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Hypothesis: Donor, technical, and recipient risk fac-
tors cumulatively impact survival and health-related qual-
ity of life after liver transplantation.

Design: Retrospective study.

Setting: Tertiary care center.

Patients: A total of 483 adults undergoing primary or-
thotopic liver transplantation between January 1, 1991,
and July 31, 2003.

Main Outcome Measures: Graft and patient sur-
vival, Karnofsky functional performance scores, Medi-
cal Outcomes Study Short Form 36 Health Survey scores,
and Psychosocial Adjustment to Illness Scale scores as
influenced by potential risk factors including donor age,
weight, warm ischemia time, cold ischemia time (CIT),
sex, United Network for Organ Sharing (UNOS) status
(1 or 2A vs 2B or 3), recipient age and disease, bilirubin
level, and creatinine level.

Results: Five-year graft survival was 72% for recipients
of donors younger than 60 years and 35% for recipients
of donors 60 years and older (P�.001). A CIT of 12 hours
or more was associated with shorter 5-year graft sur-
vival (71% vs 58%; P=.004). Five-year graft survival for
UNOS status 2B or 3 was 71% vs 60% for status 1 or 2A
(P=.02). A comparable pattern was seen for patient sur-
vival in relation to donor age (P=.003), CIT (P=.005),
and urgency status (P=.03). Urgent UNOS status, ad-
vanced donor age, and prolonged CIT were indepen-
dently associated with shorter graft and patient survival
(P�.05). Functional performance and health-related qual-
ity of life were not affected by donor, recipient, or tech-
nical characteristics.

Conclusions: Combining advanced donor age, urgent
status, and prolonged CIT adversely affects graft and pa-
tient survival, and the cumulative effects of these risk fac-
tors can be modeled to predict posttransplant survival.
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A LMOST 2000 PEOPLE WITH

end-stage liver disease die
every year while awaiting
a suitable donor liver.
Since 1991, there has been

a 10-fold increase in the number of liver
transplant candidates and only a 2-fold in-
crease in the number of donor livers. In
2000, there were almost 17000 candi-
dates awaiting liver transplant and only
about 5000 transplanted.1 Perhaps even
more striking is a 10% to 15% annual mor-
tality for patients awaiting liver trans-
plant. Given these grim statistics, alloca-
tion of organs must be carefully considered
to maximize graft and patient survival.

In an effort to expand the donor pool,
organs from marginal donors (with pre-
sumed marginal grafts) have been increas-
ingly transplanted. Marginal livers are
considered to be less optimal for trans-

plantation for a variety of reasons, and
there is no consistent definition of a mar-
ginal donor in the literature. The charac-
teristics given in the following list are cited
by many.2-6 Donors with one or more of
these characteristics account for 15% to

20% of transplanted livers.7 In addition,
a variety of recipient and technical risk fac-
tors relating to impaired graft and patient
survival have been identified8:

Donor risk factors
• Age (�50 y, �60 y)
• Weight (�100 kg)
• Intensive care unit stay (�4 d)
• Hypotensive episodes (mean arterial

pressure �60 mm Hg for �1 h)
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• Vasopressor drug requirement (dopamine dosage
�10 µg/kg per minute)

• Elevated bilirubin level (�2 mg/dL [�34.2 µmol/L])
• Elevated alanine aminotransferase level (�170 U/L)
• Elevated aspartate aminotransferase level (�140 U/L)
• Elevated serum sodium level (�160 mEq/L)

Technical risk factors
• Prolonged cold ischemia time (CIT) (�12 h)
• Prolonged warm ischemia time (�60 min)
• Graft-to-recipient sex mismatch (female graft to male

recipient)

Recipient risk factors
• Pretransplant urgency status
• Recipient age
• Total bilirubin level
• Creatinine level
• Cause of liver disease

Donor, recipient, and technical characteristics have been
related to recipient outcomes after transplantation, but few
studies have examined the combined effects of these fac-
tors on graft and patient survival.9,10 In addition, little has
been done to evaluate the influence of these factors on
health-related quality of life. Our purpose was to deter-
mine the effects of donor, technical, and recipient risk fac-
tors on graft and patient survival as well as health-related
quality of life after liver transplantation.

