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At this transplant center 1340 patients were entered 
on the liver transplant waiting list during the first 25 
months (October 1987 to November 1989) after the 
initiation of the UNOS allocation system for liver grafts. 
Of these 972 (72.5%) of the patients received a graft, 
120 (9.0%) died waiting for a graft, 109 (8.1%) re
mained on the active list as ot the study endpoint of 
December 15, 1989, 123 (9.2%) were withdrawn from 
candidacy, and 16 (1.2%) received a transplant at an
other center. A total of 1201 patients were candidates 
for a first graft. Of the 812 primary candidates who 
received a graft, 64.8% received their graft within one 
month of entry on the waiting list. Of the 109 primary 
candidates who died before a graft could be found, 
79.0% died within a month of entry onto the waiting 
list. At time of transplantation, 135 (16.6%) primary 
recipients of a graft were UN OS class 1, 326 (40.1 %) 
were UNOS class 2, 190 (23.4%) were UNOS class 3, 
and 161 (19.8%) were UNOS class 4. Actuarial survival 
rates (percentage) at 6 months for recipients in UNOS 
class I, class 2, class 3, and class 4 were 88.7±2.9, 
82.6±2.1, 78.4±3.2, and 68.4±3.9, respectively 
(P<O.OOI). At the time of death of recipients who failed 
to get a graft, 6 (5.5%) were UNOS class I, 14 (12.8%) 
were UNOS class 2, 23 (21.1 %) were UN OS class 3, and 
66 (60.6%) were UNOS class 4. 

These results indicate that a high proportion of liver 
transplant candidates are in urgent need of a graft and 
that the UNOS system succeeds in giving these patients 
high priority. However patient mortality on the waiting 
list and after transplantation would lessen significantly 
if more patients with end-stage liver disease were re
ferred to the transplant center in a timely manner before 
their condition reaches the point where the probability 
of survival is diminished. 

Since October I, 1987, the United Network for Organ Sharing 
has operated, under contract with the U.s_ Department of 
Health and Human Services, a national system for the distri
bution of solid organs for transplantation. The allocation of 
livers for transplantation is presently based on a point system 
that gives highest priority to medical urgency and accumulated 
candidate waiting time (1). 

We here report a retrospective analysis of the experience 
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accumulated at a single center with 1340 candidates who were 
entered into a candidate registry over the first 25 months of 
the UNOS system. The data suggest that a high percentage of 
patients with end-stage liver illness are still referred for trans
plantation in advanced stages of disease when the best chance 
for survival has already passed them by. The UNOS point 
system gives these patients preferential access to organs, but 
mortality rates while on the waiting list and after transplan
tation are higher as a result. 

MATERIALS AND METHODS 

Database. SiDce 1985, a microcomputer database has been main. 
tained of all patients entered into the liver transplant program at the 
University of Pittsburgh (2, 3). The recorda of 1340 patients entered 
into this database between October 1. 1987 and November 30, 1985 
were reviewed. End-points for data analysis were date of transplanta. 
tion, date of death. or December IS, 1989 for patients remaining on the 
active list and for calculation of survival for patients who received 
grafts. Variab~ analyzed included sex. age. ABO blood type. medical 
urgency (UNOS class). primary liver disease, waiting time, waiting list 
status (active. transplanted, still waiting), and patient survival. 

The UNOS rating system for medical priority was re~'ised from a six 
level to a foUl' level classification during the period analyzed. For 
purposes of t~ review, each patient was reclassified according to four 
levels: (1) out of hospit&!. (2) hospital·dependent, (3) requiring inten
sive care, and 14) extremely urgent, including patients with fulminant 
failure. primary graft failure. and KUNOS STAT" patients. 

Statistical ~PIIllysis. Analysis of proportionality (chi square). meanl 

testing (anai)"JWi of variance). and nonparametric comparison of sample 
medians (k sample means test) were performed using SPSStpC+ 
veraion 3.1 statistical analysis software (SPSS, Inc., Chicqo. IL). 
Actuarial sumval analysis 11\'85 performed using the lL module o( 
BMDP/PC. 1988 release (8MDP Statistical Software. Los Angeles. 
CAl. Differeoces were considered significant if P<O.05 and highly 
significant if P<O.ot. 

