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ABSTRACT

Background. Equitable deceased donor liver allocation and distribution has remained a
heated topic in transplant medicine. Despite the establishment of numerous policies, mixed
reports regarding organ allocation persist.
Methods. Patient data was obtained from the United Network for Organ Sharing liver
transplant database between January 2016 and September 2017. A total of 20,190 patients
were included in the analysis. Of this number, 8790 transplanted patients had a median
Model for End-Stage Liver Disease (MELD) score of 25 (17-33), after a wait time of 129
(32-273) days. Patients were grouped into low MELD and high MELD regions using a
score 25 as the cutoff.
Results. Significant differences were noted between low and high MELD regions in
ethnicity (white 77.4% vs 60.4%, Hispanic 8.1% vs 24.5%; P< .001) and highest level of
education (grade school 4.8% vs 8.5%, Associate/Bachelor’s degree 19% vs 15.7%,
P< .001), respectively. Patients in high MELD regions were more likely to be multiply
listed if they had a diagnosis of hepatocellular carcinoma (12.1% vs 15%, P¼ .046). Wait-
list mortality (4.8% vs 6%, P< .001) and wait-list time (110 [27-238] vs 156 [42-309] days,
P< .001) were greater in the high MELD regions.
Conclusions. These results highlight some of the existing disparities in the recently
updated allocation and distribution policy of deceased donor livers. Our findings are
consistent with previous work and support the liver distribution policy revision.
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THE distribution of deceased donor livers remains a
source of heated debate in the transplant community.

The Final Rule from the US Department of Health and
Human Services in March 2000 was developed out of
concern for large geographic disparities in allocation of
organs [1]. The rule called for objective and standardized
criteria to be used in prospective recipient assessment, and
subsequent organ allocation. This led to the development of
the Model for End-Stage Liver Disease (MELD) score, and
subsequent regional/national sharing policies for allocation
of deceased donor livers [2]. The management of patients
with hepatocellular carcinoma (HCC) within Milan criteria
[3] has also been a subject of discussion. Patients with HCC
MELD exception points have been found to have signifi-
cantly lower dropout rates than matched non-HCC patients
[4]. Despite several updates to the organ allocation policies,
reports of geographic disparities persist. The etiology of this
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persistent disparity appears to be multifactorial. A portion
of this is due to poorly structured policies [5,6], while
transplant center [7] and patient behavior [8e10] have been
implicated as other possible factors.
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Table 1. Patient Demographics

Demographic details All patients (N¼ 20,190)

Age, y; median (IQR) 57 (49-63)
Male sex, % 12,722 (63)
Ethnicity

White 13,962 (69.2%)
African American 1781 (8.8%)
Hispanic 3251 (16.1%)
Asian 854 (4.2%)
Native American/ 191 (0.9%)
Native Hawaiian/Pacific Islander 33 (0.2%)
Multiracial 118 (0.6%)

Education
None 80 (0.4%)
Grade school 1327 (6.6%)
High school 7808 (38.7%)
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The most recent update is the introduction of the MELD
Sodium score, implemented in January 2016 following
recognition of the role of hyponatremia as an independent
predictor of mortality in cirrhotic patients. This tool allows
for proper risk stratification, and subsequent allocation of
organs to the sickest patients. Nevertheless, reports of
geographic disparity continue to trickle in [11,12]. There
have been calls for restructuring the current allocation sys-
tem [13e17] in favor of a system that truly prioritizes the
“sickest-first” approach over proximity.
Since the introduction of the MELD Sodium score, there

have been no studies assessing its impact on the reported
geographic disparities. This study aims to provide a
contemporary evaluation of the deceased donor liver allo-
cation system.
Attended college/technical school 4640 (23%)
Associate/Bachelor’s degree 3490 (17.3%)
Post college graduate degree 1393 (6.9%)
Not applicable (< 5 y) 512 (2.5%)
Unknown 820 (4.1%)

Diagnosis
HCC 4385 (21.7%)

Transplanted patients 8790 (43.5%)
Time on waiting list (listing to

transplant), d; median (IQR)
129 (32-273)

Requiring ventilator or organ support at
time of listing

770 (3.8%)

MELD score at listing; median (IQR) 17 (11-25)
MELD score at transplant; median (IQR) 25 (17-33)
MELD score at transplant, excluding

