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Predicting Outcomes on the Liver Transplant
Waiting List in the United States: Accounting for
Large Regional Variation in Organ Availability
and Priority Allocation Points
Allyson Hart, MD, MS,1 David P. Schladt, MS,2 Jessica Zeglin, MPH,2 Joshua Pyke, PhD,2 W. Ray Kim, MD,2,3

John R. Lake, MD,2,4 John P. Roberts, MD,5 Ryutaro Hirose, MD,5 David C. Mulligan, MD,6

Bertram L. Kasiske, MD,1,2 Jon J. Snyder, PhD, MS,2,7 and Ajay K. Israni, MD, MS1,2,7

Background. The probability of liver transplant and death on the waiting list in the United States varies greatly by donation
service area (DSA) due to geographic differences in availability of organs and allocation of priority points, making it difficult for pro-
viders to predict likely outcomes after listing. We aimed to develop an online calculator to report outcomes by region and patient
characteristics. Methods. Using the Scientific Registry of Transplant Recipients database, we included all prevalent US adults
aged 18 years or older waitlisted for liver transplant, examined on 24 days at least 30 days apart over a 2-year period. Outcomes
were determined at intervals of 30 to 365 days. Outcomes are reported by transplant program, DSA, region, and the nation for
comparison, and can be shown by allocation or by laboratory model for end-stage liver disease (MELD) score (6-14, 15-24,
25-29, 30-34, 35-40), age, and blood type. Results. Outcomes varied greatly by DSA; for candidates with allocation MELD
25-29, the 25th and 75th percentiles of liver transplant probability were 30% and 67%, respectively, at 90 days. Corresponding
percentiles for death or becoming too sick to undergo transplant were 5% and 9%. Outcomes also varied greatly for candidates
with and without MELD exception points.Conclusions. The waitlist outcome calculator highlights ongoing disparities in access
to liver transplant andmay assist providers in understanding and counseling their patients about likely outcomes on thewaiting list.

(Transplantation 2016;100: 2153–2159)
L iver transplant is a life-saving treatment for many pa-
tients with irreversible liver disease; however, 1767 can-

didates in the United States died while on the waiting list in
2013 and an additional 1223 candidates were removed from
Received 25 January 2016. Revision received 3 May 2016.

Accepted 5 June 2016.
1 Department of Medicine, Hennepin County Medical Center, University of Minnesota,
Minneapolis, MN.
2 Scientific Registry of Transplant Recipients, Minneapolis Medical Research Foun-
dation, Minneapolis, MN.
3 Division of Gastroenterology and Hepatology, Department of Medicine, Stanford
University, Palo Alto, CA.
4 Division of Gastroenterology, Department of Medicine, Hepatology, and Nutrition,
University of Minnesota, Minneapolis, MN.
5 Department of Surgery, University of California San Francisco, San Francisco, CA.
6 Department of Surgery, Yale University, New Haven, CT.
7 Department of Epidemiology and Community Health, University of Minnesota,
Minneapolis, MN.

This work was conducted under the auspices of the Minneapolis Medical Research
Foundation, contractor for the Scientific Registry of Transplant Recipients, as a
deliverable under contract no. HHSH250201500009C (US Department of Health
and Human Services, Health Resources and Services Administration, Healthcare
Systems Bureau, Division of Transplantation). As a US Government-sponsored
work, there are no restrictions on its use. The views expressed herein are those of
the authors and not necessarily those of the US Government. Dr. Hart was also
supported by the National Center for Advancing Translational Sciences in the
National Institutes of Health Award Number UL1TR000114. Dr. Israni was also
supported by R01 HS 24527. The funding agencies had no direct role in the
conduct of the study, the collection, management, analyses and interpretation of
the data, or preparation or approval of the manuscript.

Transplantation ■ October 2016 ■ Volume 100 ■ Number 10

Copyright © 2016 Wolters Kluwer H
the list because they were too sick to undergo transplant.1

Mortality on the liver transplant waiting list is strongly cor-
related with disease severity, calculated using the model
for end-stage liver disease (MELD) score.2-4 Since 2002, US
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candidates have been prioritized on the liver transplant
waiting list by the Organ Procurement and Transplanta-
tion Network (OPTN) according to their MELD scores.
The OPTN operates under a federal contract and includes
all US transplant programs and organ procurement organiza-
tions as members. Allocation by MELD score is an attempt
to equitably allocate deceased donor livers according to
standardized medical criteria,5 but these scarce resources
continue to be allocated in a system that attempts to give
them to the sickest local candidates before offering them to
a broader geographic area (http://www.unos.org/docs/
Liver_patient.pdf).

