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Abstract

Background—We sought to compare liver transplant waiting list access by demographics and 

geography relative to the pool of potential liver transplant candidates across the United States 

using a novel metric of access to care, termed a liver wait-listing ratio (LWR).

Methods—We calculated LWRs from national liver transplant registration data and liver 

mortality data from the Scientific Registry of Transplant Recipients and the National Center for 

Healthcare Statistics from 1999 to 2006 to identify variation by diagnosis, demographics, 

geography, and era.

Results—Among patients with ALF and CLF, African Americans had significantly lower access 

to the waiting list compared with whites (acute: 0.201 versus 0.280; pre-MELD 0.201 versus 

0.290; MELD era: 0.201 versus 0.274; all, P<0.0001) (chronic: 0.084 versus 0.163; pre-MELD 

0.085 versus 0.179; MELD 0.084 versus 0.154; all, P<0.0001). Hispanics and whites had similar 

LWR in both eras (both P >0.05). In the MELD era, female subjects had greater access to the 

waiting list compared with male subjects (acute: 0.428 versus 0.154; chronic: 0.158 versus 0.140; 
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all, P<0.0001). LWRs varied by three-fold by state (pre-MELD acute: 0.122–0.418, chronic: 

0.092–0.247; MELD acute: 0.121–0.428, chronic: 0.092–0.243).

Conclusions—The marked inequity in early access to liver transplantation underscores the need 

for local and national policy initiatives to affect this disparity.
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Receipt of a liver transplant requires referral to a transplant center, evaluation of suitability 

for transplantation, registration on the liver transplant waiting list, and survival until 

allocated a suitable donor liver. For several years, the U.S. liver transplant waiting list has 

remained stable. Approximately 13,000 to 15,000 candidates are wait-listed at any given 

time, and approximately 6,000 patients receive a liver transplant and 2,000 patients die 

waiting (1). However, this view of transplant access is limited because many patients are 

never wait-listed.

An important goal in achieving equity in the care of patients with liver disease is assuring 

fair access to the liver transplant waiting list. Becoming a wait-listed liver transplant 

candidate is a critical step in the transplant process but is not well studied (2–4), primarily 

related to a lack of comprehensive national data on patients with CLF in the United States. 

(5, 6). African Americans were significantly less likely to be referred for liver 

transplantation, despite having similar disease burden as their white counterparts in the U.S. 

Veterans Administration medical system (7). State-based data demonstrate racial and sex-

based inequities in transplant evaluation and wait-listing rates (8). The lack of consistent 

referral, evaluation, and listing practices undermines the ethical obligations of the transplant 

community and may withhold care from those who could derive benefit from liver 

transplantation.

We aimed to determine the extent of demographic and geographic variation in access to the 

liver transplant waiting list using national data. Comprehensive data are not available on all 

transplant-eligible patients to calculate absolute waiting list registration rates. We created an 

empirical measure of relative waiting list access termed the liver wait-listing ratio (LWR). 

This metric captures the rate of wait-listing for a given group relative to those potentially 

eligible for transplant, namely, those who died from liver disease and those who were listed, 

less those already transplanted. Intuitively, transplant providers understand that not all 

patients who die from liver disease are transplant-eligible. We set the “transplant-eligible” 

denominator on liver disease mortality because U.S. decedent data are comprehensive, 

available, epidemiologically explicable, and is applied in a variety of public health and 

policy contexts. The actual ratios are not as pertinent as their relative differences for 

comparison purposes, and we present this analysis to better understand disparities in the 

liver transplant process.
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RESULTS

Liver waiting list activity and liver disease mortality are displayed in Table 1. Across the 

entire cohort, LWR were 1.7-fold higher for patients with ALF than for those with CLF 

(0.261 versus 0.152, respectively). For ALF, waiting list registrations declined by 19.8% 

from 1999 to 2006, although there was a 10% decrease in ALF deaths. Deaths after waiting 

list registration also remained relatively stable. The LWR for ALF remained relatively 

constant, ranging from 0.247 to 0.265, with overlap of confidence intervals across years and 

eras (pre-MELD 0.262 versus MELD 0.260, P=0.74). For CLF, waiting list registrations 

increased by 6.5% from 1999 to 2006, whereas the number of deaths attributed to CLF 

increased by 24.2%. The number of waiting list and posttransplant deaths also grew by 

43.6%. The LWR for CLF remained relatively stable from 1999 to 2001 but was much 

lower beginning in 2002 and in subsequent years. The LWR was 12% higher in the pre-

MELD era versus the MELD era among CLF patients (0.165 versus 0.146, P<0.0001).