ExclusioM.. Data for sex, age. ABO blood type. and waiting list .tanD 
were available for all patients. The exact date of entry was missing for 
only one patient, and this case was excluded from analysis of waitinl 
time. For ODe recipient of a graft, the final pathological diagnoeia ri 
primary liver disease was not yet available and this case was tlcbJdld 
from analysis based 011 primary liver disease. In four cases, alt.houlll 
the patients _re known to have died while still waiting for a graft, U. 
exact dates ol death were not known and therefore these cases wtIt 

excluded Uom anal)WI of waiting time. One date of death lor I craA 
recipient .. still undetermined aDd this patient was e:r;cJuded ~ . 
survival aulyail. 

RESULTS 

Of the 1340 patients entered into the candidate registry, 112 
(9.2%) were withdrawn from the active list and 16 (1.2%) ""It 
transplanted at other centers. Thus 1201 patients remained iI 

128 

c. 
(! 
rE 
11 

(1 
qu 
ret 
W 
pia 
the 
did. 
poil 

S 
first 
49 I 

88.1 
one 

A 
malt 
mon 
reciI 
N 

year 
base 
infar 
(J1.E 
whill 
How. 
ent~ 

andt 
Or: 

withi 
67.l~ 

withi 
of adl 

AB 
ABO 
with i 
with. 



1991 
S.A. 

R 

were 
hi of 
\ge of 
. ranl-
lance 
point 
s, but 
,plan-

main-
I at the 
ent.ered 
0, 1985 
.planta
~on the 
received 
medical 
Itin, liat 
l. 
om- ail 
zed. For 
g to four 
Ig inten
llminant 

.), me8DI 

){ sample 
'SStpC+ 
ago, ILl
l10dule of 
; An&e1el. 
nd highly 

list statui 
nisainl far 
of 

------~....... -------

January 1991 GORDON IT AL. 129 

the "active pool" of candidates for transplantation at this 
center. A total of 972 (72.5%) patients received a graft, 123 
(9.2%) died before a graft could be found, and 109 (8.1%) 
remained on the active list at the study end-point of December 
15,1989. 

There were 1023 (85_2%) candidates for a primary graft, 151 
(12.6%) for a second graft, and 27 (2.3%) for a third or subse
quent graft. Ofthe primary candidates, 812 (79.4%), and ofthe 
retransplant candidatel, 159 (89.9%) received a graft; 109 
(10.7%) of the primary candidates and 11 (6.2%) of the retrans
plant candidates died before a graft was found; 102 (10.0%) of 
the primary candidates and 7 (3.9%) of the retransplant can
didates remained on the active waiting list at the study end
point. 

Primary Candidates 

Sex. The fate of 569 male and 454 female candidates for a 
first liver graft is shown in Table 1. Sixty (10.5%) males and 
49 (10.8%) females died before a graft could be found, and 
88.1 % of these males and 67.5% of these females died within 
one month of entry on to the waiting list. 

Among the patients who received a transplant, 69.0% of the 
males and 59.4% of the females received their graft within one 
month, and 88.6% of the males and 83.8% of the female 
recipients received their grafts within 3 months. 

Age groups. Patients were classified as infants (age under 2 
years), children (age 2-17 years), and adults (age 18 or older) 
based on age at time of entry into candidacy. The fate of 86 
infants, 76 children, and 861 adults is shown in Table 1. Ten 
(11.6%) infants, 3 (3.9%) children, and 96 (11.1%) adults died 
while waiting for a graft. The differences are not significant. 
However, only 33.3% of the infants died within one month of 
entry on the waiting list compared with 66.7% of the children 
and 83.9% of the adults (P<O.OOl). 

Only 38.3% of the infants who were given a graft received it 
within one month, compared with 69.4% of the children and 
67.1 % of the adults. Of the children, 64.8% were given a graft 
within 3 months, compared with 95.2% of children and 87.9% 
of adults. These differences are highly significant (P<O.OOI). 

ABO blood groups. The fate of primary candidates based on 
ABO blood type is shown in Table 1. Fifty-one 01.6%) patients 
with blood group 0, 43 (10.7%) with blood group A, 11 (7.9%) 
with blood group B, and 4(8.9%) with blood group AB died 

while waiting for a graft: 75.0% of patients who died waiting 
for a graft with blood group 0, 85.6% with blood group A, 
81.9% with blood group B, and 50.0% with blood group AB died 
within one month. The differences are not significant. 

