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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 (DRGSs). 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
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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.
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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 ¥4 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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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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%

Re-transplant 51 0.56
Simultaneous Liver-kidney transplant 628 6.93
Pre-transplant characteristics
Dialysis 406 4.48
Biologic MEL D 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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Donor Characteristic (n=9,059) n %
Female 3,697 | 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 | 2351
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 ischemiatime (hours)*
<7 [ 357 [ 3485

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

Typesof gr aft”™
Split grafts | 508 | 5.61

Page 15

*
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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