HCC patients; median (IQR)
27 (19-34)

Death on wait-list 1091 (5.4%)

HCC, hepatocellular carcinoma; IQR, interquartile range; MELD, Model for
End-Stage Liver Disease
MATERIALS AND METHODS

This study is based on the Standard Transplant Analysis and
Research files prepared by the United Network for Organ Sharing
(UNOS), containing transplant and registration data for patients
until September 30, 2017. The study was exempt from institutional
review board approval as it was based on an already existing dataset
of deidentified information. Data was obtained by querying the liver
transplant and waiting list files. Patient selection was limited to the
most recent change in liver allocation rules, which came into effect
on January 1, 2016.

Demographic data such as candidate age, sex, ethnicity, and
highest educational achievement were obtained. Diagnosis at the
time of listing, time spent on the waiting list, death while on the
waiting list, laboratory-based MELD Sodium scores at listing, as
well as at removal from the waiting list were also collected. Patients
with missing MELD scores at listing, or removal, MELD scores< 6,
or> 45 were excluded as this data was considered unreliable.
Patients receiving living donor organs, or requiring emergent
re-transplant following initial transplant failure were excluded.

Transplant specific information such as region of transplant,
organ cold ischemia time, distance of organ to transplant center,
and organ sharing rule applied were also obtained. Descriptive
statistics were obtained for the MELD scores at the time of trans-
plant in each region. Regions were classified as either low MELD,
or high MELD depending on the numerical relationship of the
median regional MELD to the median national MELD. Patients
listed in multiple centers were identified by querying the waiting list
for recurring encrypted patient identifiers. Available donor infor-
mation was used to calculate the donor risk index for transplanted
organs using the formula derived by Feng et al [18].

Categorical variables were described as proportions of the
denominator population and reported as percentage while contin-
uous variables were reported as median and interquartile range.
Certain continuous variables were grouped for analysis using clini-
cally relevant cut-points eg MELD score< 30; 31-40; and> 40.
Normality testing of continuous variables was performed using the
Shapiro-Wilk test. Univariate analyses were performed using Pear-
son’s c2 for categorical variables, and the Mann-Whitney U test for
continuous variables. Pearson’s c2 with Bonferroni adjustments was
used for multiple comparisons of multinomial categorical or ordinal
variables. Cox proportional hazards regressionmodelling was used to
explore patient survival. Variables differing at P� .2 were selected
from a univariate analysis and entered into a stepwise Cox regression
model. Using backward, and forward selection models, variables
differing atP� .1 were entered into the finalmodel to identify factors
associated with survival following deceased donor liver transplant in
our population. A P value< .05 was considered significant. All sta-
tistical analyses were performed using SPSS Statistics for MacIntosh
version 25.0 (IBM, Armonk, NY, United States).

RESULTS

The UNOS Standard Transplant Analysis and Research file
contained data for 214,390 liver transplant candidates
(247,638 waiting list entries). Of this number, 21,449 were
listed on or after January 1, 2016. We excluded 1259
patients for various reasons: negative MELD score at
transplant (n¼ 175), MELD score between 0 and 6 (n¼ 67),
or> 45 (n¼ 596), and living donor recipients (n¼ 421),
leaving 20,190 patients for analysis. The final working
population includes patients listed from January 1, 2016
through September 30, 2017.

Description of Population

The median age was 57 (49-63) years, with a slight male pre-
ponderance (63%).With regards to ethnic distribution, 69.2%
were white, 16.1% Hispanic, and 8.8% were African Amer-
ican. Themajority of patients had only a high school education



Table 2. MELD Distribution by UNOS Regions

All Region 1 Region 2 Region 3 Region 4 Region 5

N¼8790 n¼ 341 n¼1039 n¼ 1726 n¼ 796 n¼ 1129

MELD score at transplant
<30 5985 (68.1%) 217 (63.6%) 703 (67.7%) 1278 (74%) 511 (64.2%) 536 (47.5%)
31-40 2285 (26%) 100 (29.3%) 283 (27.2%) 386 (22.4%) 229 (28.8%) 425 (37.6%)
>40 519 (5.9%) 24 (7%) 53 (5.1%) 62 (3.6%) 56 (7%) 168 (14.9%)
Median score (IQR) 25 (17-33) 26 (16-35) 24 (16-33) 23 (17-31) 26 (17-34) 32 (20-38)