Within one month of entry onto the waiting list, 60.8% of 
type 0 candidates, 71.5% oftype A, 63.9% oftype B, and 51.3% 
of type AB candidates who received a transplant had received 
it. By 3 months, 81.6% of type 0, 91.8% of type A, 88.3% of 
type B, and 83.7% of type AB recipients had received their 
grafts. Thus, more grafts were obtained for type A recipients 
and fewer for type AB recipients within one month (P=0.0234), 
but by three months the AB group had caught up with the 
others. 

Primary liver disease. Pathological confirmation of the diag
nosis of primary liver disease was available for 811 of the 812 
candidates who received a primary liver graft. The most com
mon indications for liver replacement were postnecrotic cirrho
sis (257, 31.6%), alcoholic cirrhosis (128, 15.7%), cholestatic 
liver disease (primary biliary cinhosis, sclerosing cholangitis) 
(124, 15.3%), primary hepatic or biliary tract cancer (81, 
10.0%), biliary atresia (77, 9.5%), acute hepatic failure (40, 
4.9%), and inborn errors of metabolism (37, 4.6%). 

The distribution of waiting time to transplantation according 
to primary indication for liver replacement is shown in Figure 
1. 87_5% of the patients given a graft with acute hepatic failure 
received their new liver within 7 days. Within one month 71.6 % 
of liver recipients with postnecrotic cirrhosis, 79.0% of patients 
with alcoholic cirrhosis, 39.0% of patients with biliary atresia, 
45.9% of patients with cholestatic liver disease, 72.9% of pa
tients with inborn errors of metabolism, and 65.4% of patients 
with primary hepatobiliary cancers had received their grafts. 

UNOS class. The UNOS class of candidates for a first graft 
according to BeX, age group, and ABO blood group is summa
rized in Table 2. There were no significant differences. 

The fate of candidates based on UNOS class at study end
point is shown in Table 1. Among all the candidates who died 
waiting for a graft, 6 (5.5%) patients were listed in UNOS class 
I, 14 (12.8%) in UNOS class 2, 23 (21.1%) in UNOS class 3, 
and 66 (60.6%) in UNOS class 4. Among all the candidates who 
were ultimately listed in class 4, 28.4% died waiting for a graft 
compared with 2.9% of those in class I, 4.2% of those in class 
2, and 9.9% of those in class 3 (P<O.OOl). 

Also among candidates who died waiting for a graft, 89.7% 

TABLE 1. Fate of 812 candidates waiting for a first liver graft 

Transplanud Active Died Toul 

Male 460 (80.8) 49 (8.6) 60 (10.5) 569 (55.6) 
Female 352 (77.5) 53 (11.7) 49 (10.8) 454 (44.4) 

Infant 68 (79.1) 8 (9.3) 10 (11.6) 86 (8.4) 
Child 61 (80.3) 12 (15.8) 3 (3.9) 76 (7.4) 
Adult 683 (79.3) 82 (9.5) 96 (11.1) 861 (84.2) 

GroupO 340 (71,.4) 48 (10.9) 51 (11.6) 439«12.9) 
Group A 316 (78.8) 42 (10.5) 43 (10.7) 401 (39.2) 
GroupB 119 (85.6) 9 (6.5) 11 (7.9) 139 (13.6) 
GroupAB 37 (84.1) 3 (6.8) 4 (9.1) « (4.3) 

Clasa1 135 (65.2) 66 (31.9) 6 (2.9) 207 (20.2) 
Claa2 326 (96.6) 12 (3.4) 14 (4.0) 352 (34.4) 
Class 3 190 (81.9) 19 (8.2) 23 (9.9) 232 (22.7) - Claa4 161 (69.4) 5 (2.2) 66 (28.4) 232 (22.7) 
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of those lisud in class 4, 72.0% of those lisud in class 3, 76.9% 
of those listed in class 2, and 16.7% of those listed in class 1 
were dead within one month of entry onto the waiting list (Fig. 
2). The differences are highly significant (P<O.OOl). Thus, 
there is a relationship between the UNOS classification of 
medical priority and the urgency of need for a graft. 

The proportion of patients in each UNOS class at the time 
of transplantation according to primary liver disease is shown 
in Figure 3. The proportion of patients in higher-urgency 
classes 3 and 4 was greatest for those with acute hepatic failure 
(97.5%), inborn errors of metabolism (59.4%), or alcoholic 
cirrhosis (53.9%). 

