size mismatch (dononrecipient weight ratio < 0.7). Due to the limitations of
registry data, which only provides data at limited timepoints, some criteria such as high
pressor/inotrope requirements in donors and severe pulmonary hypertension in recipients
were not included in the high-risk definitions. Paired recipients and donors were then
stratified by recipient and donor characteristics into 4 categories: Standard recipients paired
with standard donors (STD), standard recipients paired with marginal donors (SR:MD),
high-risk recipients paired with standard donors (HR:SD), and high-risk recipients paired
with marginal donors (ALT).

Outcome Measures
The primary outcomes measures were actuarial post-transplant survival as expressed in
years and incidence rate of death (IRD) per 100 patient years with 95% confidence intervals.
Other outcomes of interest included in-hospital morbidity, as measured by incidence of
retransplantation for primary graft failure (PGF), stroke, infection and need for dialysis, as
well as length of stay during the transplant hospitalization. Long-term outcomes measures
included diabetes mellitus-incidence rate (DM-IR), transplant coronary artery disease-
incidence rate (TCAD-IR), and post-transplantation chronic dialysis-incidence rate (CD-IR).

Data Analysis
Continuous variables were reported as means ± standard deviation and compared using the
Student’s t-test. To compare categorical variables, the chi-square test was used. The
conventional p-value of 0.05 or less was used to determine level of statistical significance.
All reported p-values are two-sided. The hazard ratio and 95% confidence interval were
reported for each factor. All data was analyzed using a statistical software package, Stata 9
(Stata Corp, College Station, TX).

The primary outcome measure was survival reported as median survival and incidence rate
(IR) of death per 100 patient-years with 95% confidence intervals. Kaplan-Meier analysis
with log-rank test was used for time to event analysis for actuarial survival, as well as
TCAD-IR, CD-IR, and DM-IR. For survival analysis, outcome of interest was death or
retransplant, which ever came first. Patients lost to follow-up or alive on February 27, 2006
were censored at the date of last known follow-up. In order to assess the impact of recipient
and donor pairing on early and late mortality, the incidence rate of death per 100 patient-
years was calculated at multiple time intervals (<30 days, 30dy–1yr, 1–2yrs, 2–5yrs).

RESULTS
Study population

Analysis included 13,024 (Table 1) recipients stratified by recipient and donor
characteristics into 4 categories: STD (n=9,642, 74.0%), SR:MD (970, 7.5%), HR: SD
(2065, 15.9%), and ALT (347, 2.7%).

Survival (Figure 1)
As expected, survival in the standard transplant group was better than all other groups
(p<0.001). Although 30-day survival was similar between all of the non-standard groups
(NR:MD, HR:ND, ALT), survival was worst in the ALT group by 1 year (p<0.001).
Survival for the STD and ALT groups were, respectively, 95.6% and 92.0% at 30-days and
75.1% and 51.4% at 5 years. Survival was similar between the intermediate risk groups
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(SR:MD and HR:ND) in both the short and long-term (p=0.80). Survival for the SR:MD and
HR:ND groups were, respectively, 92.4% and 93.3% at 30-days and 67.6% and 67.0% at 5
years.

Figure 2 illustrates the IRD during various time periods following transplantation by group.
Not surprisingly, in the first 90 days following transplantation the standard group had a
significantly lower IRD than the other groups. However, as time passes these differences
lessen. In fact, after the first year post transplant, there is no statistical difference between
the standard group and the intermediate risk groups, though IRD remains higher in the
alternate list group. At years 2–5 there are no differences among these intermediate risk
groups and ALT; though ALT remains slightly higher than the standard group

Transplant Hospitalization Adverse Events (Figure 3)
Standard list transplantations had the lowest incidence of infection (21.1%) and dialysis
(7.1%) during the transplant hospitalization (p<0.001). Alternate listing transplantations had
the highest incidence of infection, 35.4% (p≤0.001). Although dialysis rates in ALT
transplantations were greater than either standard recipient group, they were similar to high-
risk recipients who received normal hearts, 16.1% (p=0.27). There were no differences in
incidence of stroke between the groups.