Time on waiting list (days)
Transplanted; median (IQR) 39 (9-152) 74 (13-233) 36 (8-165) 30.5 (8-112) 37 (8-171) 27 (6-121)
All patients; median (IQR)* 129 (33-273) 179.5 (68-344) 141 (33-275.5) 85 (18-215) 154.5 (38-294) 141 (36-320)
Death on waiting list* 1091 (5.4%) 69 (7%) 166 (6.5%) 101 (3.5%) 105 (4.7%) 210 (6.6%)

6 7 8 9 10 11
n¼247 n¼677 n¼ 537 n¼ 344 n¼ 931 n¼ 1022

MELD score at transplant
< 30 167 (67.6%) 435 (64.3%) 410 (76.4%) 202 (58.7%) 717 (77%) 809 (79.2%)
31-40 70 (28.3%) 195 (28.8%) 117 (21.8%) 110 (32%) 189 (20.3%) 181 (17.7%)
> 40 10 (4%) 47 (6.9%) 10 (1.9%) 32 (9.3%) 25 (2.7%) 32 (3.1%)
Median (IQR) 25 (14-33) 26 (17-34) 23 (15-30) 27 (16-35) 23 (17-30) 23 (16-29)
Time on waiting list (days)
Transplanted; median (IQR) 89 (16-245.5) 48 (10-197) 62 (15-201) 34.5 (8-166.5) 40 (10-127.5) 41 (12-136)
All patients; median (IQR)* 169 (53.5-296) 147 (37-283) 154 (51-295) 172 (58.5-339.5) 102 (28-225) 93 (26-210)
Death on waiting list* 18 (3%) 96 (5.7%) 75 (5.7%) 94 (8.1%) 66 (3.7%) 91 (5%)

IQR, interquartile range; MELD, Model for End-stage Liver Disease.
*Data on these rows reflects both transplanted and nontransplanted patients.
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(38.7%), while 23% had attended college/technical school,
17.3% had an Associate/Bachelor’s degree, and 6.9% had a
post college graduate degree. During the study period, 43.5%
of patients on the waiting list were transplanted. The median
timeon thewaiting list was 129 (32-273) days, while theMELD
at time of transplant at 25 (17-33) (Table 1).

Regional Disparity

The distribution of MELD scores at time of transplant in
the different regions is presented in Table 2. Regions 2,
3, 8, 10 and 11 had median MELD scores lower than 25.
The death rate on the waiting list was significantly lower
in regions 3, 6, and 10. Further analysis was performed
using the low MELD and high MELD regional groupings
(Table 3, Fig 1). With regards to race/ethnicity, the low
MELD regions had a significantly larger white population
(77.4% vs 60.4%), and a lower Hispanic population (8.1%
vs 24.5%, P< .001). There were also more Associate/
Bachelor’s degree holders in the low MELD group (19%
vs 15.7%, P< .001). Patients with HCC awarded tumor
points (9.4% vs 10.9%, P< .001), and other non-HCC
exceptions (19.8% vs 23.7%, P< .001) were more com-
mon in the high MELD population. While there was no
difference in the incidence of multiple listing in either
group, patients with a diagnosis of HCC in the high
MELD population were more likely to be listed at mul-
tiple transplant centers (12.1% vs 15%, P¼ .046).

Regional Outcome Disparity

Overall, fewer candidates were removed from the waiting
list in the low MELD group (14.6% vs 19.4%, P< .001).
There were also fewer patients requiring ventilator or organ
support at the time of listing (3% vs 4.7%, P< .001). Wait-
list mortality (4.8% vs 6%, P< .001) and dropout due to
progression of HCC (4.7% vs 8.3%, P< .001) were signifi-
cantly lower in the low MELD regions (Table 4).
Conversely, the proportion of patients transplanted in the
low MELD group was significantly higher than in the high
MELD group (50.8% vs 35.9%, P< .001). The median
MELD at transplant in non-HCC patients was lower in the
low MELD group (25 [19e32] vs 30 [22e36], P< .001). In
addition, the median donor risk index was significantly lower
in the low MELD group (2.1 [1.8-2.6] vs 2.2 [1.8-2.7],
P< .001). More organs were transplanted locally in the
low MELD regions (62.3% vs 60%, P< .001), with a cor-
responding reduction in the reported cold ischemia times
(5.5 [4.3-6.8] vs 6.1 [4.9-7.8] hours, P< .001). The crude
mortality post-transplant was higher in the low MELD
regions (6.9% vs 5.8%, P¼ .03).
Multiple Listing Disparity