As would be expected, recipient waiting time was significantly 
related to UNOS class: 79.2% of candidates who were in class 
4 at time of transplantation received their graft within one 
month compared with 48.2% of those in class 1, 63.5% of those 
in class 2. and 66.7% of those in class 3 (Fig. 4) (P<O.OOI). 

SurviL>ai after transplantation. Actuarial survival rates (life· 
table method) after primary liver transplantation according to 
sex, age group, and ABO blood type are shown in Figure 5. 
Except for a slight early survival advantage for adult recipients, 
no significant differences in survival were observed. Overall 
survival of infants is now equivalent to the results achieved for 
adults. 

PRIMARY CANDIDATES· TRANSPLANTED 
WAITING TIME BY PRIMARY DISEASE 

ACUTE FAILURE (40) 

POSTNECROTIC (257) 

LAENNEC'S (128) 

BILIARY ATRESIA (77) 

METABOLIC (37) 

PRIMARY CANCER (81) 

o 20 110 10 

% OF CANDIDATES TRANSPLANTED 

.• 2 WEEKS B8 1 MONTH Zi 3 MONTHS 

, s:l 8 MONTHS ~ 12 MONTHS 0 18 MONTHS 

100% 

FIGl"RE 1. The proportion of candidates who received a primary 
graft within specified intervals according to the primary indication for 
liver replacement. The meandering bold line indicates the proportion 
of patients who received a graft within one month of entry on to the 
waiting list. The further the line shifts to the right, the higher the 
proportion of patients receiving a graft within one month. 

Figure 6 presents the survival rates for primary graft recipi
ents based on waiting time accumulated prior to transplanta
tion (Fig. 6A) and UNOS class at the time of transplantation 
(Fig. 6B). Survival was poorest for patients who received a graft 
within one month or between 3 and 6 months after entry onto 
the waiting list (P<O.05). 

There was a highly significant difference in survival rates 
between patients in UNOS class 4 (the most urgently ill) and 
those in the other classes (P<O.OOl). Actuarial survival rates 
(percentage) at 6 months for recipients in UNOS class 1, class 
2, class 3, and class 4 were BB.7±2.9, 82.6±2.1, 78.4±3.2, and 
68 .• ±3.9, respectively. At one year actuarial survival rates 
(percentage) for recipients in UNOS class 1, class 2, class 3, 
and class 4 were 86.8±3.0, 80.6±2.3, 72.3±3.7, and 66.1± 4.1, 
respectively. 

Analysis of Mean and Median Waiting Time 

The mean, standard deviation, and median waiting times 
(days) until transplantation for primary graft candidates who 
were given a new liver are shown in Table 3. Ofthe 812 primary 
candidates who received a graft. 702 (86.6%) were on the 
waiting list for 90 or fewer days, including 526 (64.9%) patients 
who waited 30 days or fewer. The distribution of waiting times 

PRIMARY CANDIDATES· DIED WAITING 
WAITINO TIME BY flNOS CLASS 

CLASS 2 (12) 

CLASS 3 (23) 

CLASS 4 (84) 

p·0.0001 % OF CANDIDATES WHO DIED WAITING 

• 2 WEEKS gJ 1 MONlH f2 3 MONTHS 

&J • MONTHS esJ 12 MONTHS EJ 18 MONlHS 

FIGURE 2. The proportion of candidates who died after 
intervals before a graft could be found according to UNOS 
(medical priority). There were 109 primary candidates who died 
ing. The elect date of death for 4 cases was not known. leavin, 
cases available for analysis. The meandering bold line indicates 
relative proportion of patients who died within one month of entry 

the waiting list. 

TABLE 2. Medical priority (UNOS class) for primary graft candidates 

UNOS class 

2 3 4 

Male 108 (19.0) 199 (35.0) 128 (22.3) 135 (23.7) 569 
Female 99 (21.8) 153 (33.7) 105 (23.1) 97 (21.4) 454 
Infant 20 (23.3) 21 (24.4) 25 (29.1) 30 (23.5) 86 
Child 18 (23.7) 23 (30.3) 17 (22.4) 18 (23.7) 76 
Adult 169 (19.6) 308 (35.8) 190 (22.1) 194 (22.5) 86 
GroupO 84 (19.8) 164 (37.8) 100 (22.8) 91 (20.7) 439 
Group A 88 (21.9) 127 (31.7) 93 (23.2) 93 (23.2) 401 
Group 8 31 (22.1) 42 (30.0) 29 (20.7) 37 (26.6) 139 
GroupAB 4 (9.1) 19 (43.2) 10 (22.7) 11 (25.0) ... 