Utilization (Figure 3)
Length of stay was used as a proxy for health care resource utilization (Table 2). As
expected, length of stay for the transplant hospitalization was the shortest for standard list
transplants, 18.8 days (p<0.001). Length of stay for the ALT recipients (27.4 days) was
longer then either of the normal recipient transplant groups (p<0.03), however, it was
comparable to high-risk recipients who received normal hearts, 23.6 days (p=0.06).

Long-term Complications of Transplantation (Figure 4)
The chronic dialysis incidence rate of the standard group (2.5, 2.2–2.9) was better then both
the high risk recipient transplant groups (HR:ND 5.5, 4.5–6.6; ALT 5.0, 3.1–8.0), although
no different then NR:MD (3.2, 2.3–4.4). The TCAD incidence rates in the standard
population (6.7, 6.3–7.0) was lower then both transplant groups who received marginal
donor hearts (NR:MD 10.3., 8.9–11.8; ALT 9.5, 7.3–12.5), but the same as high-risk
patients who received a normal donor heart (6.3, 5.5–7.2). The diabetes incidence rate in the
standard group (14.9, 14.3–15.5) was lower than both the high-risk recipient groups
(HR:ND 20.4, 18.9–22.2; ALT 17.5, 17.5–25.9), but the same as NR:MD (16.7, 14.9–18.7).

COMMENT
The burden related to heart failure continues to grow. Unfortunately, treatment options
remain limited. Medical management ameliorates symptoms and prolongs survival in mild
to moderate heart failure, however, it does not treat the underlying pathology; therefore,
with medical therapy alone, disease remains progressive and typically leads to death [9–10].
Left ventricular assist devices offer a promising alternative, but long-term survival remains
limited and adverse events are substantial. Biological therapies for cardiac disease, including
gene and stem cell therapies, are in the experimental phases. Heart transplant remains the
gold standard in the treatment of end-stage heart failure; however, its use is limited by the
critical scarcity of donor organs. Therefore achieving additional benefit from this therapy is
predicated on expanding the donor pool.

Alternate waiting list strategies have been promoted as a means to maximize the use of so-
called “marginal donor hearts,” and thereby offer the benefit of transplantation to a greater
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number of candidates. Under this strategy, “high-risk” patients who fail to meet standard
criteria for transplantation are considered candidates for organs that would otherwise have
been discarded. Paradoxically, as part of this strategy the highest risk recipients are matched
with higher-risk donor organs. This poses a number of clinical, ethical, and policy concerns.

Findings here demonstrate that standard recipients paired with standard donors realized the
best survival, and high-risk recipients paired with marginal donors had the worst survival.
Compared with the standard group, the alternate list group had significantly worse survival.
There was a step wise decrease in survival moving from standard to intermediate to alternate
list, but survival was similar between the intermediate risk pairs (HR:ND and MR:SD).

Matching high-risk recipients and marginal donors offers a median survival of greater than 5
years to patients. Because this observed survival is significantly less than the median
survival of the overall transplant population, it has been argued that it is unethical to offer
marginal donor organs for transplantation. However, given a life expectancy of 6 to 12
months among these patients in the absence of heart transplantation [11], matching high-risk
recipients with marginal donors should be considered as a treatment option.

When considering survival benefits of standard treatments for other potentially terminal
diseases, such as surgical resection for pancreatic or esophageal cancer, where median
survival for patients is less than 18 months, alternate listing provides significantly greater
survival benefit [12, 13]. Furthermore, in the context of thoracic organ transplantation,
providing marginal donor hearts to high-risk recipients offers survival similar to that
provided by lung transplantation [14].

Post-transplant morbidity and resource utilization
Additional findings here demonstrate that pairing high-risk recipients with marginal donor
hearts is associated with greater morbidity and resource utilization compared with standard
recipients and donors. Interestingly, the development of diabetes and the need for chronic
dialysis appear to be correlated with high-risk recipient characteristics, while development
of transplant coronary artery disease appears to be related to poor donor organ quality.

Given the constraints of our healthcare system, and its finite resources, additional studies
examining the cost-effectiveness of this strategy are required to determine the place of this
strategy along side other heart failure therapies.