METHODS

DATA ACQUISITION

This study was approved by the institutional review board of
Vanderbilt University Medical Center, Nashville, Tenn. Data
were derived from our transplantation center’s registry, a da-
tabase maintained for clinical outcomes evaluation and man-
datory reporting purposes. All adult patients (aged �18 years)
who underwent primary orthotopic liver transplant for end-
stage liver disease at Vanderbilt University Medical Center be-
tween January 1, 1991, and July 31, 2003, were included in the
analysis. Donor, recipient, technical, and survival data were col-
lected from the registry. Functional performance data were col-
lected by a review of medical records, and health-related quality-
of-life outcome data were collected by surveying organ recipients
by means of standardized self-report instruments.

RISK FACTORS AND OUTCOME MEASURES

Riskfactorsdeterminedtobemeaningfulpredictorsofdonor, tech-
nical, and recipient outcomes were selected on the basis of a re-
view of the literature. Initial data analysis using receiver operat-
ing characteristic curves and looking at survival trends allowed
us tocategorizevariables suchasdonorageandCIT intodichoto-
mous variables with discrete, clinically meaningful cutoff points.
Donor risk factors were age (�60 years) and weight (�100 kg).
Technical characteristics includedCIT(�12hours),warmische-
mia time(�60minutes), andgraftmismatch(femalegraft tomale
recipient vs all other combinations). Recipient risk factors were
United Network for Organ Sharing (UNOS) urgency status (1 or
2Avs2Bor3), age, creatinine level, totalbilirubin level, andcause
of liver disease. All summary data are presented as mean±SD.

Primary outcome measures were graft survival, patient sur-
vival, and rate of retransplantation. In addition, the effects of
all risk factors on Karnofsky functional performance and health-

related quality of life were evaluated in a subset of patients.11

Karnofsky scores were determined longitudinally (before trans-
plant, 3 and 6 months after transplant, and annually thereaf-
ter). The Karnofsky scale is a clinician-scored measure of func-
tional performance. Scores range from 0 to 100. A score of 40
or less represents the poorest level of functioning (“dis-
abled”), 41 to 79 represents impaired functioning (“unable”),
and 80 to 100 represents the highest level of functioning (“able”).

Self-report of health-related quality of life was obtained one
time after transplant by means of the Medical Outcomes Study
Short Form 36 Health Survey (SF-36)12 and the Psychosocial Ad-
justment to Illness Scale.13 The SF-36 consists of 36 items in 8
subscales: physical functioning, role functioning, bodily pain, gen-
eral health, vitality, social functioning, role-emotional, and men-
tal health. The physical and mental component summary scales
are then computed as weighted composites of the 8 subscales. Nor-
mative data for the general US population are available for the
SF-36. Higher scores represent better quality of life.

The Psychosocial Adjustment to Illness Scale is composed
of 46 items, which are scored as 7 domains of psychosocial
adjustment to illness: health care orientation, vocational envi-
ronment, domestic environment, sexual relationships, ex-
tended family relationships, social environment, and psycho-
logical distress. A global score is also computed. Higher scores
represent poorer adjustment to illness.

STATISTICAL METHODS

Graft and patient survival curves for each risk group were esti-
mated by means of Kaplan-Meier survival analysis, and the log-
rank test was used to determine whether a statistically significant
difference(definedasaPvalue�.05)existedbetweenriskgroups.
Survival was determined in months from date of transplantation
to patient death from any cause, retransplantation, or loss to fol-
low-up (censored). Graft failure was defined as death from any
cause or retransplantation. Retransplantation rates were com-
pared between risk factor groups by means of the �2 statistic.

The adequacy of our cutoff points for donor age and CIT were
evaluated by first examining both continuous variables by quar-
tiles and comparing survival by each quartile and also by using
receiver operating characteristic curves to determine the most
adequate point to categorize these variables. The optimal point
for differentiating survival for donor age was 60 years, and the
optimal point for differentiating survival for CIT was 12 hours.

Analysis of variance methods were used to test the effects
of risk factors on functional performance and health-related qual-
ity of life. A mixed-model approach was used for longitudinal
functional performance data to determine whether the pattern
of improvement in functional performance over time differed
by risk factor. Time after transplant was included as a covari-
ate in testing the effects of risk factors on SF-36 and Psycho-
social Adjustment to Illness Scale scores to control for indi-
vidual differences within this measure.

