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Abstract

Introduction—Accurate assessment of the impact of donor quality on liver transplant (LT) costs 

has been limited by the lack of a large, multicenter study of detailed clinical and economic data.

Methods—A novel, retrospective database linking information from the University 

HealthSystem Consortium and the OPTN registry was analyzed using multivariate regression to 

determine the relationship between donor quality (assessed through the Donor Risk Index (DRI)), 

recipient illness severity, and total inpatient costs (transplant and all readmissions) for 1 year 

following LT.

Results—Cost data were available for 9,059 LT recipients. Increasing MELD score, higher DRI, 

simultaneous liver kidney transplant, female gender and prior liver transplant were associated with 

increasing cost of LT (P<0.05). MELD and DRI interact to synergistically increase the cost of LT 

(P<0.05). Donors in the highest DRI quartile added close to $12,000 to the cost of transplantation 

and nearly $22,000 to post-transplant costs in comparison to the lowest risk donors. Among the 

individual components of the DRI, donation after cardiac death (increased $20,769 vs. brain dead 

donors) had the greatest impact on transplant costs. Overall one year costs were increased in older 

donors, minority donors, nationally shared organs, and those with cold ischemic times 7–13 hours 

(p<0.05 for all)
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Conclusion—Donor quality, as measured by the DRI, is an independent predictor of LT costs in 

the perioperative and post-operative periods. Centers in highly competitive regions who transplant 

higher MELD patients with high DRI livers may be particularly affected by the synergistic impact 

of these factors.
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INTRODUCTION

Prior financial analyses of liver transplant (LT) practice have largely emphasized the 

relationship between recipient severity of illness and the cost of care. (1–4). It is well 

established that patients with advanced liver disease are significantly more expensive to 

transplant than patients with well compensated cirrhosis or hepatocellular carcinoma. This 

economic reality is particularly significant in light of the shift in allocation policy to utilize 

the Model for End-Stage Liver Disease (MELD) score that gives priorities to candidates 

with the highest waiting list mortality (5, 6). Although the MELD allocation system has 

reduced waiting list mortality, it has increased the complexity of patients undergoing LT and 

placed significant financial strain on transplant centers (7, 8).

To address the ongoing liver allograft shortage, transplant centers increasingly utilize organs 

from donors with characteristics that increase the risk of allograft failure. In their landmark 

publication, Feng et al. described a continuous, objective measure of organ quality based 

upon donor characteristics available at the time of the organ offer (9). The resulting Donor 

Risk Index (DRI) predicts the likelihood of graft failure at 3 months post transplant. 

Recently, an elegant study by Schaubel et al. has demonstrated the effect of MELD and DRI 

interaction on patient survival (21). This report strongly suggests that marginal livers are 

best utilized in the highest MELD patients as this is associated with the greatest transplant 

benefit. The economic impact of this practice is not defined.

In previous studies, we have investigated the relationship of the DRI and MELD on 

transplant costs using hospital length of stay as a marker of cost within national registry data 

which demonstrated an association between high DRI organs and transplant related length of 

stay (10). In contrast, a recent two-center study showed a potent and consistent effect of 

recipient MELD score on liver transplant costs across institutions while impact of DRI was 

minimal (11). There have also been conflicting reports about the impact of DRI on post-

transplant costs, despite the evidence from the recent studies that demonstrate the long-term 

costs associated with the use of organs from donors after cardiac death (DCD) (12).

In the setting of fixed reimbursements, transplant centers face conflicting economic and 

clinical pressures (13). Outcomes data suggest that high DRI organs are best used in high 

MELD patients. However, this practice may result in a significantly higher cost of care 

within the global period covered under most transplant contracts. Therefore, understanding 

the economic impact of donor and recipient factors is critical for assessing the impact of 

clinical decision-making on transplant centers’ financial viability. This study seeks to 
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provide a thorough description of the association of severity of illness and donor quality 

with transplant center cost.

METHODS

Protocol, design, data sources and inclusion criteria

This project was approved by the University of Washington and the Saint Louis University 

Institutional Review Boards. A retrospective cohort study was initially conducted including 

data from all LT recipients transplanted between October 1, 2004 and December 31, 2007. 

Clinical data were drawn from the Organ Procurement and Transplantation Network 

(OPTN) research files. These data were then linked to cost and clinical data from the 

University HealthSystem Consortium (UHC).

