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Background. Cadaveric liver transplantation (5-
year survival >80%) represents the standard of care
for end-stage liver disease (ESLD). Because the de-
mand for cadaveric organs exceeds their availability,
living-donor liver transplantation has gained increas-
ing acceptance. Our aim was to assess the marginal
cost-effectiveness of cadaveric and living-donor ortho-
topic liver transplantation (OLT) in adults with ESLD.

Methods. Using a Markov model, outcomes and costs
of ESLD treated (1) conservatively, (2) with cadaveric
OLT alone, and (3) with cadaveric OLT or living-donor
OLT were computed. The model was validated with
published data. The case-based scenario consisted of
data on all 15 ESLD patients currently on our waiting
list (3 women, 12 men; median age, 48 years [range,
33–59 years]) and on the outcome of all OLT performed
for ESLD at our institution since 1995 (n�51; actuarial
5-year survival 93%). Living-donor OLT was allowed in
15% during the first year of listing; fulminant hepatic
failure and hepatocellular carcinoma were excluded.

Results. Cadaveric OLT gained on average 6.2 qual-
ity-adjusted life-years (QALYs) per patient compared
with conservative treatment, living-donor OLT, an ad-
ditional 1.3 QALYs compared with cadaveric OLT
alone. Marginal cost-effectiveness of a program with
cadaveric OLT alone and a program with cadaveric
and living-donor OLT combined were similar (€ 22,451
and € 23,530 per QALY gained). Results were sensitive
to recipient age and postoperative survival rate.

Conclusions. Offering living-donor OLT in addition
to cadaveric OLT improves survival at costs compara-
ble to accepted therapies in medicine. Cadaveric OLT
and living-donor OLT are cost-effective.

Cadaveric orthotopic liver transplantation (OLT) has be-
come widely accepted as standard of care for end-stage liver
disease (ESLD). Thus in the last 10 years the number of
cadaveric OLTs tripled from 24 in 1989 to 75 in 1999 in
Switzerland (population, 6.8 million inhabitants) (1). One
current challenge is an increasing waiting list caused by the
progressive shortage in donor organs. This problem of length-
ening waiting lists is faced by all transplantation units (2).
With longer waiting times the morbidity and mortality of
patients waiting for OLT are increasing, and costs of patients
requiring inpatient treatment are rising without improve-
ment of survival. One approach to cope with the donor short-
age is the use of living donors (3, 4).

The clinical impact of the introduction of living-donor OLT
is complex as there is a trade-off of benefits for the recipient
and the risks for the donor. The main benefits for the recip-
ient are a decreased waiting time and lower perioperative
complications because the operation is performed electively
with a short reperfusion time (5). On the other side, the
operative risks for the donor need to be considered (6).

The impact of a living-donor OLT program on the health-
care system is unknown. On the one hand, costs for patients
on the waiting list are reduced with a shorter waiting time.
On the other hand, transplantation costs rise with the higher
number of transplantations performed. Additional costs arise
with the donor hepatectomy and the associated donor sur-
veillance program. Despite the recent reduction of hospital-
ization costs for transplantations with shorter lengths of
stay, total costs including the follow-up treatment remain
high (7–10).

To our knowledge there are no published studies on the
cost-effectiveness of living-donor OLT for ESLD and there is
no analysis of the impact of a living-donor OLT program on a
transplantation center (4). Therefore, we aimed at perform-
ing an assessment of the cost-effectiveness of cadaveric OLT
and living-donor OLT based on recent costs and effectiveness
data and at analyzing the clinical and economic impact of a
living-donor OLT program on a transplantation center.

MATERIALS AND METHODS

We created a Markov-based decision model to simulate clinical
and economic effects of cadaveric OLT and living-donor OLT in
ESLD (Fig. 1). Our analysis is based on the entire cohort of patients
with ESLD on the waiting list for transplantation at the University
Hospital Zürich and takes into consideration the outcomes of the
natural history of ESLD, a cadaveric OLT program, and a program
with cadaveric OLT and living-donor OLT combined. The model
starts with an intention-to-treat decision and allows us to model
cohorts of patients with ESLD and to compare the outcome of the
natural history of ESLD and treatment options (cadaveric OLT and
living-donor OLT). The cohorts move through predefined health
states by given transition probabilities over time until all patients
have entered the death state. Transition probabilities are derived
from patients observed at the University Hospital Zürich and from
the literature. The model is applied to the waiting list for liver
transplantation at the University Hospital Zürich, and age-specific
modeling of patients with ESLD is performed. Time is represented
by annual cycles. The model allows a clinical as well as an economic
evaluation of cadaveric OLT and living-donor OLT. Decision Maker
(11) was used for our analyses.