Cox proportional hazards regression analysis was per-
formed to test the combined effects of risk factors on outcome
measures. Risk factors, including donor age, donor weight, CIT,
warm ischemia time, sex mismatch, UNOS status, recipient age,
total bilirubin level, creatinine level, and cause of liver dis-
ease, were treated as categorical variables in these analyses. Step-
wise Cox proportional hazards regression with backward elimi-
nation was used to model the combined effects of these risk
factors on graft and patient survival. All 12 covariates were en-
tered in the initial model, and subsequent models were itera-
tively developed after elimination of risk factors that were not
statistically significant predictors (defined as P�.05) of graft
failure or patient death. Hazard functions derived from Cox pro-
portional hazards regression models of graft and patient sur-
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vival were used to derive risk scores and theoretical survival
functions based on a variety of risk factor combinations. Mul-
tivariate models of functional performance and health-related
quality of life were developed by multiple regression methods.

RESULTS

Four hundred eighty-three cadaveric liver transplants in
451 recipients from January 1, 1991, to July 31, 2003,
were studied. Donor, recipient, and technical character-
istics are summarized in Table 1.

RISK FACTORS FOR PATIENT
AND GRAFT SURVIVAL

A significant reduction in patient and graft survival was
associated with donor age of 60 years or older and CIT

of 12 hours or more. Likewise, UNOS status of 1 or 2A
was a significant predictor for worse graft and patient sur-
vival. Five-year graft survival for recipients of donors
younger than 60 years was 72% compared with 35% for
recipients of livers from donors 60 years or older (P�.001)
(Figure1). Five-year survival for patients receiving grafts
from donors younger than 60 years was 75% vs 48% for
those receiving grafts from donors 60 years or older
(P=.003). The 5-year graft survival for recipients of grafts
with less than 12 hours of CIT was 71% compared with
58% for those receiving grafts with 12 hours or more of
CIT (P=.004) (Figure 2), and 5-year patient survivals
for these recipients were 77% and 64% (P=.005). The
5-year graft survival for status 2B and 3 recipients was
71% compared with 60% for status 1 and 2A recipients
(P=.02) (Figure3), whereas 5-year patient survival rates
for these recipients were 75% and 65% (P=.03). Donor
weight, warm ischemia time, sex mismatch, recipient age,
creatinine level, total bilirubin level, and cause of liver
disease did not significantly alter graft or patient sur-
vival. The retransplantation rate for grafts from donors
younger than 60 years was 6%, whereas the retransplan-
tation rate was 21% for grafts from donors 60 years or
older (P�.001). The retransplantation rate for status 2B
and 3 recipients was 7%, whereas the retransplantation
rate for status 1 and 2A recipients was 21% (P=.01).

Primary nonfunction accounts for the majority of graft
loss; therefore, a significant decrement in survival can be
seen for recipients of marginal organs during the first year,
with a more gradual loss of grafts in the ensuing years to

Table 1. Donor, Technical, and Recipient Characteristics*

Risk Factor Finding

Donor age
�60 y, No. 399
�60 y, No. 35
Mean ± SD, y 34 ± 16

Donor weight
�100 kg, No. 409
�100 kg, No. 19
Mean ± SD, kg 74 ± 15

CIT
�12 h, No. 383
�12 h, No. 74
Mean ± SD, h 8 ± 4

WIT
�60 min, No. 367
�60 min, No. 87
Mean ± SD, min 47 ± 23

Graft-to-recipient sex ratio, No.
Female to male 91
All other combinations 392

UNOS urgency status, No.
2B and 3 406
1 and 2A 77

Recipient age
�55 y, No. 330
�55 y, No. 134
Mean ± SD, y 49 ± 10

Total bilirubin level
�2 mg/dL, No. 123
�2 mg/dL, No. 355
Mean ± SD, mg/dL 7.5 ± 9

Creatinine level
�1.5 mg/dL, No. 350
�1.5 mg/dL, No. 127
Mean ± SD, mg/dL 1.3 ± 1

Cause of liver disease, No.
Viral 249
Autoimmune 59
Alcohol 41
Other 134

Abbreviations: CIT, cold ischemia time; UNOS, United Network for Organ
Sharing; WIT, warm ischemia time.

SI conversions: To convert bilirubin to micromoles per liter, multiply by
17.1; creatinine to micromoles per liter, multiply by 88.4.