The UHC is an alliance of 107 academic medical centers and 234 of their affiliated hospitals 

representing approximately 90% of the nation’s non-profit academic medical centers. 

UHC’s database utilizes self-reported hospital charge data adjusted to costs using the 

hospital specific cost-to-charge ratio at the line-item level for more than 170 UHC members 

and affiliate hospitals. The database allows for comparison of clinical and economic 

performance of member hospitals as well as within-hospital comparisons. The information is 

based primarily on data submitted from the UB-04 billing forms which includes patient 

demographics, ICD-9 diagnostic codes as well as assignment into Medicare severity 

diagnosis-related groups (DRGs). Costs were derived from reports to UHC at the individual 

charge level and adjusted to costs using the institution specific cost-to-charge ratio obtained 

from the department-level Medicare cost reports. These costs account for wage variation 

using the federally reported area wage indexes (AWI).

The linkage between OPTN data and UHC data was completed using date of transplant, date 

of birth, transplant center and recipient’s gender. Duplicate matches were verified by 

residential zip codes. All direct identifiers were removed before the final dataset was 

available for analysis. For the present study, inclusion was restricted to adult patients (≥ 18 

years of age) who received a liver or liver-kidney transplant for chronic liver disease and 

who had the transplant performed in a hospital affiliated with the UHC. In the case of re-

transplantation within the time period of the study, these costs were attributed to the 1 year 

post transplant costs of the initial transplant. The matched cases (n= 9,861) represent 49% of 

all 20,141 liver transplant procedures performed in the United States during this period. 

Donor and recipient demographic characteristics of this population were very similar to the 

overall transplant cohort. The cases with missing transplant costs were excluded (n=791). 

Extreme outliers were identified after a visual inspection of the cost distribution. The cases 

were regarded as outliers if the transplant costs were less than $25,000. This reflects the 

potential mismatching of UNOS data to non-transplant admissions. These patients were 

excluded based on the assumption that the hospitalization was likely not a liver transplant 

given the low costs (n = 14), yielding an analytic sample of 9,059 patients. We did not 

exclude very high cost outliers. It is likely that these patients reflect genuine transplant 

admissions and that the high costs may be associated with the clinical practice patterns, 

recipient listing, and donor acceptance decisions.
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MELD and DRI

MELD was computed at time of transplant as previously described (14). For the patients 

who were transplanted with “tumor or exception” points, the “biologic” MELD was used for 

all calculations. Creatinine values greater than four were set equal to four. The MELD score 

was then capped at a lower limit of 6 and an upper limit of 40. For the statistical analysis 

patients were categorized according to the same categories Washburn et al. utilized: 6–14, 

15–20, 21–27, 28–40 (15). These categories were found to be similar to the MELD quartile 

cutoff points in our sample.

DRI was computed according to the formula by Feng et al. (9). We categorized DRI as: 0–

<1.2, 1.2–<1.5, 1.5–<1.8 and >1.8, dividing the sample approximately into quartiles by DRI.

Clinical outcome and covariate definitions

The primary outcome was “cost”. We have utilized direct cost within the first year post-

transplant (in 2008 US dollars). Costs were those independently generated by each patient 

for two consecutive periods: first, the initial transplant admission and second, the sum of 

post-transplant admissions within the first year post transplant. Total cost was calculated as 

the sum of transplant admission and post-transplant inpatient costs for all re-admissions 

within 1 year as reported by the UHC database. Monetary figures were totaled after 

adjustment to 2008 dollars using the overall Consumer Price Index to account for medical 

inflation (16).

Covariates for cost models were identified through bivariate analysis and included: gender, 

age, race/ethnicity, blood type, primary OPTN cause of liver failure (Hepatitis B-HBV, 

Hepatitis C-HCV, hepatocellular carcinoma-HCC, and other cause), re-transplantation, split 

grafts, deceased donor recipient, pre-transplant dialysis, MELD, and DRI or components of 

DRI (donor age, race, height, cause of death, share, cold ischemia time, asystole, and partial/

split liver).