Liver wait-listing ratio for ALF varied by sex and by race/ethnicity (Fig. 1). Female subjects 

had a nearly threefold higher LWR compared with male subjects, and the magnitude of this 

difference remained relatively constant by era (both eras, P<0.0001). We observed a 25% to 

30% lower LWR for African Americans with ALF compared with whites, and this 

difference did not change with time (both eras, P<0.0001). Asians had 36% higher LWR in 

the MELD era versus the pre-MELD era (0.260 versus 0.191, P=0.02). This trend was also 

noted among Native American/Other patients (0.118 versus 0.290, P=0.02).

Figure 1 also demonstrates demographic differences in LWR for patients with CLF. 

Compared with male subjects, female subjects had a 20% higher LWR in the pre-MELD era 

(P<0.0001). This difference declined to 11% in the MELD era but remained significant 

(P<0.0001). African Americans were wait-listed half as often as whites across eras (both, 

P<0.0001). Hispanics and whites had similar LWRs, but Asians had a 50% higher LWR in 

both eras (both eras, P<0.0001) compared with whites. Native American/Others had the 

lowest LWR among those with CLF (pre-MELD era: 0.056; MELD era: 0.065).

Age-based variation in liver wait-listing rates in both the pre-MELD and MELD eras was 

extensive (Fig. 2). For ALF, younger patients (18–39 years) had 2.4- to 3.3- fold higher 

LWR when compared with those aged 40 to 49 years and 50 to 59 years in the pre-MELD 

era (both, P<0.0001). For CLF, the degree of age-based variation was much less pronounced 

but still significant in the pre-MELD era. In the MELD era, younger adults had significantly 

higher LWR than all other age groups (0.191). Notably, patients aged 60 to 69 years had the 

lowest LWR (pre-MELD era: 0.101; MELD era: 0.105), regardless of era and category of 

liver disease.

Geographic differences in LWR by state were notable for individuals with ALF and CLF 

(Figs. 3 and 4). The distribution of LWR by state varied widely. For ALF (Fig. 3), states 

with the lowest LWR quartile were mostly in the Pacific Northwest and the southern United 

States. High-access states included California, portions of the Midwestern United States, and 

parts of the mid-Atlantic area and New England. For CLF (Fig. 4), there was more 

geographic dispersion of the states comprising the lowest LWR quartile. Utah, Iowa, 
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Wisconsin, Illinois, Pennsylvania, New York, and New Jersey were in the highest LWR 

quartiles for both acute and chronic liver disease.

DISCUSSION

It is difficult to evaluate and study access to the liver transplant waiting list. Without a more 

sophisticated data source that holds longitudinal records on patients with cirrhosis and 

maintains linkages to national transplant data, the transplant community must rely on proxy 

measures to estimate liver wait-listing rates. We created an empirically derived measure of 

access to care; the ratio of waiting list registrations to those who are potentially transplant 

eligible, that is, those who died from liver diseases in a given period or who were put on the 

waiting list. This metric is understandable and generalizable and readily allows 

epidemiological analysis. Although there are inherent limitations to our method, we have 

demonstrated variation in access to the liver waiting list by age, sex, race/ethnicity, acuity of 

liver failure, and era. These differences may be related to a variety of factors but underscore 

an important issue in liver transplantation: access to the liver transplant waiting list is 

wrought with demographic and geographic inequity, and this has not appreciably changed 

with the adoption of MELD-based organ allocation policies.

We observed a significant degree of variation in wait-listing rates based on demographic 

characteristics. Younger patients had significantly higher LWRs compared with middle-aged 

and older adults for ALF, but this difference was much smaller in CLF. This observation is 

likely related to how providers make decisions regarding transplant candidacy. Our findings 

likely reflect selective referral of younger patients for transplant (9, 10). Poorer outcomes 

are described in patients older than 40 in fulminant hepatic failure (11), and data from the 

U.S. ALF Study Group demonstrate lower transplant rates among the elderly for non–

acetaminophen-related failure (10). In CLF in the MELD era, wait-listing rates were 

significantly higher for younger patients compared with the pre-MELD era. The reasons for 

this are unclear, but it may reflect a change in medical decision making as a result of the 

introduction of MELD-based allocation rules. With regard to sex-based differences, a nearly 

three-fold higher female LWR (versus males) in both eras was observed for ALF and may 

be related to greater female predisposition to developing ALF when exposed to a noxious 

stimulus or sex differences in the phenotype of ALF (9, 10).