During the study period, 2302 patients (11.4%) were
listed at multiple institutions. Their demographic details
are presented in Table 5. When compared to single-
center listing patients, these patients were typically
younger (56 [46-62] vs 58 [49-63] years old, P< .001),
and had higher educational achievements (Associate/
Bachelor’s degree and post college graduate degrees).
There were fewer multiply listed patients with HCC
exception points than the single-center listed patients
(13.5% vs 22.8%, P< .001). On the other hand, patients
with non-HCC exceptions were significantly higher in the



Table 3. Demographic Distribution in MELD Regions

Demographic

Low MELD Regions* High MELD Regions*

PN¼ 10353 N¼ 9837

Age, y; median (IQR) 57 (49-63) 57 (49-63) .208
Male sex, % 6561 (63.4) 6161 (62.6) .275
Ethnicity

White 8018 (77.4%) 5944 (60.4%) < .001
African American 1177 (11.4%) 604 (6.1%)
Hispanic 843 (8.1%) 2408 (24.5%)
Asian 219 (2.1%) 635 (6.5%)
Native American 43 (0.4%) 148 (1.5%)
Native Hawaiian/

Pacific
Islander

3 (0%) 30 (0.3%)

Multiracial 50 (0.5%) 68 (0.7%)
Education

None 25 (0.2%) 55 (0.6%) < .001
Grade school 490 (4.8%) 837 (8.5%)
High school 4071 (39.6%) 3737 (38.2%)
Attended college/

technical
School

2259 (22%) 2381 (24.3%)

Associate/
Bachelor’s
degree

1948 (19%) 1542 (15.7%)

Post college
graduate
degree

715 (7%) 678 (6.9%)

Not applicable
(< 5 y)

249 (2.4%) 263 (2.7%)

Unknown 521 (5.1%) 299 (3.1%)
Diagnosis

HCC exception
points

972 (9.4%) 1074 (10.9%) < .001

Non-HCC
exception points

2050 (19.8%) 2336 (23.7%) < .001

Multiple listing 1172 (11.3%) 1130 (11.5%) .709
HCC diagnosis 142/1172 (12.1%) 169/1130 (15%) .046

HCC, hepatocellular carcinoma; IQR, interquartile range; MELD, Model for
End-stage Liver Disease.

*Low-MELD regions: 2, 3, 8, 10, 11; high-MELD regions: 1, 4, 5-7, 9.
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multiply listed population (27.8% vs 20.9%, P< .001).
Multiply listed patients spent less time on the waiting list
(29.5 [7-99] vs 41 [9-162]) days, P< .001), though there
was no difference in the proportion of patients trans-
planted, or wait-list mortality.

Survival Analysis

A Cox proportional hazards regression analysis was per-
formed including variables differing at P< .2 from a uni-
variate analysis, and the MELD region variable to
determine the impact on patient survival. In this model,
patients transplanted in low MELD regions had a decreased
survival (hazard ratio: 1.40 [1.16-1.69]) (Table 6, Fig 2).

DISCUSSION

Despite advances in healthcare, the widening gap between
organ demand and supply remains. Organ allocation based
on wait times was associated with an unacceptable death
rate, and eventually gave rise to a continuous medical
urgency approach based initially on the Child-Turcotte-
Pugh score [19]. The introduction of the MELD score was
welcomed as an objective tool to assign deceased donor
organs to the sickest patients [20,21]; however, the logistics
of organ preservation, transport, and medical urgency
continue to be limiting factors to a seamless implementation
of the Final Rule.