Implementation of the MELD allocation system in the
United States resulted in an overall increase in the mean
MELD score at the time of transplant and decreases in
waitlist mortality rates and in numbers of patients removed
from the list due to being too sick to undergo transplant. Fur-
thermore, these benefits occurred without a corresponding
decrease in posttransplant survival.6-9 However, regional
variation in waitlist outcomes persists, including in average
MELD score at transplant and risk of delisting due to death
or becoming too sick.8,10-14 Use of MELD score excep-
tions also varies by region.15 TheMELD exceptions are given
by OPTN to candidates whose MELD scores do not ade-
quately reflect the medical need for transplant, most com-
monly for hepatocellular carcinoma (http://www.unos.org/
docs/Liver_patient.pdf), resulting in an allocation MELD
score higher than the laboratory MELD score. Outcomes for
candidates with a given allocation MELD score differ greatly
for those with and without exception points.15 These varia-
tions in availability of organs and in use of MELD exception
scores make it difficult for individual patients and their pro-
viders to understand the likely outcomes specific to their geo-
graphic areas while on the liver transplant waiting list, or how
these outcomes compare with the nation and other regions.

Several possible mutually exclusive outcomes can occur
for patients on the liver transplant waiting list: (1) deceased
donor liver transplant, (2) living donor liver transplant,
(3) death or removal from thewaiting list due to deteriorating
medical condition, (4) removal from the list due to improved
condition such that transplant is no longer needed, (5) re-
moval from the list for other reasons, or (6) remaining on
the waiting list. We created an online calculator (http://
tools.srtr.org/LiverWaitCalc_V4/) to help liver transplant pro-
viders understand possible outcomes at different time points
in the coming year based on the candidate's blood type,
age, current allocation or laboratory MELD score, and
geographic location.

MATERIALS AND METHODS
This study used data from the Scientific Registry of Trans-

plant Recipients (SRTR). The SRTR data system includes
data on all donors, waitlisted candidates, and transplant
recipients in the United States, submitted by the members
of OPTN, and has been described elsewhere.16 The Health
Resources and Services Administration, US Department of
Health and Human Services, provides oversight of the activ-
ities of the OPTN, and SRTR contractors.

Study Population
We included all adults (aged 18 years or older) active on

the liver transplant waiting list on any of 24 specific days
Copyright © 2016 Wolters Kluwer
between September 2012 and July 2014. Status 1A can-
didates were excluded because they do not use the MELD
allocation system, as described below. Patients listed for
multiorgan transplant were also excluded.

Analytical Approach
The online calculator was built to show possible out-

comes from any day on the waiting list, not only from the
candidate's first day. A candidate's priority on the list was de-
termined by the MELD score, calculated from serum creati-
nine, bilirubin, and international normalized ratio values,
and by whether the candidate received dialysis within the
past week. These factors resulted in a measured, or labora-
tory, MELD score. In addition, some candidates were awarded
MELDexception priority points due to other underlying con-
ditions that warrant additional priority (eg, hepatocellular
carcinoma, primary hyperoxaluria, hepatopulmonary syn-
drome), resulting in an allocation MELD score that may dif-
fer from the laboratoryMELD score. TheMELD scores were
grouped into categories: 6-14, 15-24, 25-29, 30-34, and
35-40. Because there is no requirement for programs to
update the laboratory MELD once exceptions are granted,
the reliability of these candidates' laboratory MELD scores
is suspect. Therefore, the calculator allows selection of
results for only candidates with exceptions, only candidates
without exceptions, or all candidates within the allocation
MELD range.