Statistical Analysis

Patient and death-censored graft survival were determined using the Kaplan-Meier survival 

method. We performed multivariate regression analysis to determine the “cost drivers” for 

the costs of the two time periods as well as total costs. Missing data were categorized as 

“other” or “unknown” or was excluded from analysis, depending on the frequency of 

missing data for the given characteristic (as reported in Table 1). The mean value of cold 

ischemia time (7.2 hours) among non-missing cases was used in the donor risk index 

computation for cases with missing cold ischemia time. An alpha level of 0.05 was used for 

all significance tests. We examined the tolerance and variance inflation statistics of all 

variables to identify significant collinearity among the model components. UNOS region 

was included in the model as an adjustment; however, center-specific adjustment was not 

performed as this is likely to be a function of MELD and DRI which were assessed in the 

model. Differences in the cost of providing care resulting from local economic factors were 

controlled for through local area wage adjustment. All analyses were performed using SAS 

v.9.2 (SAS Institute, Cary, NC).
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RESULTS

Clinical Characteristics of the Study Cohort

During the period of the study we identified 9,059 LT recipients of the UHC database with 

an OPTN LT record between October 1, 2004 and December 31, 2007. The majority of the 

patients included in the study were male, white, had viral hepatitis and/or hepatocellular 

carcinoma. The average MELD score at transplant for this sample was 21. The 

demographics of the population included in the study are shown in Table 1. Patient and 

death-censored graft survival among the study cohort were 87% and 96%, respectively, at 

one year and 75% and 93% at 3 years. Patients in the sample experienced a median of one 

post-transplant hospitalization during the first year after the initial transplant event.

The donor population was reflective of the general US donor population (Table 2). The 

majority of the donors were male, white, under the age of 60 and/or deceased from 

cerebrovascular accident or head trauma. Over 75% of the organs were allocated locally 

with cold ischemia time averaging 7.3 hours.

Recipient characteristics related to transplant costs

Multivariate linear regression was used to assess the correlations between recipient 

characteristics and transplant cost in each period of interest. Among the characteristics 

analyzed, women, black recipient race, re-transplanted patients and liver-kidney transplant 

recipients were more expensive (Table 3). Severity of illness (MELD score) was strongly 

associated with the cost of transplant during the transplant hospitalization (P<0.001) but not 

for the subsequent post-transplant year. There was a strong relationship between the UNOS 

region in which the recipient was transplanted and costs. Regions 5, 7, 9 and 10 had 

significantly higher total costs as compared to region 1.

Donor characteristics related to transplant cost

After adjustment for recipient characteristics, decreased donor quality, as measured by DRI 

score, was strongly associated with an increase in the cost of total transplant and post-

transplant care. The cost of all types of care increased almost linearly with the DRI values 

(Figure 1, p<0.01). Thus, transplants from donors in the highest DRI quartile were 

associated with an incremental cost increase of nearly $12,000 for transplant costs and 

nearly $22,000 for post-transplant costs in comparison to those in the lowest DRI quartile.

Interaction between MELD and DRI and liver transplant costs

The impact of donor quality on cost was found to vary across severity of illness. High DRI 

increased the cost of transplant at all MELD strata (Figure 2A). However, the magnitude of 

the cost differential according to organ quality was greatest in the high MELD patients. 

(Figure 2B). Patients in the lowest MELD quartile (6–14) had a minimal rise in cost when 

receiving donors from the highest DRI group. In the highest MELD quartile (>28), there was 

a clear and significant rise in the total cost of transplant care as a function of DRI.
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DRI vs. individual donor components as drivers of transplant costs

To assess the contribution of the components of the DRI equation on cost, each variable was 

individually considered in the fully adjusted model. Among the DRI components, DCD 

donation (+ $59,000 vs. brain dead donors), Black and Hispanic race (+$15,000 & $15,000 

vs. white), nationally shared livers allografts (+$ 30,000 vs. regional) and older donors (+

$34,000 vs. donors less than 40 years) were all found to increase the total cost of post-

transplant care (Table 4).

DISCUSSION

In previous studies we described a correlation between DRI and liver transplant cost using 

hospital length of stay (10). We have also identified significant associations between 

recipient characteristics (mainly MELD) and liver transplant cost in the perioperative and 

post-transplant periods using a more granular private insurance database (17). In the current 

analysis, we demonstrated a significant impact on inpatient costs associated with the use of 

higher risk donors. We also examined the interaction of DRI and severity of illness 

throughout the period of peri-operative and posttransplant care.