Cadaveric OLT

To simulate the natural history of decompensated cirrhosis we
applied an annual mortality rate of 24% based on long-term studies
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(12–15). The likelihood of OLT was derived from the waiting list at
the University Hospital Zürich (current annual probability of OLT is
39%; Table 1). A perioperative (3 months) recipient mortality of 1.9%
was applied based on a consecutive series of 51 cadaveric OLTs for
ESLD during the period January 1995 through October 2000 (Uni-
versity Hospital Zürich, unpublished data). According to the data
from the European Liver Transplantation Registry (ELTR), the sur-
vival after OLT of patients with cirrhosis as the first indication of
liver transplantation is similar for different etiologies (viral-related
cirrhosis, alcoholic cirrhosis, primary biliary cirrhosis, autoimmune
cirrhosis, secondary biliary cirrhosis, cirrhosis of other causes) (16),
and therefore we calculated on the basis of a 5-year survival of 93%
for ESLD, based on all cadaveric OLTs performed for ESLD at the
University Hospital Zürich since 1995 (n�51; median age, 48 years;
range, 33–59 years). We assumed a constant annual cadaveric OLT
probability for all patients over time until all patients died from
ESLD or other causes. OLT is considered possible until the age of 69

years. Age-specific mortality data (all other causes) were obtained
from official Swiss mortality data (17). To adjust mortality rates to
probabilities we applied the declining exponential approximation of
life expectancy (18).

Living-Donor OLT

We assumed that 30% of all recipients could identify a possible
donor for formal evaluation and that 15% of all recipients would
undergo living-donor OLT (19). We defined a perioperative donor
mortality of 0.5% (19–21). A donor age of 30 years with a life expect-
ancy of 46 years was assumed (22). Perioperative recipient mortality
and long-term mortality was calculated for living-donor OLT in the
same way as for cadaveric OLT (23). Living-donor OLT was consid-
ered possible only within the first year of listing. We did not include
long-term complications for the donor as these have not been evalu-
ated systematically (24).

FIGURE 1. Decision node and
Markov states: (A) The gray
square node denotes the initial
decision (natural history, cadav-
eric OLT [C-OLT] and cadaveric
OLT or living-donor OLT [C-OLT
� L-OLT] combined). Thereafter
patients are assigned to age
groups. Curly brackets indicate
a Markov process (patients move
iteratively through predefined
health states). The black square
nodes represent terminal nodes.
Patients remain on the waiting
list or die (liver disease, age- and
sex-related) or undergo an oper-
ation (C-OLT or C-OLT � L-OLT
program). Recipients and donors
may die perioperatively. (B) Pa-
tients may die postoperatively
(age- or sex-related and excess
mortality after transplantation)
within the first year or survive
(OLT following years).

TABLE 1. Baseline assumptions and ranges tested in the sensitivity analysis

Variable Baseline probability Range tested Reference

Recipient age Median: 48 years 20–80 years Waiting list 2000, USZ
Likelihood of C-OLT 39% 0–60% Waiting list 1995–2000, USZ
Likelihood of L-OLT 15% 0–30% (19)
Perioperative mortality recipient 1.95% 1.95–10% USZ, 1995–2000 (38)
Perioperative mortality donor 0.5% 0.5–10% (20, 21, 23)
5-year survival OLT 93% 93–67% USZ, 1995–2000 (38)
Donor age 30 years 20–50 years (6)
5-year survival (natural history) 30% 10–40% (13–15)
Discount rate 3% 0–7% (28)

C-OLT, cadaveric OLT; L-OLT, living-donor OLT; USZ, University Hospital Zürich.
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Cost Data

We included total direct costs for the year 1999 from a societal
perspective (Table 2). Lifetime costs were calculated. Cost evalua-
tions followed actual treatment patterns in Switzerland. Average
length of stay per complication was based on data from the Swiss
Hospital Association (25). Costs of OLT were derived from an anal-
ysis of the Swiss Hospital Institute (26). We updated these data to
account for a shorter length of stay (25). The frequency of complica-
tions was estimated by a panel of Swiss physicians and analyses of
one university center (EL Renner, unpublished data). The costs for
donor evaluation were derived from a protocol for evaluation of
potential living-liver donors derived by Marcos et al.(5), which is
identical to the one used at our hospital. Costs of donor liver lobec-
tomy were based on official cost data (27). Future costs as well as
future clinical benefits were discounted by 3% (28).