*The total numbers are not equal in all groups because of missing data.
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Figure 1. Cumulative graft survival for recipients by donor age. Five-year
graft survival for donors younger than 60 years was 72%, and for donors
60 years or older, 35% (P�.001).
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Figure 2. Cumulative graft survival for recipients by graft cold ischemia time
(CIT). Five-year graft survival for grafts with less than 12 hours of CIT was
71%, and for grafts with 12 hours or more of CIT, 58% (P=.004).
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chronic rejection. There was still significantly more graft
loss at 5 or more years in recipients of donors 60 years
or older than in recipients of donors less than 60 years
old. A very small number of recipients died of causes un-
related to graft failure (�1%).

RISK FACTORS FOR FUNCTIONAL
PERFORMANCE AND QUALITY OF LIFE

Health-related quality of life was measured in 75 recipi-
ents. There was a significant improvement in functional
performance between pretransplant scores (53±4) and
1-year posttransplant scores (87±1) (P�.001). How-
ever, analyses demonstrated no difference in the rate of
improvement in functional performance due to any risk
factor.

COMBINED EFFECTS OF RISK FACTORS

Donor age of 60 years or older (P�.001), CIT of 12 hours
or more (P=.007), and urgent recipient status (P=.007)

were independent risk factors for shortened graft sur-
vival (Table 2). Likewise, donor age of 60 years or older
(P=.03), CIT of 12 hours or more (P=.02), and urgent
recipient status (P=.05) were independent risk factors
for shortened patient survival on the basis of our Cox pro-
portional hazards regression models. Using this model-
ing, each patient was given a risk score: risk score=�1X1

+ �2X2 + . . . �kXk, where X1, X2, . . . Xk are the levels of k
prognostic variables (risk factors), and �1, �2, . . . �k are
regression coefficients.14 High scores correspond to poor
prognosis, and smaller values (including negative ones)
correspond to better prognosis. Risk of graft failure was
expressed by following risk score in the model: 0.970
(donor age �60 years) + 0.616(CIT �12 hours) + 0.634
(UNOS status 1 or 2A). Similarly, the risk score for pa-
tient death was as follows: 0.652(donor age �60 years)
+ 0.572(CIT �12 hours) + 0.529(UNOS status 1 or 2A).

We next generated hypothetical graft survival curves
by using hazard functions defined by the model and sub-
stituting various values for risk factors (Figure 4). On
the basis of these hypothetical models, a graft trans-
planted from a donor younger than 60 years into a sta-
tus 2B or 3 recipient with less than 12 hours of cold is-
chemia would have a probability of 75% for surviving 5
years. In contrast, a graft from a donor 60 years or older
transplanted into a status 1 or 2A recipient with a CIT
of 12 hours or more would have only a 20% probability
of surviving 5 years after transplant.

COMMENT

Orthotopic liver transplantation is the standard of care
for end-stage liver disease, but the supply of donor liv-
ers is inadequate. In an effort to increase the availability
of donor organs, marginal donors are being used for liver
transplantation, and this has consequences. Marginal grafts
exhibit more profound ischemic and preservation in-
jury.15 There is an increased incidence of rejection, ini-
tial poor function, and graft loss in livers from marginal
donors.16 With these factors in mind, we investigated the
relationship between marginal donors, technical factors
associated with transplantation, and recipient status. Our
results not only confirmed that these risk factors ad-
versely affect survival, but they also demonstrate that do-
nor age, CIT, and recipient UNOS status 1 or 2A are in-
dependently associated with shorter graft and patient
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Figure 3. Cumulative graft survival by recipient status. Five-year graft
survival for status 2B and 3 recipients was 71%, and for status 1 and 2A
recipients, 60% (P=.02).

Table 2. Combined Effects of Risk Factors for Graft Survival

Variable �
Relative Risk

(95% CI)
P

Value

Starting model
Donor age �60 y 0.89 2.42 (1.41-4.17) �.001
Donor weight �100 kg 0.41 1.51 (0.70-3.24) .29
CIT �12 h 0.58 1.78 (1.12-2.81) .008
WIT �60 min 0.22 1.25 (0.78-2.01) .36
Female graft to male recipient 0.31 1.36 (0.85-2.18) .25
UNOS status 1 and 2A 0.71 2.03 (1.21-3.43) .006
Recipient age �55 y 0.02 1.02 (0.66-1.60) .92
Total bilirubin �2 mg/dL –0.04 0.96 (0.60-1.53) .86
Creatinine �1.5 mg/dL –0.05 0.95 (0.78-1.60) .85
Viral cause 0.03 1.03 (0.65-1.63) .91
Autoimmune cause 0.18 1.20 (0.64-2.26) .58
Alcohol cause –0.42 0.66 (0.27-1.60) .35

Final model
Donor age �60 y 0.97 2.64 (1.57-4.44) �.001
CIT �12 h 0.62 1.85 (1.19-2.89) .007
UNOS status 1 and 2A 0.63 1.89 (1.19-2.98) .007

Abbreviations: CI, confidence interval; CIT, cold ischemia time;
UNOS, United Network for Organ Sharing; WIT, warm ischemia time.