To date, large scale post-transplant cost studies have been limited by the lack of a nationally 

representative, clinically detailed data source. The OPTN dataset has detailed clinical 

information related to transplantation, but does not contain cost data. Conversely, the 

database of the UHC contains information on cost data, comorbidities, and procedures and 

complications after liver transplantation, but it lacks crucial clinical and donor information 

specific to the transplant field. While not cost accounting data, the UHC utilizes hospital 

department specific cost to charge ratios to develop accurate method of assessing the 

resources utilized to provide care for patients with end stage liver disease. In this study, we 

used an innovative database created by linking these two large datasets to study transplant 

economics, resulting in enhanced statistical power and generalizability.

The analysis validated our previous finding that DRI has a significant impact on cost which 

is independent of recipient severity of illness. In the multivariate analysis, DRI remained 

statistically significant even after adjusting for other characteristics including MELD. As in 

other analyses, it appeared that MELD was significantly associated with costs at the time of 

the initial hospitalization but minimally impacts the post-transplant costs. While MELD 

controlled for most recipient characteristics, it appears that women remain more expensive. 

This may reflect the well known underestimation of the severity of liver disease in women 

using MELD which includes creatinine rather than glomerular filtration rate and, therefore, 

does not account for muscle mass (18). It is possible that under a MELD based allocation 

system, women must achieve a greater severity of illness to be allocated a deceased donor 

organ. Poor donor quality, conversely, has a smaller, but significant impact on transplant 

cost during the initial hospitalization and but has a greater impact on the first year post-

transplant costs. Among the components of the DRI, it appears that DCD livers have the 

greatest overall impact on post transplant costs, likely reflecting the importance of ischemic 

cholangiopathy as has been reported by Jay and deVera (12, 19). This analysis demonstrated 

that increasing MELD and higher DRI appear to have a synergistic impact on overall 

transplant costs. This finding is particularly important in light of clinical findings suggesting 
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that the survival benefit of high DRI organs is generally confined to the high MELD patients 

(21). Thus, transplant centers that appropriately choose to use marginal donors for patients 

with high waiting list mortality, may be significantly economically disadvantaged. As a 

result of the well established differences in the MELD score at transplant across centers and 

regions, it is possible that transplant centers will be impacted differentially by the economic 

implication of these two factors (20).

While significant survival benefit can be achieved through the appropriate use of marginal 

donors (21, 22) is important that disincentives to transplanting the sickest patients or 

utilizing marginal organs do not lead to systematic reduction in the use of these life saving 

procedures (23). Appropriate policy decisions at the national level, sound contracting 

strategies, and continuous improvement in clinical practices will be paramount to 

maintaining transplant center’s financial viability and moving the field forward (24, 25). As 

an example, the transplant reimbursements could be more tightly linked to severity of illness 

as has been implemented with the risk adjusted DRG within the Medicare system for some 

conditions. In liver transplantation, the adjustment could also include the impact of donor 

characteristics such as the DRI.

The design and utilization of the DRI has been scrutinized by the transplant community. 

Critics highlight that the index has a low receiver-operator characteristic (ROC), does not 

include all donor characteristics that are clinically relevant (such as surgeons’ assessment 

and liver’s histology), and, therefore, explains only a small proportion of the overall 

variation in transplant survival. The index may have limitation for daily decision-making, 

but may provide transplant centers with an estimate of the economic and early clinical 

implications of organ selection practices. We have demonstrated that the DRI index is more 

strongly associated with overall transplant costs than the isolated donor characteristics. 

Among the DRI factors, however, DCD donors appear to have the most profound effect on 1 

year transplant costs. This finding likely reflects a greater need for interventions and 

possibly re-transplantation among DCD liver recipients.

Our study has several limitations. First, inherent to retrospective studies is the risk that past 

outcomes may not be representative of future costs. Thus, the impact of a learning curve in 

the use of marginal organs may be incompletely presented here. It is possible that improved 

experience with marginal liver donors, can result in improving clinical practice (e.g. 

reducing ischemic times) and a further reduction in disparity in transplant costs associated 

with high DRI organs (26). Unfortunately, the persistently high rate of biliary complications 

following DCD liver transplant is likely to keep one year costs high for this class of donors 