The calculator uses actual historical data from 2013 to
2015 to derive the outcomes. Because actual results are re-
ported rather than statistical modeling, confidence intervals
or statistical significance testing is not indicated. All candi-
dates on the national liver transplant waiting list were exam-
ined on 24 separate days within a 2-year period, each about
30 days apart. Candidates were followed up for 30, 60, 90,
180, or 365 days to observe outcomes. As the 24 observation
days were all more than 30 days apart, all candidates on the
list on any of the 24 observation days were used to derive the
30-day estimates. Overlapping dates were subsequently re-
moved for longer follow-up times. For example, only candi-
dates on the list on March 18, 2013, September 20, 2013,
March 25, 2014, and September 27, 2014, were included in
the 180-day estimates (each of these 4 days is at least 180 days
from the others), and only candidates on the list onMarch 18,
2013, and March 25, 2014, were included in the 365-day
estimates (each of these 2 days is at least 365 days from the
other) (Table 1). Candidates listed at multiple programs were
included separately, as if theywere different candidates; how-
ever, a transplant event was counted only toward the area
in which it took place, eg, program, DSA, or region. Thus,
for a candidate listed at a program inNewYork and at a pro-
gram in Washington, DC, who underwent transplant in
Washington, DC, the calculator counted the transplant to-
ward the Washington, DC, program, DSA, and region. The
outcomes were determined based on a candidate's MELD
score at the time the list was sampled; if a candidate's MELD
score changed at any time after the sampled date, only the
MELD score on the sampled date was used. Outcomes are
presented as counts and percentages of all candidatesmeeting
the selection criteria (blood type [optional], age group [op-
tional], and MELD score range).

The calculator reports estimated outcomes at the following
geographic levels:
 Health, Inc. All rights reserved.
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TABLE 1.

Sampling dates for the current calculator

Date sampled 30-Day 60-Day 90-Day 180-Day 365-Day

March 18, 2013 X X X X X
April 18, 2013 X
May 19, 2013 X X
June 19, 2013 X X
July 20, 2013 X X
August 20, 2013 X
September 20, 2013 X X X X
October 21, 2013 X
November 21, 2013 X X
December 22, 2013 X X
January 22, 2014 X X
February 22, 2014 X
March 25, 2014 X X X X X
April 25, 2014 X
May 26, 2014 X X
June 26, 2014 X X
July 27, 2014 X X
August 27, 2014 X
September 27, 2014 X X X X
October 28, 2014 X
November 28, 2014 X X
December 29, 2014 X X
January 29, 2015 X X
March 1, 2015 X

To create nonoverlapping observation windows for the varying outcomes studied, only certain days are
included in the estimates for the various timeframes as shown in the table. Sampling dates will be up-
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1. Transplant program: outcomes for candidates listed at the
selected program.

2. DSA: a geographic region served by 1 of the 58 organ
procurement organizations. Some DSAs have more than
1 transplant program.

3. OPTN region: there are 11 in the United States.
4. National: all transplant programs in the OPTN system.

dated quarterly as the calculator is updated.
FIGURE 1. Variation in 90-day probabilities of undergoing deceased do
becoming too sick to undergo transplant (panel B) by DSA.

Copyright © 2016 Wolters Kluwer H
The calculator provides data for the 4 geographic levels
so users can compare outcomes at the program and in the
DSA, the broader OPTN region, and the nation as a whole.
For some subsets, the numbers of candidates may be too
small to allow for good estimates of outcomes. Data will be
suppressed for any geographic area that includes fewer than
5 candidates. In these cases, data may be sufficient to allow
estimates to be derived at the next larger geographic level,
such as the DSA, the OPTN region, or the nation. The calcu-
lator will be updated quarterly to ensure that the most recent
data are used to provide estimates.
RESULTS
Waiting list outcomes varied greatly by DSA (Figure 1).

For the 90-day outcome of undergoing deceased donor trans-
plant for candidates with an allocation MELD score of 25 to
29, the 25th and 75th percentiles of the probability within
the DSAwere 30% and 67%, respectively, with a total range
from 6.6% to 100% across DSAs. Similarly, the 25th and
75th percentiles of the probability of death or removal from
the list due to deteriorating medical condition for candidates
with an allocation MELD score of 25 to 29 were 5% and
9%, with an overall range of 0% to 23.5% across DSAs
(note: only DSAs with 5 or more candidates in the MELD
category were included in these summaries). The number of
candidates with high allocationMELD scores differed greatly
from the number with high laboratoryMELD scores: nation-
ally, 6587 sampled candidates had an allocationMELD score
of 30 to 34, while only 1775 candidates had a laboratory
MELD score in that range.

To view outcomes in the calculator, users select a state, a
transplant program, and the desired length of follow-up, and
they may specify age and blood type. In addition, users select
whether to view outcomes for candidates with exceptions or
without exceptions, or for all candidates in the allocation
MELD score category (Figure 2). Once patient characteristics
and length of follow-up have been selected, the calculator's
output can be displayed in graphical or tabular format (counts
nor transplant (panel A) or dying or being removed from the list due to

ealth, Inc. All rights reserved.
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and percentages for each outcome). Users can change the
transplant program selection while leaving other characteris-
tics unchanged to examine regional differences in the proba-
bility of different outcomes. Screen shots of the calculator
output comparing 2 regions without changing patient vari-
ables are shown in Figure 3; output comparing outcomes
for patients with aMELD score of 25 to 29with versus with-
out exception points, and with blood type O versus blood
type A, is shown in Figures 4 and 5, respectively.