SI conversions: To convert bilirubin to micromoles per liter, multiply by
17.1; creatinine to micromoles per liter, multiply by 88.4.
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Figure 4. Comparison of cumulative graft survival for 2 hypothetical
recipients with different characteristics. CIT indicates cold ischemia time.
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survival in a combined-effects model, and the effect of
these risk factors is additive.

Graft and patient survival worsens with the use of do-
nor livers having greater than 30% steatosis.17 Because
biopsy-quantified graft steatosis was not available for all
grafts, we used donor weight of 100 kg or more as a sur-
rogate marker for increased graft steatosis. Although this
donor weight has been associated with increased graft loss
in other studies,18,19 we found no association of donor
weight with shortened graft or patient survival. On the
basis of this result, donor weight may be an unreliable
marker for graft steatosis.

Excessive warm ischemia time has been associated with
worse graft survival,6 but we did not demonstrate a sur-
vival disadvantage with warm ischemia time of 60 min-
utes or more. In our study, the number of grafts sub-
jected to this warm ischemia time was low and perhaps
not powerful enough to exert a significant influence on
our findings. In today’s practice, advances in surgical tech-
nique have lessened the importance of warm ischemia
time as a predictor for patient and graft survival.

Wehadpreviouslydemonstrated that functionalperfor-
manceissignificantly improvedafter liver transplantation.20

Becausewewereabletoperformouranalysisofhealth-related
qualityof lifeonlyonasubsetof75 recipients, these results
are difficult to meaningfully interpret. Quality of life may
be related to risk factors such as donor age and weight, but
this was not observed in our present study.

Predicting posttransplant outcomes has become in-
creasingly important in light of the worsening organ short-
age. Several groups have attempted to identify preopera-
tive and operative factors that predict survival after
transplantation. Markmann and colleagues21 demon-
strated that lack of immediate bile production by the graft,
platelet transfusion of 20 U or more, and recipient urine
output of 2.0 mL/kg per hour or less portend a poor out-
come after liver transplantation. In addition, they mod-
eled posttransplant survival on the basis of 4 pretrans-
plant variables (recipient age, mechanical ventilation,
dialysis, and retransplantation).22 Ghobrial and col-
leagues23 evaluated patient survival in a subset of 500
transplant recipients with hepatitis C and found that re-
cipient age, UNOS status, donor sex, and creatinine level
significantly predicted patient survival.

By incorporating hypothetical hazard values into a Cox
proportional hazards regression model, we showed the cu-
mulative adverse effects of increasing donor age, CIT, and
UNOS status on graft survival. We also demonstrated simi-
lar findings for increasing donor age, CIT, and urgent UNOS
status on patient survival. From these findings, we can de-
velop preliminary models of pretransplant characteris-
tics to help predict postransplant survival. In future stud-
ies we hope to confirm our model in the UNOS database
and formulate a clinically relevant pretransplant model by
using easily accessible variables that will accurately pre-
dict posttransplant graft and patient survival. Such a model
could be used to make recipient-specific organ allocation
decisions at the time of graft procurement.

Accepted for Publication: September 15, 2004.
Correspondence: Derek E. Moore, MD, MPH, Vander-
bilt University Transplant Center, 801 Oxford House,

Nashville, TN 37232-4753 (derek.moore@vanderbilt
.edu).
Funding/Support: This research was supported by Roche
Laboratories Inc, Nutley, NJ, and by grant 1 RO3 HS13036
from the Agency for Healthcare Research and Quality,
Rockville, Md.
Previous Presentation: This study was presented in part
at the Americas Hepato-Pancreato-Biliary Congress; Feb-
ruary 28, 2003; Miami Beach, Fla.

REFERENCES

1. Harper AM, Edwards EB, Ellison MD. The OPTN waiting list, 1988-2000. Clin Transpl.
2001:73-85.

2. Briceno J, Lopez-Cillero P, Rufian S, et al. Impact of marginal quality donors on
the outcome of liver transplantation. Transplant Proc. 1997;29:477-480.