The distribution system up until December 2018 followed
a local-regional-national algorithm. The local distribution
unit is the donation service area (DSA), a geographical area
administered by a single organ procurement organization
(OPO). There are currently 58 OPOs in the United States,
serving a variety of populations ranging from single large
metropolitan areas, to covering multiple states [22]. To
facilitate organ allocation, the Organ Procurement and
Transplantation Network (OPTN) system is divided into 11
regions based on historic organ sharing relationships. Organ
allocation first occurs at the DSA level, then organs not
used within the DSA are shared, first regionally and then
nationally [23]. Organ sharing was initially introduced
regionally in 2005 as Regional Share 15, and subsequently
expanded in 2013 as the Regional Share 35/National Share
15 rule. In the Regional Share 15 rule, organs were first
offered to patients with MELD scores� 15 locally and then
regionally before making the organs available to local pa-
tients with MELD scores< 15. The policy was successful in
increasing the number of transplants in patients with
MELD� 15; however, no change was observed in organ
sharing outside the DSA [24]. Recognition of the high
mortality rate in patients with MELD> 35 [25] soon gave
way to the Share 35 rule. In this rule, organs are initially
offered regionally to candidates with MELD� 35, before
local candidates with MELD> 15 but< 35 are considered.
Offers are then extended nationally to candidates with
MELD� 15, before local candidates with MELD< 15 [2].
It is important to note that the OPTN regional structure

was not optimized for organ distribution, a situation that has
resulted in persistent geographic disparity. The persistent
variance in MELD scores at the time of transplant across
the various DSAs continues to pose challenges for the
development and implementation of organ allocation pol-
icies. In 2013, Gentry [13] posited that the current regional
partitioning did not create areas with similar balance of
transplant need and allograft supply and advocated for a
broader sharing policy to reduce disparities in liver avail-
ability. The knowledge of these regional trends is not
restricted to the academic community, as patients have been
known to list in multiple centers and thus increase their
probability of transplant. In fact, patients with means spe-
cifically migrate to low MELD transplant centers to achieve
transplant [26]. Studies have shown that these patients with
higher income, and private insurance are more likely to be
transplanted away from home while less privileged patients
die on the transplant list [8,9]. Multiple modifications to the



Figure 1. Map of the United States showing the distribution of Meld for End-stage Liver Disease groups
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existing structure have been suggested [14e17], and a
number of proposals were evaluated by the OPTN. Oppo-
sition to the broader sharing policies stems from groups
voicing concerns of cost shifting [14], transfer of organs
from better-performing centers to poorer-performing cen-
ters [27] and increased cold ischemia times from greater
distances travelled [28]. It is against this background that
the following proposed frameworks were developed by the
OPTN: organ distribution (1) based on fixed distance from
the donor hospital, (2) on mathematically optimized
boundaries, and (3) on continuous distribution without
geographic boundaries [29]. A final decision by the Ad Hoc
Geography Committee was made in November 2018,
following community feedback. The Broader 2 Circle allo-
cation proposal was adopted that, amongst other things,
prioritizes liver distribution in the following groups: (1)
status 1A and 1B within 500 nautical miles; (2) MELD/
PELD at least 29 within 250 nautical miles; (3) MELD/
PELD 15-28 within 150 nm, then 250 nm, then 500 nm; and
(4) status 1A and 1B and MELD or PELD scores of at least
15 across the nation [30]. This policy change appears to
address majority of the concerns raised in this article.
Follow-up studies a few years from policy implementation
will go a long way to identify any flaws and adjust
accordingly.
This analysis of the distribution of deceased donor

livers across the country since January 2016 revealed
significant geographic and ethnic inequalities. While the
differences in the ethnic distribution of the recipients in
the different regions may be explained by the resident
population in those areas, the geographic disparities in
organ allocation require some scrutiny. Our findings,
however, remain consistent with findings from prior
studies reporting on geographic disparities [13,31].
Patients in regions 2, 3, 8, 10, and 11 had significantly
lower MELD scores at listing, and at transplant. In our
study population, patients in low MELD regions spent
less time on the waiting list, had lower HCC dropout
rate, had fewer critically ill patients at the time of listing,
and had a lower waiting list mortality. Organs in these
regions were predominantly used locally, with fewer or-
gans shared at the national level. A similar regional
pattern was investigated in the work by Croome et al [7].
In their study, Croome et al implicated transplant center
behavior for some of their findings, suggesting that
centers may use marginal organs for their lower MELD
recipients after the organ had been declined by multiple
other centers. This practice could artificially lower the
median MELD score for that center. While this practice
may explain some of our findings, the median donor risk
index for organs in the lower MELD regions was
significantly lower than the high MELD regions. Our
findings suggest that other factors other than transplant
center behavior are at play. Another factor to consider is
the size of the OPOs, and number of transplant centers
within the region. In a 2004 study, Trotter found that
small OPOs, with fewer than 100 patients on their
waiting list were more likely to have fewer patients with