(27). Second, true economic cost of transplant readmissions to busy academic hospital is 

likely underestimated by this analysis, due to the failure to include opportunity costs. Third, 

there is a significant discrepancy in reimbursements across different regional, state and 

institutional markets by both public and private payers. Thus, to the extent that the costs 

incurred through the use of marginal organs are compensated for by higher reimbursement, 

the overall impact of these findings on hospital finances may be mitigated. However, the 

converse is more likely. Aggressive centers using marginal organs in appropriate, high 

MELD patients must contract with national transplant networks and, therefore, are unlikely 

to shift these cost to the payers. In addition, the societal costs incurred through greater use of 

Salvalaggio et al. Page 7

Liver Transpl. Author manuscript; available in PMC 2015 May 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



high DRI organs represented here are not mitigated by increased reimbursement. Finally, the 

UHC includes cost data derived from institutional charges adjusted with department-specific 

cost–to-charge ratios for academic hospitals only. Although this activity-based costing 

metric is a surrogate measure for true provider costs, it is generally accepted to be highly 

accurate and a well-correlated metric of the total cost of care. Furthermore, although the 

majority of liver transplants occur within this type of institution, it may not be possible to 

generalize these conclusions to all liver transplant centers.

In summary, donor quality impacts the cost of liver transplantation across the spectrum of 

care. While clearly not as important as MELD in the initial transplant hospitalization, donor 

quality may, in fact, be a dominant factor in determining costs the post-transplant period. 

The impact of these findings on transplant centers will vary with local factors including the 

average MELD at transplant and the DRI of available organs. The increase in cost associated 

with the use of high DRI organs may dissuade centers from using higher risk organs, despite 

the clear survival benefit offered to patients who may end up dying on the growing liver 

transplant list.

Acknowledgments

The researchers were supported in part by an American Recovery and Reinvestment Act Grant from the National 
Institute of Diabetes Digestive and Kidney Diseases, 1RC1DK086450. This work was supported in part by Health 
Resources and Services Administration contract 234-2005-370011C. Dr. Lentine received career development 
support from an NIDDK grant, K08DK073036. The content is the responsibility of the authors alone.

Role of sponsor

The interpretation and reporting of these data are the responsibility of the authors and in no way should be seen as 
an official policy of or interpretation by the OPTN, University HealthSystem Consortium, the US Government, the 
NIDDK or the National Institutes of Health.

References

1. Evans R, Manninen D, Dong F. An economic analysis of liver transplantation: costs, insurance 
coverage, and reimbursement. Gastroenterol Clin North Am. 1993; 22(2):451–73. [PubMed: 
8509177] 

2. Bonsel G, Klompmaker I, Essink-Bot M, Habbema J, Slooff M. Cost-effectiveness analysis of the 
Dutch liver transplantation programme. Transplant Proc. 1990; 22(4):1481–4. [PubMed: 2117792] 

3. Taylor M, Greig P, Detsky A, McLeod R, Abdoh A, Krahn M. Factors Associated with the High 
Cost of Liver Transplantation in Adults. Can J Surg. 2002; 45(6):425–34. [PubMed: 12500917] 

4. Showstack J, Katz P, Lake J Jr, RB, Dudley R, Belle S, et al. Resource Utilization in Liver 
Transplantation: Effects of Patient Characteristics and Clinical Practice. JAMA. 1999; 281(15):
1381–76. [PubMed: 10217053] 

5. Freeman R. Model for End-Stage Liver Disease (MELD) for liver allocation: A 5-year score card. 
Hepatology. 2008; 47(3):1052–7. [PubMed: 18161047] 

6. Merion R, Schaubel D, Dykstra D, Freeman R, Port F, Wolfe R. The Survival Benefit of Liver 
Transplantation. Am J Transplant. 2005; 5:307–13. [PubMed: 15643990] 

7. Axelrod D, Koffron A, Baker T, Al-Saden P, Dixler I, McNatt G, et al. The economic impact of 
MELD on liver transplant centers. Am J Transplant. 2005; 5:2297–301. [PubMed: 16095512] 

8. Washburn W, Pollock B, Nichols L, Speeg K, Halff G. Impact of Recipient MELD Score on 
Resource Utilization. Am J Transplant. 2006; 6:2449–54. [PubMed: 16889598] 

Salvalaggio et al. Page 8

Liver Transpl. Author manuscript; available in PMC 2015 May 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9. Feng S, Goodrich N, Bragg-Gresham J, Dyskstra D, Punch J, DebRoy M, et al. Characteristics 
associated with liver graft failure: The concept of a Donor Risk Index. Am J Transplant. 2006; 
6:783–90. [PubMed: 16539636] 