We also observed sex-based differences in wait-listing rates in the CLF population, with 

some attenuation in this difference from the pre-MELD to the MELD era, which could be 

linked to the utilization of MELD in U.S. liver allocation. For a given patient with CLF, the 

MELD score provides clinicians with a reasonable estimate of expected mortality over the 

next 3 months. This knowledge likely affects clinician behavior regarding waiting list 

registration, based on the clinical context and organ availability. The differences observed in 

our study may be related to differences in the type of liver disease and disease progression 

between sexes. These findings could also be related to differential access to health 

insurance. Adult female subjects make up more than 60% of Medicaid enrollees (12), which 

likely facilitates access to specialty liver disease care. Delays in referring male subjects to 

transplant centers or termination of the evaluation process at the transplant center for 

medical, surgical, or psychosocial reasons could account for a proportion of the differences 
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observed. These findings are interestingly contrary to the sex-based differences present at 

the next step in the transplant process—receipt of a liver transplant from the waiting list. We 

have previously shown that wait-listed female subjects have lower transplant rates compared 

with male subjects (13, 14), even after accounting for differences in MELD scores and place 

of residence (15).

The persistent disparities from the pre-MELD to the MELD era underscore several points 

about access to the liver waiting list. Organ allocation system is based on MELD points and 

may affect a center’s behavior in listing someone based on their local environment. From the 

patient perspective, access to the waiting list likely has more to do with the potential 

personal resources, access to timely high-quality care, and ability to navigate through the 

liver transplant process. Centers decide to list a patient for transplant based on a nuanced 

medical, surgical, and psychosocial evaluation and not on MELD points alone. The 

allocation system plays a greater role in what happens to liver transplant candidates who are 

already on the list, and disparities exist in that phase of the process (16).

However, access to the waiting list is clearly related to where patients get their transplant 

care and may be at the root of the geographic patterns observed in this study. Transplant 

center wait-listing behavior is subject to multiple factors, including demand for transplant in 

the geographic area, competition with other local/regional centers, regulatory pressures on 

outcomes, practice patterns, and local organ availability (14, 17, 18). Liver disease mortality 

varies substantially across the United States as well (19), and there is some suggestion that 

transplant services and providers are poorly distributed relative to locations of need (1, 20). 

Furthermore, Bryce and colleagues have identified variation in access to transplant services 

within a fixed geographic area (8); given epidemiological and demographic differences in 

the U.S. population, differences in access between geographic areas are expected but are 

subject to many factors (21). Geographic variation in the accessibility of liver transplant care 

should be a clear policy priority and merits larger study on its own.

The racial disparity in LWR between African Americans and whites is consistent with 

broader patterns in liver disease. Several studies have shown that African Americans are 

disadvantaged compared with whites in earlier steps in the transplant process, including a 

worse response to hepatitis C therapy, inequitable treatment of cirrhosis complications, and 

lower rates of referral to transplant programs (2–4, 7, 22). In our study, for both acute and 

chronic liver disease, African Americans had significantly lower LWRs compared with 

whites in each era, by at least 25%. This may be related to several factors, including 

differential rates of referral to liver transplant programs, racial/ethnic differences in disease 

progression, delays in diagnosis, differences in the quality of hospitals and outpatient care 

offered to African American patients, patient preferences, mistrust of transplant providers, 

socioeconomic differences, or even provider bias (23–27). However, once African American 

patients are listed, recent data suggest that they have similar liver transplant rates as white 

candidates (16). This suggests that the critical step in alleviating racial/ethnic disparities in 

liver disease is to identify strategies that improve access to transplant centers and expedite 

waiting list registration for appropriate patients.
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There are several limitations to our analysis. The inherent challenge in this analysis is 

estimating the true prevalent burden of patients living with liver disease. Our relative wait-

listing ratio relies on a denominator derived from liver disease mortality records. Errors in 

the recording of causes of death have been reported, which may affect our results, 

particularly if error rates vary by any of the characteristics of interest (28–30). Specifically, 

ambiguity in administrative coding of ICD-9 and ICD-10 diagnoses for causes of death 

make it difficult in many cases to distinguish between deaths from chronic liver disease, 

acute liver failure, or the commonly used phrase of “acute-on-chronic” liver failure. This 

could skew results, but assumptions regarding the chronicity of liver failure are a necessary 

evil in this observational approach. Furthermore, the LWR we have provided is based on 

raw data, and we could not identify those who were evaluated by a transplant center and 

deemed ineligible for listing. It is unlikely that all of the never-wait-listed decedents in the 

denominator were ever truly “transplant eligible.” It is also possible that the number who 

would never have been eligible varies by patient demographics or geography. Such variation 

could bias the comparisons being made to some extent, but there is no better data available 

in the United States currently to answer this question.