t 
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PRIMARY CANDIDATES· TRANSPLANTED 
PRIMARY DISEASE BY UNOS CLASS 

~F~LURE(~'~~~~~~~~~~~~~~~~ 
POSnIECROTIC (257) 

LAENNEC'S (121, 

BILIARY ATRESIA (71) 

CMOUSTATIC (124' 

IIIETABOUC (37) 

• CLASS 1 

o 20 4CI 10 
.. OF CANDIDATES TRANSPI.AHnD 

FiGlU 3. The proportion of candidates for a first liver graft in 
each l"SOS class of medical wpncy at the time of trar.splantation 
according to primary liver disease. The meandering bold line separates 
the proportion ofpatienta in higher· risk groups (classes 3 and 4) from 
those in moderate· (claaa 2) and }ow·risk groups (class 1). The further 
the line shifts to the left, the higher the proportion of patienta in 
classes 3 and 4. 

PRIMARY CANDIDATES - TRANSPLANTED 
WAITING TIME BY UNOS CLASS 

CL-'SS , (135) 

CLASS 2 (326) 

CLASS 3 (189) 

CLASS 4 (161) 

o 20 .to 60 80 
'" OF CANDIDATES TIlANSPLANTED 

• 2 WEEKS ~ 1 MONTH 22 3 MONTHS 
§ 6 MONTHS ~ 12 MONTHS 2J 18 MONTHS 

100% 

FIGURE AI. The proportion of candidates who received a primary 
anA within apecified intervals KCOrding to UNOS class (medical 
priority). The meandering bold line separates the proportion of patients 
iD higher·risk groups (classea 3 and 41 from those in moderate· (class 
2) and low· risk (class 1) groups. The further the line shifts to the left, 
the higher the proportion of patients in classes 3 and AI. 

iI skewed by a small number of patients with long waiting 
times, and therefore the median may be a better estimator of 
Clntral tendency for waiting time than the mean. The P \'a]ues 
II the tables are the results of. k sample median test for 
ttferences in median waiting time. Although not shown in the 
WIle, t tests for differences in mean waiting time achieved 
Iimilar levels of significance. The data show that females waited 
llichtly longer than males, infants waited over three times 
blpr than adults, type A patients received a graft slightly 
filter than blood group 0, B, or AB patients-and, as would 
.. expect.ed, waiting time for UNOS class .. patients was much 
"-ter than for others. 

Table .. presents the mean, standard deviation, median 'A·ait· 
"tUDes, and results of the k sample median test for candidates 
-- died before a graft could be found. The distribution of 
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FIGURE 5. Actuarial survival rates for 811 primary graft recipients 
based on se~ CAl. age group (B). and ABO blood group (e). 

waiting times for candidates who died while waiting for a graft 
is also skewed. Of the 109 primary candidates who died before 
a graft could be found, 83 (76.1%) died within 30 days on the 
waiting·list. Only the patients with blood group AB, a very 
small group of patients, and those in UNOS class 1 had accu· 
mulated long waiting times before death. In general, the data 
show a short time to death for most of these patients. 

Except for patients in UNOS class 1 and class 4, waiting 
times were equal and often shorter for patients who died than 
for patients who received a graft. The overall median waiting 
time for all primary transplant candidates who died before a 
graft could be found was 11 days compared with a median 
waiting time of 17 days for those who received a graft 
(P=O.OOO3). 

Retranspiantation Candidates 

Waiting list outcome for 178 candidates for liver retransplan· 
tation according to UNOS class is shown in Table 5. Only 11 
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PATIENT SURVIVAL AFTER PRIMARY UVEA 'TRANSPLANTATION 
TIME ON WAITING UST 
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We did not here address the question of whether or not the 
level of medical care as defined by the UNOS system is the 
best indicator of urgency of need for a graft. Other measures 
such as the classic Child-Pugh score or a multivariate assess
ment such as that suggested by Shaw (4) might or might not 
provide better estimates of urgency of need. Further study of 
alternative methods of assessment is needed. However, we did 
find a significant relationship among UNOS medical priority 
class and waiting time. candidiate mortality, and recipient 
mortality. This suggests a correlation between the UNOS prior
ity class and urgency of need for a graft_ 

We also did not consider here the length of time patients 
were in a particular UNOS class or shifts from one UNOS class 
to another during the waiting period. This information is not 
available in our computer database and would be best acquired 
in a prospective study. 