The calculator sample size varies depending on the vari-
ables and follow-up period selected; for example, for the out-
comes for all liver transplant candidates with an allocation
MELD score of 25 to 29 in the United States at 30 days,
27 060 candidates are represented in the calculator output;
for all candidates in the United States with an allocation
MELD of 35 to 40, 1872 candidates are represented. Con-
versely, for outcomes at a single transplant center, selection
of specific age groups, MELD category, and blood type
may result in suppressed output due to fewer than 5 such can-
didates meeting the criteria available during that period. The
number of candidates for each outcome is indicated in the
calculator output.

DISCUSSION
We provide a simple online calculator for liver transplant

candidates and their providers to predict what may happen
in the coming year on the liver transplant waiting list. This
FIGURE 2. Data entry options.

Copyright © 2016 Wolters Kluwer
calculator reflects all the possible but mutually exclusive (or
competing) outcomes on the list, especially as severity of ill-
ness as reflected by MELD score increases.17 The calculator
will be updated quarterly to reflect the most recent outcomes,
ensuring that it remains relevant in a changing clinical land-
scape. For example, the Share-35 policy implemented in
June 2013 decreased waitlist mortality for candidates with
MELD scores 30 or higher by 30%,18 an outcome reflected
in the most current version of the calculator.

The profound survival benefit derived from liver trans-
plant, combined with an ongoing organ shortage, makes
the communication of likely outcomes and options for liver
transplant candidates critical. Communicating risks and ben-
efits to patients is fundamental to patient-centered care and
informed decision making. The development of a robust,
up-to-date calculator makes truly informed decision making
more possible; indeed, the Institute of Medicine has called
for the development and dissemination of high-quality pa-
tient communication tools to improve engagement in shared
decision making.19

In agreement with previous studies, the calculator high-
lights significant regional differences in outcomes for patients
with similar characteristics, such as disease severity; for ex-
ample, the 90-day outcome of undergoing deceased donor
transplant with an allocationMELD score of 25 to 29 ranged
from 7% to 100% across all DSAs. Before 2002, waiting
time and many subjective measures of disease severity played
a central role in liver allocation, resulting in large regional
differences in transplant rates and in candidates with more
rapidly progressive disease dying on the list while more stable
patients underwent transplant.5 As evidence mounted that
waiting time was not associated with waitlist mortality,20

the Department of Health and Human Services adopted the
Final Rule in 1998 to establish the guideline that organs should
be allocated in order ofmedical urgency.21 This prompted the
adoption of the MELD allocation system, a medical triage
system meant to ensure equitable allocation of organs and
to minimize the “accident of geography” as a determinant
of transplant access.5 However, organs continue to be gener-
ally allocated in a local, then regional, then national pattern
due to concerns about efficient management of organ place-
ment and ischemia time. After adoption of the MELD al-
location system, investigators reported early recognition of
ongoing regional disparities, suggesting that although the
MELD system may accurately predict pretransplant mortal-
ity, it did not ensure equitable organ distribution.8 In 2003,
Schaffer et al10 reviewed data from 1 of the 11OPTN regions
and found significantly different MELD scores at the time
of transplant among DSAs. The following year, Trotter and
Osgood11 reported differences in MELD scores at the time
of transplant between small and large organ procurement or-
ganizations; they found that fewer recipients in smaller organ
procurement organizations had severe disease as defined by
a MELD score greater than 24. Later studies reflecting more
experiencewith theMELDallocation system continued to re-
port findings such as higher likelihood of removal from the
list due to deteriorating condition in some DSAs in 1 OPTN
region,13 and larger follow-up studies using national data
confirmed regional differences in MELD scores and waiting
times at the time of transplant.14,22 The ability to provide
region-specific information is therefore critical for a useful
liver transplant waitlist calculator. Use of the SRTR database
 Health, Inc. All rights reserved.



FIGURE 3. Outcomes for an adult transplant candidate in the San Francisco, Calif, donation service area (panel A) and the Memphis,
Tennessee, donation service area (panel B) at 180 days. Data provided by the online calculator based on input of allocation MELD score
15 to 24, regardless of age or blood type.