10. Axelrod DA, Schnitzler M, Salvalaggio PR, Swindle J, Abecassis MM. The economic impact of 
the utilization of liver allografts with high donor risk index. Am J Transplant. 2007; 7(4):990–7. 
[PubMed: 17391139] 

11. Washburn WK, Meo NA, Halff GA, Roberts JP, Feng S. Factors influencing liver transplant length 
of stay at two large-volume transplant centers. Liver Transpl. 2009; 15(11):1570–8. [PubMed: 
19877222] 

12. de Vera ME, Lopez-Solis R, Dvorchik I, Campos S, Morris W, Demetris AJ, et al. Liver 
transplantation using donation after cardiac death donors: long-term follow-up from a single 
center. Am J Transplant. 2009; 9(4):773–81. [PubMed: 19344466] 

13. Abecassis M. Making dollars and sense out of liver transplantation. Liver Transpl. 2009; 15(10):
1159–61. [PubMed: 19790136] 

14. Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P, et al. Model for end-stage liver 
disease (MELD) and allocation of donor livers. Gastroenterology. 2003; 124(1):91–6. [PubMed: 
12512033] 

15. Washburn WK, Pollock BH, Nichols L, Speeg KV, Halff G. Impact of recipient MELD score on 
resource utilization. Am J Transplant. 2006; 6(10):2449–54. [PubMed: 16889598] 

16. Gold, M.; Siegal, J.; LB, R.; Weinstein, M. Cost-effectiveness in health and medicine. New York: 
Oxford University Press; 1996. 

17. Buchanan P, Dzebisashvili N, Lentine KL, Axelrod DA, Schnitzler MA, Salvalaggio PR. Liver 
transplantation cost in the model for end-stage liver disease era: looking beyond the transplant 
admission. Liver Transpl. 2009; 15(10):1270–7. [PubMed: 19790155] 

18. Moylan CA, Brady CW, Johnson JL, Smith AD, Tuttle-Newhall JE, Muir AJ. Disparities in liver 
transplantation before and after introduction of the MELD score. Jama. 2008; 300(20):2371–8. 
[PubMed: 19033587] 

19. Jay CL, Lyuksemburg V, Kang R, Preczewski L, Stroupe K, Holl JL, et al. The increased costs of 
donation after cardiac death liver transplantation: caveat emptor. Ann Surg. 2010; 251(4):743–8. 
[PubMed: 20224367] 

20. Pomfret EA, Fryer JP, Sima CS, Lake JR, Merion RM. Liver and intestine transplantation in the 
United States, 1996–2005. Am J Transplant. 2007; 7(5 Pt 2):1376–89. [PubMed: 17428286] 

21. Schaubel DE, Sima CS, Goodrich NP, Feng S, Merion RM. The survival benefit of deceased donor 
liver transplantation as a function of candidate disease severity and donor quality. Am J 
Transplant. 2008; 8(2):419–25. [PubMed: 18190658] 

22. Merion RM, Goodrich NP, Feng S. How can we define expanded criteria for liver donors? J 
Hepatol. 2006; 45(4):484–8. [PubMed: 16905221] 

23. Ammori J, Pelletier S, Lynch R, Cohn J, Ads Y, Campbell D, et al. Incremental costs of post-liver 
transplantation complications. J Am Coll Surg. 2008; 206(1):89–95. [PubMed: 18155573] 

24. Englesbe M, Dimick J, Mathur A, Ads Y, Welling T, Pelletier S, et al. Who pays for biliary 
complications following liver transplant? A business case for quality improvement. Am J 
Transplant. 2006; 6:2978–82. [PubMed: 17294525] 

25. Abecassis M. Financial outcomes in transplantation--a provider’s perspective. Am J Transplant. 
2006; 6(6):1257–63. [PubMed: 16686748] 

26. Axelrod DA, Swindle J, Salvalaggio PR, Buchanan P, Schnitzler M. Reducing the cost of marginal 
organ utilization: is there a national learning curve? Am J Transplant. 2007; 7:283–284.Am J 
Transplant. 2007; (Suppl 7):283–4. (Abstr). 