Also, the definition of class 4 used in this study does not 
strictly adhere to the official UNOS definition. We modified 
the definition for purposes of this report for two reasons. First, 
the UNOS dassification system was modified during the period 
covered in this study. Second, there was misunderstanding in 
the liver transplantation community about the precise defini
tion of class 4 and "UNOS STAT" that resulted in inconsist
encies among centers, including our own, in how patients were 
classified in these two categories. The simplest solution was to 
include all class 4 and "UNOS STAT" patients in a single class 
4. 

The overall mortality of patients waiting for liver grafts at 
this center has not changed significantly since the UNOS 
system was put in place. In the period from September 1986 to 

o 2 4 • 8 
Months after transplantation 

CLASS 1 CLASS 2 CL\SS 3 ClASS 4 

1.!J!!) ~ t~ 1.~.~) 1!!~) 

10 12 April 1987, just prior to the initiation of the UNOS allocation 
system, 46 (11.8%) of 392 candidates were lost before a graft 
could be found compared with 120 (10.0%) of the 1201 active 
candidates lost in the experience reported here. Since the f 
UNOS system was adopted, &4.8% of candidates for a primary 
graft were able to be transplanted within one month of entry f 
on the waiting list. FIGURE 6. (A) Actuarial (life-table) survival rates for graft recipi

ents based on accumulated waiting list time. One month includes all 
patients receiving a graft within 30 days of entry on to the waiting list. 
Thrff mont'" includes all patients receiving a graft more than 30 days 
but within 90 days of entry. Six months includes all patienta receiving 
a graft more than 90 days but within ISO days of entry. One year 
includes all patients given a graft more than ISO days but within 365 
days of entry. (B) Actuarial (Iife·table) survival rates for graft recipi· 
ents based on UN OS class (medical urrency) at the time of transplan· 
tation. 

patients died before a graft could be found. including 1 patient 
in class 3 and 10 patients in class 4. Candidates for third or 
subsequent grafts constituted less than 3% of patients and had 
minimal impact on waiting list outcome. 

DISCUSSION 

The UNOS point system for allocation of liver grafts has 
been operating since October 1987. Some modifications of the 
original point system have been made since its introduction. 
but it has continued to place the greatest emphasis on medical 
urgency, as defined by the level of medical care required by 
each candidate. and waitinc time on the national list. In this 
report, we analyzed the impact of this system for liver allocation 
on candidate and graft recipient mortality rates at a single 
laree liver transplantation center. 

There were few differences in outcome for patients based on f 
sex or ABO blood group. Infants continue to wait longer for a 
graft than adults, but infant survival has improved in our most 
recent experience and now is equal to that achieved in adults. 
Despite the longer waiting times for infants to get a graft and 
a similar proportion of infants in high-urgency classes, the' 
percentage of infants lost waiting for a graft was not any higher 
than that for adults. Adults who died before a graft could be • 
found for them tended to die sooner than infants, but even for i

infanta who died waiting, .t2.9% were dead in only two weeks, 
and by one month 57.2% had died. 

The most remarkable finding in this study is the large pe 
centage of patients in the upper classes of medical urgen 
(23% each in class 3 and class 4) and the significant incre 
in mortality both on the waiting list and after transplantati 
for such patients. Survi,,-al at 6 months after transplantati 
for patients in class 1 at the time of operation was nearly 
compared with only 68% for patients in class 4. 

The original UNOS point system for liver allocation assi 
medical priority according to a six class scale based on s 
and vocational invalidism (or the lower three levels and inc 
ing requirements for hospital based care in the upper 
levels (1). It was hoped that an appropriate balance woul 
achieved between those needing urgent transplantation 
those whose waiting time would accumulate sufficien 
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Male 
Female 

Infant 
Child 
Adult 

o 
A 
B 
AB 

Class 1 
Class 2 
Class 3 
Class 4 

• p "alue for k sample median test. 

n 

811 

459 
352 

68 
61 

682 

340 
315 
119 
37 

135 
326 
189 
161 

Mean 

43.0 

38.2 
49.4 

92.9 
27.5 
39.5 

55.6 
30.1 
39.4 

106.0 

63.6 
«.6 
39.7 
26.6 

SD MediaD 

74.4 17 

69.6 14 0.0019 
79.9 21.5 

111.5 49 0.0000 
34.1 12 
70.6 15 

94.1 21 0.0029 
51.6 12 
58.6 19 

351.3 24 

88.8 32 0.0003 
73.0 19 
65.7 20 
69.8 .. 