Future studies—These findings suggest that developing a national, standardized
mechanism for ALT listing, as has occurred in other organ systems, including liver and
kidney, may further maximize the use of potential donor organs and expand the benefit of
transplantation. Furthermore, this strategy may provide secondary benefit by risk-adjusting
for recipients and transplant centers as we shift to stricter quality oversight and pay for
performance, in order to avoid penalizing centers that transplant higher-risk patients.

However, additional studies are needed before a stratified system that pairs recipients and
donors by risk can be appropriately employed. First, future studies should determine
methods to objectively define high-risk recipient and marginal donor criteria. Second,
although the favorable survival described in this analysis supports alternate listing as a
clinically effective treatment strategy for patients who might not otherwise be candidates for
transplantation, the impact of quality of life and the cost implications of this additional
survival still need to be evaluated.
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Limitations
This study suffers from a number of limitations. First, UNOS does not formally designate
recipients as alternate list candidates. Therefore, outcomes in high-risk patients paired with
marginal donors were used as a conservative proxy for alternate list transplantation
outcomes. However, considering reports in previous studies that approximately one-quarter
of alternate list recipients receive organs from standard donors, this current analysis may
underestimate survival under ALT [2].

Second, patient registries often suffer from variability in data entry. However, fields
contained within this database were generally well populated with a 95–99% data entry rate
for the majority of variables. Though the UNOS reporting system provided definitions for
variables in data guidelines, definitions may vary by center.

CONCLUSION AND IMPLICATIONS
In conclusion, alternate listing is associated with greater morbidity, higher resource
utilization and diminished survival compared with standard list transplantations. However,
end-stage heart failure is a terminal disease; life expectancy among these high-risk
candidates is 6 to 12 months in the absence of heart transplantation. Transplantation within
the alternate risk group conferred a median survival of more than 5 years.

These findings suggest that developing a national, standardized mechanism for ALT listing,
as has occurred in other organ systems, including liver and kidney, may further maximize
the use of potential donor organs and expand the benefit of transplantation. However, further
studies examining the implications of costs and quality of life related to this approach are
needed.
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Abbreviations Table

ALT Alternate Listing Transplantation

CVA Cerebrovascular Accidents

CrCI Creatinine Clearance

DM Diabetes Mellitus

EF Ejection Fraction

HF Heart Failure

HR High-risk Recipients

MD “Marginal” Donor Organs

PVD Peripheral Vascular Disease

UNOS United Network for Organ Sharing

STD Standard Recipients paired with Standard Donors

Russo et al. Page 6

Ann Thorac Surg. Author manuscript; available in PMC 2011 May 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



SR:MD Standard Recipients paired with Marginal Donors

HR:SD High-risk Recipients paired with Standard Donors

ALT High-risk Recipients paired with Marginal Donors

RF-IR Chronic Dialysis-Incidence Rate

DM-IR Diabetes-Incidence Rate

TCAD-IR Transplant Coronary Artery Disease-Incidence Rate
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Figure 1.
Kaplan Meier Survival Analysis Following Transplantation by Transplant Group
STD=standard recipient paired with standard donor, SR:MD=standard recipient paired with
marginal donor, HR:SD=high- risk recipient paired with standard donor, ALT=high risk
recipient paired with marginal donor
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Figure 2.
Incidence rate of death by time period and group
STD=standard recipient paired with standard donor, SR:MD=standard recipient paired with
marginal donor, HR:SD=high- risk recipient paired with standard donor, ALT=high risk
recipient paired with marginal donor;
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Figure 3.
Transplant hospitalization: length of stay and incidence of complications by group.
*p value<0.05 when compared to the STD group; STD=standard recipient paired with
standard donor, SR:MD=standard recipient paired with marginal donor, HR:SD=high-risk
recipient paired with standard donor, ALT=high risk recipient paired with marginal donor;
Retxp for PGF=retransplantation for primary graft failure.
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Figure 4.
Incidence rates of long-term complications of transplantation.
TCAD=transplant coronary artery disease; STD=standard recipient paired with standard
donor, SR:MD=standard recipient paired with marginal donor, HR:SD=high-risk recipient
paired with standard donor, ALT=high risk recipient paired with marginal donor
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