3. Briceno J, Solorzano G, Pera C. A proposal for scoring marginal liver grafts. Transpl
Int. 2000;13(suppl 1):S249-S252.

4. Troncoso JC, Furman P, Bisigniano L, Araujo JL, del C Bacque M. Liver trans-
plant: marginal donors findings from the Argentine experience. Transplant Proc.
2002;34:227-228.

5. Markmann JF, Markmann JW, Markmann DA, et al. Preoperative factors asso-
ciated with outcome and their impact on resource use in 1148 consecutive pri-
mary liver transplants. Transplantation. 2001;72:1113-1122.

6. Strasberg SM, Howard TK, Molmenti EP, Hertl M. Selecting the donor liver: risk
factors for poor function after orthotopic liver transplantation. Hepatology. 1994;
20:829-838.

7. Smith CM, Davies DB, McBride MA. Liver transplantation in the United States: a
report from the UNOS Liver Transplant Registry. Clin Transpl. 1999:23-34.

8. Belle SH, Beringer KC, Detre KM. An update on liver transplantation in the United
States: recipient characteristics and outcome. Clin Transpl. 1995:19-33.

9. Ghobrial RM, Gornbein J, Steadman R, et al. Pretransplant model to predict post-
transplant survival in liver transplant patients. Ann Surg. 2002;236:315-322.

10. Seaberg EC, Belle SH, Beringer KC, Schivins JL, Detre KM. Liver transplantation
in the United States from 1987-1998: updated results from the Pitt-UNOS Liver
Transplant Registry. Clin Transpl. 1998:17-37.

11. Karnofsky DA, Abelmann WH, Craver LFBJ, Burchenal JH. The use of nitrogen
mustards in the palliative treatment of carcinoma. Cancer. 1948;1:634-656.

12. Ware JE Jr, Kosinski MKS. SF-36 Physical and Mental Health Summary Scales:
A Users’ Manual. Boston, Mass: Health Institute, New England Medical Center;
1994.

13. Derogatis LR, Derogatis MF. PAIS & PAIS-SR: Administration, Scoring & Pro-
cedures Manual, II. Towson, Md: Clinical Psychometric Research Inc; 1990.

14. Rosen HR, Madden JP, Martin P. A model to predict survival following liver
retransplantation. Hepatology. 1999;29:365-370.

15. Yersiz H, Shaked A, Olthoff K, et al. Correlation between donor age and the pat-
tern of liver graft recovery after transplantation. Transplantation. 1995;60:790-
794.

16. Howard TK, Klintmalm GB, Cofer JB, Husberg BS, Goldstein RM, Gonwa TA.
The influence of preservation injury on rejection in the hepatic transplant recipient.
Transplantation. 1990;49:103-107.

17. Marsman WA, Wiesner RH, Rodriguez L, et al. Use of fatty donor liver is asso-
ciated with diminished early patient and graft survival. Transplantation. 1996;
62:1246-1251.

18. Mor E, Klintmalm GB, Gonwa TA, et al. The use of marginal donors for liver trans-
plantation: a retrospective study of 365 liver donors. Transplantation. 1992;
53:383-386.

19. Zamboni F, Franchello A, David E, et al. Effect of macrovesicular steatosis and
other donor and recipient characteristics on the outcome of liver transplantation.
Clin Transplant. 2001;15:53-57.

20. Pinson CW, Feurer ID, Payne JL, Wise PE, Shockley S, Speroff T. Health-related
quality of life after different types of solid organ transplantation. Ann Surg. 2000;
232:597-607.

21. Markmann JF, Markmann JW, Desai NM, et al. Operative parameters that pre-
dict the outcomes of hepatic transplantation. J Am Coll Surg. 2003;196:566-
572.

22. Desai NM, Mange KC, Crawford MD, et al. Predicting outcome after liver trans-
plantation: utility of the model for end-stage liver disease and a newly derived
discrimination function. Transplantation. 2004;77:99-106.

23. Ghobrial RM, Steadman R, Gornbein J, et al. A 10-year experience of liver trans-
plantation for hepatitis C: analysis of factors determining outcome in over 500
patients. Ann Surg. 2001;234:384-393.

(REPRINTED) ARCH SURG/ VOL 140, MAR 2005 WWW.ARCHSURG.COM
277

©2005 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