Table 4. Outcomes by MELD Regions

Low MELD Regions High MELD Regions

Pn¼ 10,353 n¼ 9837

Removed from
waiting list

1507 (14.6%) 1908 (19.4%) < .001

Too sick to
transplant

552 (5.3%) 719 (7.3%) < .001

Wait-list mortality 499 (4.8%) 592 (6%) < .001
HCC drop out 312 (4.7%) 435 (8.3%) < .001

Transplanted patients 5256 (50.8%) 3534 (35.9%) < .001
MELD at listing 21 (15-28) 24 (15-32) < .001
MELD at transplant 23 (16-31) 28 (17-36) < .001
Excluding HCC

patients;
25 (19-32) 30 (22-36) < .001

Time on waiting list (d)
All listed patients 110 (27-238) 156 (42-309) < .001
Transplanted

patients
38 (9-138) 40 (8-173) .026

Excluding HCC
patients

29 (7-88) 27 (7-100) .907

Requiring ventilator
or organ support

308 (3%) 462 (4.7%) < .001

Cold ischemia time (h) 5.5 (4.3-6.8) 6.1 (4.9-7.8) < .001
Sharing practice

Local 3276 (62.3%) 2120 (60%) < .001
Regional 1735 (33%) 1146 (32.4%)
National 245 (4.7%) 268 (7.6%)

Transplant variables
Donor risk index 2.1 (1.8-2.6) 2.2 (1.8-2.7) < .001
Post-transplant

mortality
365/5256 (6.9%) 204/3534 (5.8%) .03

HCC, hepatocellular carcinoma; IQR, interquartile range; MELD, Model for
End-stage Liver Disease.

Table 5. Demographics by Listing Pattern

Demographic Details
Multiple Center

Listing (n¼ 2.302)
Single Center

Listing (n¼ 17,888)
P

value

Age, y; median (IQR) 56 (44-62) 58 (49-63) < .001
Male sex, % 1433 (62.3) 11289 (63.1) .422
Ethnicity

White 1598 (69.4%) 12364 (69.1%) .378
African American 222 (9.6%) 1559 (8.7%)
Hispanic 343 (14.9%) 2908 (16.3%)
Asian 101 (4.4%) 753 (4.2%)
Native American 19 (0.8%) 172 (1%)
Native Hawaiian/

Pacific Islander
6 (0.3%) 27 (0.2%)

Multiracial 13 (0.6%) 105 (0.6%)
Education

None 6 (0.3%) 74 (0.4%) < .001
Grade school 120 (5.2%) 1207 (6.8%)
High school 783 (34.2%) 7025 (39.5%)
Attended college/

technical school
551 (24.1%) 4089 (23%)

Associate/Bachelor’s
degree

444 (19.4%) 3046 (17.1%)

Post college graduate
degree

208 (9.1%) 1185 (6.7%)

Not applicable, < 5 y 74 (3.2%) 438 (2.5%)
Unknown 103 (4.5%) 717 (4%)

Diagnosis
HCC exception points 311 (13.5%) 4074 (22.8%) < .001
Non-HCC exception

points
640 (27.8%) 3736 (20.9%) < .001

Transplanted patients 1018 (44.2%) 7772 (43.4%) .489
Time on waiting list (d) 29.5 (7-99) 41 (9-162) < .001
Requiring ventilator or

organ support
198 (8.6%) 572 (3.2%) < .001

MELD at listing 22 (16-29) 22 (15-30) < .001
MELD at transplant 25 (16-32) 25 (17-33) .400
MELD at transplant,

excluding HCC
26 (19-33) 27 (20.5-35) < .001

Wait-list mortality 130 (5.6%) 961 (5.4%) .593

HCC, hepatocellular carcinoma; IQR, interquartile range; MELD: Model for
End-stage Liver Disease.
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severe liver disease, with resultant lower MELD trans-
plants [32].
Another interesting finding in our population was the