Quality of Life

We derived the utility of health states in the model by a time
trade-off technique and calculated quality-adjusted life-years
(QALYs) (29). We applied utility values of 0.7 for the first year after
transplantation, and 0.8 for the years thereafter; for life-years with
decompensated cirrhosis after listing for transplantation, we as-
signed a utility value of 0.6 (30). These utility estimates reflect the
Karnofsky performance status of published quality-of-life studies
(31–34).

Model Validation

We validated our model by comparing the survival estimates of the
model with published survival rates. The model estimates for the
natural history (2- and 7-year survival, 63.7 and 20.2%, respectively)
were very close to the published data (2- and 7-year survival, 62.5
and 20%, respectively) (35). The model of the OLT program was
validated against survival data after cadaveric OLT at the Univer-
sity Hospital Zürich. Again the model estimates (2- and 5-year sur-
vival, 96.4% and 92.4%, respectively) were close to the observed data
(2- and 5-year survival, 96% and 93%, respectively).

RESULTS

The cadaveric OLT program gives a patient an additional
gain of 6.2 QALYs compared with the natural history and
accrues additional costs to society of € 139,633 (3% discount
rate). The marginal costs for one additional QALY gained per
patient with ESLD treated by a cadaveric OLT amount to €

22,451. Compared with cadaveric OLT alone, a program with
cadaveric OLT and living-donor OLT combined offers a pa-
tient an additional 1.3 QALYs at additional costs of € 31,076
(Table 3).

The natural history of ESLD without transplantation re-
sults in an average life expectancy per patient of 4.0 years,
and 97.7% of all patients will die of their liver disease. With
a combined cadaveric OLT and living-donor OLT program
the average life expectancy increases to 12.7 years, and the
majority of all patients (52.4%) will die with a natural age-
and sex-specific mortality. Therefore a combined cadaveric

OLT and living-donor OLT program will cause a shift from a
liver disease-related mortality to a natural age- and sex-
specific mortality (Table 4).

Sensitivity Analysis

We tested our results by modulating variables within a
broad range. We considered a variable as critical if it pushes
the marginal cost-effectiveness of the base case above €

35,000 per QALY. We have chosen a conservative cost-effec-
tiveness limit that is lower than the usually accepted US
$50,000 (€ 53,460) per QALY gained (36) as health-care costs
(costs per gross national product) are approximately 30%
lower in Switzerland than in the United States (37).

Variation of Recipient Survival

Not unexpectedly the cost-effectiveness was sensitive to
the recipient survival rates (Fig. 2). We tested a 5-year sur-
vival of 83% as documented by the ELTR (1988–1998, pa-
tients without a risk factor) (38), which leads to a cost-
effectiveness of € 26,000/QALY. A 5-year survival after
cadaveric OLT of 93% as observed at the University Hospital
Zürich (1995–2000) might not be representative of patients
or patterns of care at other centers. Additionally the patient
cohort observed at the University Hospital Zürich is trans-
planted 7 years later than the ELTR data with improved
techniques. On decreasing the 5-year recipient survival rate
below 69% the marginal cost-effectiveness exceeds € 35,000/
QALY (cadaveric OLT alone). If we consider a program with
cadaveric OLT and living-donor OLT combined, the cost-
effectiveness exceeds € 35,000/QALY on decreasing the
5-year survival rate below 72%.

Variation of Patient Age

The median age of patients on the waiting list for ESLD at
the University Hospital Zürich is 48 years (Fig. 3). With
rising age, cost-effectiveness decreases as the natural (age-
and sex-specific) life expectancy decreases. Until the age of
60 years, the cost-effectiveness stays stable below € 30,000/
QALY. For patients older than 65 years, the cost-effective-
ness rises rapidly. Patients older than 75 years show a cost-
effectiveness beyond € 35,000/QALY.