Our study is novel in that it provides the transplant community and policy makers with a 

more comprehensive understanding of variation in access to an early step in the liver 

transplant process. Better data are needed. Considerable resources have been devoted to 

ensuring equitable access to liver transplantation among wait-listed candidates in the 

development of U.S. deceased donor organ allocation policies. A clinical registry or broad-

based sampling study of patients with chronic liver disease would help to inform clinical 

decision making at one step earlier in the process and create a foundation for observational 

studies. Furthermore, data linkage with the SRTR would help create targeted policy 

interventions to improve access to liver transplantation. In large measure, this would parallel 

currently available census-level end-stage renal disease data from the Centers for Medicare 

and Medicaid Services, which can be linked to kidney transplant waiting list and transplant 

data. An additional area of future study that would contribute immensely to this area would 

be to determine what health-care structural factors affect rates of transplant center referral, 

including characteristics of referring providers and transplant centers, as well as the local 

insurance environment. Further efforts should also focus on interventions designed to reduce 

modifiable demographic and geographic variations in access to the liver transplant waiting 

list, as well as the creation of better sources of data to study this key step in the liver 

transplant process.

MATERIALS AND METHODS

The study database was created using data from the Scientific Registry of Transplant 

Recipients (SRTR) and the National Center for Healthcare Statistics (NCHS). All patient-

level transplant candidate and recipient data are submitted by transplant centers via the 

Organ Procurement and Transplantation Network (OPTN) to the SRTR. The SRTR data are 

supplemented by additional data sources, including the Social Security Death Master File for 

candidate and recipient mortality (31, 32). Adult waiting list and post-transplant data from 

1999 to 2006 were obtained from the SRTR, including waiting list registration, waiting list 

mortality, and posttransplant mortality, for patients with acute and chronic liver failure. 
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Patients younger than 18 years and older than 69 years were excluded. Acute liver failure 

was defined as wait-listing as Status 1 at registration. These data were categorized by age, 

sex, race/ethnicity, and state of candidate residence.

National data on adult deaths attributable to liver disease were obtained from the NCHS 

using ICD-9 and ICD-10 codes. Deaths occurring at ages younger than 18 and older than 69 

were excluded. Deaths identified in the NCHS data were classified as either from acute or 

chronic liver disease based on review of liver-related ICD-10 diagnoses recorded as primary 

or secondary causes of death (Table 1). Categorization as ALF or CLF was based on the 

primary or the first secondary liver code cause of death in NCHS. For ALF, we excluded 

those deaths due to alcoholism (about 800 deaths per year) or cancer. For CLF, we excluded 

nonliver cancer deaths. From 1999 to 2006, 423,534 patients in the United States died from 

liver disease, and the classification of diagnosis codes for ALF and CLF (Table S1, SDC, 
http://links.lww.com/TP/A930).

Our analytic approach was based on the assumption that the liver disease incidence, wait-

listing, transplantation, and liver-related deaths were approximately in a steady state in the 

study. Since 1999, the annual number of new registrants, transplants, and waiting list deaths 

has been fairly consistent (1). For a given year, a liver wait-listing ratio (LWR) was 

calculated using the formula LWR=(SRTR waiting list registrations)/[(SRTR waiting list 

registrations +NCHS liver disease deaths)–(SRTR waiting list deaths+SRTR posttransplant 

deaths)]. LWR represented the wait-listing ratio over each ascribed time interval. This 

stochastic model postulates that new end-stage liver disease cases enter the population 

according to a Poisson process with a constant rate; a proportion p of these are wait-listed 

for transplant and a portion 1-p go on to death without wait-listing. We estimated the 

binomial proportion p with LWR for the given year and subgroup. Wald-type confidence 

intervals were calculated based on standard errors arising from the Poisson assumptions but 

were essentially those of the binomial SD=LWR(1-LWR)/N, where N was the number of 

liver deaths observed in the year.

Subsequent comparisons were based on demographic characteristics, era, diagnosis 

category, and geography. Demographic characteristics included age, sex, and race/ethnicity. 