FIGURE 4. Outcomes for an adult transplant candidate in the San Francisco, Calif, donation service area with MELD 24 to 29 at 180 dayswith
(panel A) and without (panel B) exception points, of any age or blood type.
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Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 5. Outcomes for an adult transplant candidate in the San Francisco, California, donation service area with MELD 24–29 at 180 days
of any age with blood type A (panel A) and O (panel B).
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and incorporation of regional information ensures that this
calculator is relevant to candidates throughout the country.
By providing data at various geographic levels, we also allow
comparisons with outcomes in other regions and in the na-
tion, potentially informing decisions about where to pursue
listing if multiple listing is feasible.

By providing the ability to view outcomes for candidates
with or without exceptions, this calculator allows users to
find the information that is most relevant to a given can-
didate. Exception points, resulting in a higher allocation
MELD score, are associated with both decreased waitlist
mortality and increased likelihood of transplant compared
with no exception points and a laboratoryMELD score iden-
tical to the allocation MELD score.15 Massie et al15 demon-
strated that in addition to geographic variations in waitlist
mortality and outcomes, large geographic differences exist
in the use and allocation of exception points. Unfortunately,
these differences make it potentially difficult for providers
of individual candidates to predict how the allocationMELD
score might differ across programs. In addition, the accuracy
of these candidates' laboratory MELD scores is uncertain,
as candidates with exception points are not required to recer-
tify their laboratory MELD scores. Given the differences in
outcomes between candidates with and without exception
points, as well as the geographic variability in the use of ex-
ceptions, it is important that any prediction calculator ac-
count for these variations.

Although this calculator provides valuable information to
candidates and providers, it has important limitations. As
with any risk predictor, our online calculator can provide in-
formation based only on what happened recently to similar
candidates; in a clinically useful calculator, the number of
Copyright © 2016 Wolters Kluwer
variables included is limited. However, because this calcula-
tor uses actual patient data from the prior 2 years, adding
too many specific variables would increase the chances of
data suppression due to an insufficient number of patients
similar to the candidate in question. Similarly, data from
smaller regions (including programs) are more likely to be in-
sufficient to report in the calculator; increasing the time from
which the calculator draws data would decrease this likeli-
hood, but at the expense of relevance to the current era. Alter-
natively, statistical models could be developed to estimate
likely outcomes at a more granular level of candidate charac-
teristics, but the very small sample sizes would produce such
large confidence intervals that the accuracy and therefore
usefulness of such a prediction would be suspect. In addition,
modeled estimatesmay be difficult to apply at the program or
DSA level since not all programs accept all types of candi-
dates and programs may have different listing practices. For
these reasons, we believe that a calculator using actual histor-
ical data is valuable in this context.

Another important limitation of any calculator to predict
waitlist outcomes involves the use of the MELD score as
a predictor. This variable is complicated by differences in
waitlist outcomes between candidates with and without ex-
ception points; we have attempted to improve the trans-
parency of these differences by giving users the option of
selecting and comparing outcomes of those with or without
exception points, but a discussion between transplant pro-
viders and candidates about how the results apply to an indi-
vidual remains important. For candidates with exception
points, the outcomes of other candidates with exception
points are likely more relevant, whereas for candidates with-
out exception points the allocation MELD score reflects a
 Health, Inc. All rights reserved.
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greater likelihood of dying on the list, and outcomes of other
candidates without exception points are more relevant. Sim-
ilarly, this calculator is intended only to provide information
about outcomes before liver transplant; it provides no infor-
mation about posttransplant outcomes. Scientific Registry
of Transplant Recipient publishes program-specific reports
(http://srtr.org/local_stats.aspx) that present posttransplant
outcomes.

Finally, the optimal use of such a calculator and the
method of communicating risk to liver transplant candidates
is unknown; we have attempted to convey the information
clearly, including graphical illustrations, but more research
is needed regarding how to best convey risk estimates to liver
transplant candidates in particular and to patients in gen-
eral.23 In addition, the effect of providing this information
to liver transplant candidates is unknown. Although listing
at multiple sites is uncommon, it does occur,24 and previous
studies have shown that candidates preferentially list at cen-
terswith shorter waiting times when this option and informa-
tion are available to them.25 We also do not know whether
providing information about likely outcomes will cause un-
due distress or improve informed decision making, and fur-
ther research is needed regarding how patients and providers
use this information.

In conclusion, liver transplant candidate outcomes vary
substantially by geographic area and use of exceptions, and
our outcome calculator provides information that may be
valuable in educating and assisting candidates and their pro-
viders in making informed decisions.
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