Variation of Cadaveric OLT Probability (Compared With
Conservative Treatment)

When varying the probability of cadaveric OLT (waiting
time), marginal costs will change simultaneously with mar-
ginal effectiveness and therefore the marginal cost-effective-
ness will stay stable below € 35,000/QALY (Fig. 4). We tested
our results by varying probabilities of cadaveric OLT (range,
0–60%). Nevertheless costs for the transplantation center

TABLE 2. Cost estimates and range tested in the sensitivity analysis

Variable Baseline cost estimate (€) Range tested (€)

Costs of transplantation (recipient) 118,457 82,920–153,994
Costs of lobectomy (donor) 17,424 12,197–22,651
Costs for donor evaluation 1976 1383–2569
Annual costs of decompensated cirrhosis 12,848 8,994–16,702
Costs of first year after transplantation 17,955 12,568–23,341
Costs for following years after transplantation 10,218 7,153–13,283
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will rise considerably with the number of transplantations
performed.

Variation of Living-Donor OLT Probability (Compared
With Cadaveric OLT Alone)

Again, when varying the probability of living-donor OLT
(in a program with cadaveric OLT and living-donor OLT
combined), marginal costs and marginal effectiveness of liv-
ing-donor OLT (compared with cadaveric OLT alone) will
change simultaneously, and therefore the cost-effectiveness
ratio will stay stable below € 35,000/QALY (Fig. 5).

We varied discount rates (0–7%), short- and long-term
costs (�30%), effectiveness data (�30%), and utility values
(�30%). The results were not sensitive to these changes.

DISCUSSSION

Cadaveric OLT has advanced as the standard therapy for
patients with ESLD. With a growing number of transplanta-
tions the problem of a progressive shortage of donor organs
with an increasing size of the waiting list arises. A longer
waiting time for transplantation leads to higher morbidity

and mortality for patients with ESLD. Living-donor OLT is
one approach to overcome the donor shortage. Survival and
impact on quality of life after cadaveric OLT and living-donor
OLT have been evaluated in several clinical studies and are
well documented (5, 38–40). Nevertheless there is little data
on the cost-effectiveness of cadaveric OLT (7, 41) and there is
no published data on the cost-effectiveness of living-donor
OLT. Thus our study analyzed the effectiveness (life-years
and QALYs gained), lifetime costs, and the cost-effectiveness
of three strategies (natural history, cadaveric OLT alone, and
cadaveric OLT or living-donor OLT combined) for the treat-
ment of ESLD based on original data from the University
Hospital Zürich and literature.

Cadaveric OLT gains an average of 6.2 QALYs compared
with conservative treatment. Cadaveric OLT or living-donor
OLT combined gives a patient an additional 1.3 QALYs com-
pared with cadaveric OLT alone. Although costs of liver
transplantation remain high with mean patient lifetime costs
of € 191,139 for cadaveric OLT and € 222,215 for a combined
cadaveric OLT and living-donor OLT program, the cost-effec-
tiveness is favorable because of high effectiveness in treating

FIGURE 2. Five-year survival (%)
and marginal cost-effectiveness of
cadaveric OLT (C-OLT) alone and
cadaveric and living-donor OLT
(C-OLT � L-OLT) combined (in
€/QALY).

TABLE 3. Lifetime costs, life expectancy, QALY, and cost-effectiveness

Strategies Life expectancy
(years)

QALY
(years)

Lifetime costs
(€)

Marginal cost-
effectiveness (€/QALY)

Natural history 4.01 2.4 51,506
C-OLT 11.20 8.6 191,139 22,451
C-OLT � L-OLT 12.74 9.9 222,215 23,530

C-OLT, cadaveric OLT; L-OLT, living-donor OLT.

TABLE 4. Changes in mortality by treatment strategy

Strategies

Mortality of
original liver

disease
(%)

Perioperative
mortality

(%)

Excess mortality
after OLT

(%)

Natural age- and
sex-specific
mortality

(%)

Natural history 97.7 2.3
C-OLT 38.1 1.2 15.9 44.9
C-OLT � L-OLT 27.1 1.4 19.0 52.4

C-OLT, cadaveric OLT; L-OLT, living-donor OLT.

SAGMEISTER ET AL.February 27, 2002 619



patients with ESLD, compared with conservative treatment
without a transplantation. Both cadaveric OLT (€ 22,451/
QALY gained) and combined OLT and living-donor OLT (€
23,530/QALY gained) are cost-effective.