analysis on multiple listing. We found that patients who
were multiply listed were younger and had higher educa-
tional achievements. We hypothesized that these patients
are able to command better paying jobs with more dispos-
able income, in keeping with the previously described ste-
reotypical patient with willingness and means to travel for a
liver transplant [8,9]. There was also a higher proportion of
patients with HCC in high MELD regions that were
multiply listed. This finding in an otherwise relatively
healthy population can be explained by the interplay of
lower transplant rates and higher transplant MELD scores.
Unfortunately, the lack of zip code data made it impossible
to identify the primary center and if the transplants
occurred at a secondary center. The lower HCC dropout
rate in our analysis echoes findings in other studies. Mehta
et al reported on regional disparities involving HCC
exception patients in long (LWR), medium (MWR), and
short (SWR) wait-list regions between 2005 and 2014. They
found that patients in SWR (regions 3, 10, 11) had the least
dropout compared to MWR (regions 2, 4, 6-8) and LWR
(regions 1, 5, 9). There was also a higher percentage of
patients in the LWR (41%), and MWR (55%), compared to
the SWR (4%) receiving transplants at other centers from
their primary listing center [33].
For transplanted patients, there was no difference in

crude mortality or graft survival using Kaplan-Meier anal-
ysis. After adjusting for covariates, increasing age, MELD
score at transplant, donor risk index, hospital length of stay,
and transplant in a low MELD region were found to be
associated with lower graft survival. Age and recipient
MELD have been previously documented to be associated
with survival [34,35]. While the other variables are intui-
tively explained, it remains unclear as to why patients in low
MELD regions will have a poorer adjusted outcome.
The study had several limitations, chiefly the retrospective

database nature.Anumber of patients with questionable data



Table 6. Multivariable Cox Regression Analysis for Patient
Survival Post-transplant

Factor n HR (95% CI) P

Age 1.02 (1.01, 1.02) < .001
MELD region

Low MELD 5046 1.40 (1.16, 1.69) < .001
High MELD 3333 1

MELD score at transplant 1.02 (1.01, 1.03) < .001
Donor risk index 1.42 (1.24, 1.62) < .001
Hospital length of stay post-

transplant
1.01 (1.00, 1.01) < .001

Ventilator/Other life support
at time of transplant

No 7939 1 < .001
Yes 440 1.75 (1.32, 2.34)

Transplant year
2016 4038 0.77 (0.64, 0.94) .011
2017 4341 1

Non-HCC exclusion
indication

No 7043 1 .035
Yes 1336 1.32 (1.02, 1.70)

Nonsignificant variables in model: ethnicity, educational status, HCC exclu-
sion indication, time on waiting list.
HCC, hepatocellular carcinoma; HR, hazard ratio; MELD, Model for End-stage

Liver Disease.
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e.g. negative MELD scores, MELD< 6, or> 45 were
excluded. Undoubtedly, some patients with valid data were
inadvertently excluded by this approach, including patients
Figure 2. Cox Regression analysis evaluating patient survival followi
with HCC who were listed with awarded MELD points.
However, the working dataset derived from this had fewer
missing variables, and thus better-quality results. Secondly,
specifically identified patients with MELD exception points
from HCC, as this is the most common indication for excep-
tion. The remaining heterogeneous population of patients
make up a relatively small proportion and listing each indi-
vidual diagnosis in this analysis would make the results diffi-
cult to interpret. In addition, various patient comorbidities
are not reflected in the MELD score but may contribute to
patient outcomes. These factors are not captured in the
database, and not accounted for. We were unable to obtain
patient zip code information fromUNOS, as this variable has
been determined to be protected health information. In lieu
of this metric (typically used in estimating median household
income), we explored the highest academic achievement
variable because studies have demonstrated strong links
between higher education and higher lifetime earnings [36].
Lastly, the disparities reported in this paper only explore
regional differences, which are not representative of the true
situation, as it is common knowledge that inequalities exist
even at the level of the transplant centers, and the DSA [7].
In conclusion, the deceased donor liver allocation sys-

tem remains a work in progress. It is anticipated that the
revised policy will minimize dropout and deaths from the
waiting list. Studies into the post-transplant care of re-
cipients are also warranted to prevent avoidable
morbidity.
ng liver transplant in the Meld for End-stage Liver Disease regions
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