Era effects were measured by calculating LWR by year, overall, and by allocation rule 

initiation. The pre-MELD era was defined as 1999–2001 and the MELD era as 2002–2006. 

Geographic variation was measured based on differences in LWR by state but could not be 

measured at the donor service area (DSA)-level because of the lack of granular data on the 

location of death.

This study was approved by the SRTR Project Officer at the U.S. Health Resources and 

Services Administration (HRSA). HRSA has determined that this study satisfies the criteria 

for the IRB exemption described in the “Public Benefit and Service Program” provisions of 

45 CFR 46.101(b) (5) and HRSA Circular 03. All statistical analyses were performed using 

SAS v9.2 (SAS Institute, Cary, NC). Statistical significance was defined as P<0.05.
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FIGURE 1. 
Racial/ethnic and sex-based variation in liver wait-listing ratios for acute and chronic liver 

failure, 1999–2006. For acute liver failure, there were vast differences between female and 

male subjects in LWRs but not much change by era. Female subjects had nearly three-fold 

higher LWRs compared with male subjects. By race/ethnicity, we observed a significant 

disparity for African Americans that did not improve by era and was 25% to 30% lower than 

for whites. Hispanics had similar LWRs to whites in both eras. Asians had significantly 

higher wait-listing rates in the latter part of the cohort, as did Native American/Other race 

patients. For chronic liver failure, a sex-based disparity was noted but with much smaller 

magnitude than observed with acute liver failure. The LWRs for both sexes declined 

significantly in the MELD era. With regards to race/ethnicity, African Americans had two-

fold lower LWRs compared with whites, which did not improve in the latter part of the 

cohort. Asians had significantly higher LWRs for chronic liver disease than whites in both 

eras, and the LWRs for Native/Others were the lowest of the cohort. Hispanic patients 

retained similar LWRs as whites in both eras, but both observed some decline as time went 

on.
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FIGURE 2. 
Age-based variation in liver wait-listing ratios by era, 1999–2006. Age-based variation in 

wait-listing rates in the pre-MELD and MELD eras was evident. For acute liver failure, 

young patients had two- to three-fold higher wait-listing rates than middle-aged adults, and 

patients older than 60 had the lowest LWRs, independent of diagnosis. For chronic liver 

disease, the degree of age-based variation was more compressed, but younger adults again 

had the highest wait-listing rates.
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FIGURE 3. 
Geographic variation in liver wait-listing ratios for acute liver failure, 1999–2006. For 

patients with acute liver failure, access to the liver transplant waiting list was geographically 

variable across the United States. Low access states were concentrated in the Pacific 

Northwest, and in the South. High access states included California, several areas of the 

Midwest, and the middle Atlantic states.
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FIGURE 4. 
Geographic variation in wait-listing ratios for chronic liver disease, 1999–2006. For chronic 

liver disease patients, the middle two LWR quartiles (medium) were widely dispersed. High 

access areas were in the Midwest and the middle Atlantic. Low access states were also fairly 

dispersed geographically.
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TABLE 1

Waiting list registrations, deaths from liver disease, and liver wait-listing ratios for acute liver failure and 

chronic liver disease by year, 1999–2006

Year Waiting list NCHS deaths Waiting list + posttransplant deaths LWR (95% CI)

All acute 3263 10,602 1358 0.261 (0.253–0.269)

1999 450 1406 160 0.265 (0.244–0.286)

2000 406 1374 167 0.252 (0.231,0.273)

2001 443 1357 160 0.270 (0.249–0.292)

2002 392 1368 179 0.248 (0.227–0.269)

2003 376 1275 168 0.254 (0.231–0.276)

2004 392 1226 177 0.272 (0.249–0.295)

2005 443 1331 185 0.279 (0.257–0.301)

2006 361 1265 162 0.247 (0.225–0.269)

All chronic 68,982 412,932 29,351 0.152 (0.151–0.153)

1999 8462 45,662 2920 0.165 (0.162–0.168)

2000 8770 47,133 3135 0.166 (0.163–0.169)

2001 8885 48,772 3550 0.164 (0.161–0.167)

2002 7764 51,613 3711 0.139 (0.137–0.142)

2003 8355 53,489 3774 0.144 (0.141–0.147)

2004 8885 53,741 3981 0.152 (0.149–0.154)

2005 8852 55,797 4087 0.146 (0.143–0.149)

2006 9009 56,725 4193 0.146 (0.144–0.149)
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