27. Selck FW, Grossman EB, Ratner LE, Renz JF. Utilization, outcomes, and retransplantation of liver 
allografts from donation after cardiac death: implications for further expansion of the deceased-
donor pool. Ann Surg. 2008; 248(4):599–607. [PubMed: 18936573] 

Salvalaggio et al. Page 9

Liver Transpl. Author manuscript; available in PMC 2015 May 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Relationship of Donor Risk Index (per DRI quartiles) and transplant and post-transplant 

costs, adjusted for: Sex, age, race, diagnosis (Hepatocellular carcinoma, Hepatitis B Virus, 

Hepatitis C Virus, other), recipient blood type, prior liver transplantation, pre-transplant 

dialysis, MELD, simultaneous liver-kidney transplantation and region. *P<0.0001 for 

difference between all DRI groups.
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Figure 2. 
Interaction of DRI, MELD, and total transplant cost (in thousands of US dollars), n ¼ 7575, 

adjusted for: sex, age, race, diagnosis (HCC, HBV, HCV, other), recipient blood type, prior 

liver transplant, pretransplant dialysis, MELD score, simultaneous liver–kidney 

transplantation and region. (A) Relationship between MELD and DRI; (B) Synergistic effect 

between MELD and DRI. *P < 0.05; **P < 0.0001.
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Table 1

Demographic and clinical characteristics of liver transplant recipients included in the study (n= 9,059)

n %

Female 2,966 32.74

Age of recipient (years)

 18–24 194 2.14

 25–34 362 4.01

 35–44 925 10.21

 45–54 3,392 37.44

 55–64 3,237 35.73

 65+ 949 10.48

Race

 White 6,600 72.86

 Black 866 9.56

 Hispanic 1,007 11.12

 Other 586 6.47

Blood type

 A 3,382 37.33

 B 1,184 13.07

 AB 491 5.42

 O 4,002 44.18

Primary diagnosis

 HCC 1,157 12.77

 HBV 275 3.04

 HCV 3,102 34.24

 Other 4,518 49.87

 Missing 7 0.08

Recipient Diabetes 1,846 20.38

Region

 1 235 2.59

 2 994 10.97

 3 555 6.13

 4 422 4.66

 5 1,416 15.63

 6 450 4.97

 7 1,597 17.63

 8 624 6.89

 9 869 9.59

 10 909 10.03

 11 988 10.91
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n %

Re-transplant 51 0.56

Simultaneous Liver-kidney transplant 628 6.93

Pre-transplant characteristics

 Dialysis 406 4.48

Biologic MELD Categories

 MELD 6–14 2,404 26.54

 MELD 15–20 2,239 24.72

 MELD 21–27 1,880 20.75

 MELD 28+ 2,055 22.68

 MELD unknown 481 5.31

Mean SD

BMI (n=7,494) 28.2 5.7
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Table 2

Demographic Characteristics of Liver Transplant Donors Included in the Study

Donor Characteristic (n= 9,059) n %

Female 3,597 39.71

Age of recipient (years)

 <40 4,219 46.57

 40–49 1,850 20.42

 50–59 1,733 19.13

 60–69 865 9.55

 >69 392 4.33

Race*

 White 6,223 68.69

 Black 1,410 15.56

 Hispanic 1,096 12.10

 Other 330 3.64

Height (cm)

 <164 2,005 22.13

 164–<173 2,130 23.51

 173–<181 2,768 30.56

 181+ 1,773 19.57

 Unknown 383 4.23

Organ location

 Local 7,087 78.23

 Regional 1,422 15.70

 National 550 6.07

Cause of death

 Trauma 3,306 36.49

 Anoxia 1,242 13.71

 Cerebrovascular accident 3,969 43.81

 Other 542 5.99

Donation after cardiac death 401 4.43

Donor Risk Index

 DRI 0–<1.2 2,060 22.74

 DRI 1.2–<1.5 2,390 26.38

 DRI 1.5–<1.8 1,996 22.03

 DRI 1.8+ 2,230 24.62

 DRI unknown 383 4.23

Cold ischemia time (hours)*

 <7 3,157 34.85
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Donor Characteristic (n= 9,059) n %

 7–<13 4,256 46.98

 13+ 410 4.53

 missing 1,236 13.64

Donor Diabetes 716 8.73

Types of graft*

 Split grafts 508 5.61

*
The mean value of cold ischemia time (7.2 hours) among non-missing cases was used in the donor risk index computation for cases with missing 

cold ischemia time.
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