We performed our calculations with a favorable 5-year
survival rate after transplantation of 93% as observed at the
University Hospital Zürich. Other ELTR data suggest a
5-year survival of 83%. Patients treated at the University
Hospital Zürich may not represent patients or care patterns
at other European centers. Nevertheless even with consider-
able lower survival rates (5-year survival rate reduced to
69%), the cost-effectiveness ratio remained below € 35,000/
QALY. Costs per health state are derived from Swiss cost
structures and Swiss treatment patterns. National costs are
difficult to transfer to other countries with different health-
care systems, and differences are highly dependent of chang-
ing exchange rates, especially between Europe and the
United States. Transplantation costs in Europe are lower

compared with the United States (exchange rates March
2001): transplantation costs, Switzerland, € 118,457, United
Kingdom, € 49,920–70,200 (8), United States, € 156,000 (9) to
€ 217,674 (10); transplantation costs and first-year costs of
follow-up, Switzerland, € 132,530, the Netherlands, € 87,369
(41), France, € 85,800 (42). Costs in Switzerland are at the
upper limit of published costs in European countries, close to
the costs in the United States. In a sensitivity analysis we
increased costs of transplantation up to € 217,674 (upper
limit of published transplantation costs in the United States
(10)), and the marginal cost-effectiveness stayed below €

35,000/QALY gained. Collectively, despite the national dif-
ferences in costs, our results on cost-effectiveness were stable
and therefore transferable to other European countries as
well as to the United States. Costs of long-term complications
for the living donor were not included in our analysis as these
have not been evaluated systematically (24). Nevertheless,
based on the experience of liver lobectomies in the past, we do

FIGURE 4. Probability of cadav-
eric OLT (C-OLT; in %) and mar-
ginal effectiveness (MAR EFF;
QALY), marginal costs (MAR
COST; €), and marginal cost-effec-
tiveness (MAR C/E; €/QALY) in a
program with C-OLT alone com-
pared with conservative treat-
ment (per patient).

FIGURE 3. Age (years) and mar-
ginal cost-effectiveness of cadav-
eric OLT (C-OLT) alone and cadav-
eric and living-donor OLT (C-OLT
� L-OLT) combined (in €/QALY).
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not expect serious long-term complications. The exclusion of
these costs biases our result in favor of living-donor OLT. To
be conservative we kept the annual likelihood of cadaveric
OLT constant over time even when evaluating a combined
cadaveric OLT and living-donor OLT program. The upcoming
use of living-donor OLT might decrease the waiting list and
increase the annual probability of cadaveric OLT. A calcula-
tion of a constant likelihood of cadaveric OLT biases our
results against living-donor OLT.

Only a minority of approximately 15% of patients will find
a suitable living donor within the first year after listing. This
compares with an annual 39% chance of a cadaveric OLT
until a patient dies of ESLD or natural mortality. It seems
that the problem of a rising waiting list with a high mortality
for ESLD will therefore not be solved by the introduction of a
living-donor OLT program alone. Other alternatives to fur-
ther decreasing waiting time have to be evaluated (3).

Living-donor OLT caries risks for the donor as well as for
the recipient, and the implementation of a living-donor OLT
program incorporates high surgical demands and a high eth-
ical responsibility as well. To guarantee an optimal level of
safety for the donor and the recipient, we suggest a critical
quality assessment of centers that plan to start a living-
donor OLT program. These centers have to prove experience
and excellency in the technical demands of cadaveric OLT
and complex liver resections as well as biliary reconstruction
(43). To facilitate a quality assessment of ongoing programs,
centers should report their outcome to national and interna-
tional surgical boards. Patients who are considered for a
living-donor OLT program must meet the criteria for a ca-
daveric OLT program as suggested by Cronin et al. (44) to
prevent disadvantage to patients on the waiting list for ca-
daveric OLT.

We conclude that cadaveric OLT and living-donor OLT are
cost-effective relative to other therapies in medicine, e.g., €

31,600/QALY gained for coronary stenting with single-vessel
disease (45) or € 3,380–17,100/life-year gained for cholester-
ol-lowering therapy with a statin (46). Although OLT accrues
high costs for a transplantation center, its remarkable effec-
tiveness in giving patients with ESLD a 5-year survival of

�80% leads to a well-accepted cost-effectiveness ratio. Liv-
ing-donor OLT alone plays an important role in decreasing
mortality for ESLD, but as long as only approximately 15% of
patients find a suitable donor, alternative solutions have to
be sought.
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