TABLE 4. Waiting time: descriptive statistics for primary candidates who died before a graft could be found 

n Mean 

All 109 29.8 

• Male 60 20.5 
Female 49 41.9 

Infant 10 SO.1 
Child 3 39.0 
Adult 96 24.7 

0 51 33.9 
A 43 17.8 
B 11 54.8 
AB 4 39.3 

Class 1 6 160.8 
Class 2 14 28.0 
Class 3 23 38.3 
Class .. 66 14.8 

• P value for k ssmple median test. 

TABLE 5. Fate of candidates waiting {or liver retransplantation 
according to UN OS classification of urgency 

Class 1 
Class 2 
Class 3 
Class 4 
Total 

Transplanted 

3 (75.0) 
9 (90.0) 

15 (83.3) 
133 (91.1) 
160 

Active 

1 (25.0) 
1 (10.0) 
2 (11.11 
3 (2.1) 
7 

Died 

1 (5.6) 
10 (6.8) 
11 

Tow 

4 
10 
18 

146 
178 

SD Median p-

65.3 11 

46.1 10 0.3067 
82.7 13 

99.9 38 0.0324 
55.0 2 
59.8 10 

62.3 12 0.3199 
24.6 10 

147.4 10 
37.6 42 

176.9 98 0.0056 
36.7 13 
69.9 15 
26.7 9 

higher-risk patients in the liver transplant candidate pool, 
and-although the present point system is heavily biased in 
favor of finding these patients an organ-there is a significant 
penalty in mortality, both on the waiting list and after trans
plantation, for having such a large proportion of higher risk 
patients. Nevertheless, although survival for patients in class 4 
at time of transplantation is significantly lower than for other 
groups, it is still above 65% at one year and it would be difficult 
to justify denying linr transplantation to this group of patients. 

The significant number of patients in high-risk categories 
permit them a chance at getting a graft before their medical and the relatively short waiting times accumulated by patients 
condition deteriorated to the point at which survival was jeop- who died waiting suggest that part of the problem continues to 
ardized. The medical priority classification was later reduced be referral of a high percentage of patients in advanced stages 
to four classes, with the lowest class limited to patients not of disease. In this regard it should be acknowledged that the 
hospital-bound, and the other three classes containing the data analyzed here may be subject to a center effect. As the 
hospital-based groups of patients. A fifth category, "UNOS .. largest and oldest liver transplantation program in the country, 
STAT" provides for patients in extremely urgent need who are the University of Pittsbu,p attracts com pies and higher-risk 
expected to live only a matter of days without a graft. Our data cases. The ability of this center to handle a large volume of 
suggest that there remains a disturbingly high proportion of such patients reflects the institutional resources committed 

------------_._-----_._-----
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here to liver transplantation, including hospital beds, intensive 
care facilities, operating rooms, procurement teams, and recip
ient surgeons. Thus, our experience may not be representative 
of some other programs. 

Nevertheless, our results suggest that the system is presently 
serving a larger percentage of patients with advanced degrees 
of illness than is desirable and that remedial measures may be 
needed. The results reported here add emphasis to the need for 
timely referral of patients with irreversible liver disease to the 
transplant center before the patient worsens to the point of 
diminished probability of survival either during the wait for an 
organ or after transplantation. 

Given the increasing demands for restraint in health care 
costs, we are obligated to find ways to improve outcome and 
reduce morbidity. The liver transplant waiting list will continue 
to extract a higher-than-acceptable mortality until we improve 
the risk profile of the patients who are entered onto it. 

ORAL DISCUSSION 

DR. KLEIN (Baltimore, Maryland): My two questions would 
be that in one of your har graphs, 20% of your class 4 patients 
waited between three and eighteen months for a transplant. 
How would you explain that a person who is class 4 can wait a 
year and a half for a transplant? 

DR. GORDON: They didn't wait in class 4, Andy. As I tried 
to emphasize, this is classification at the time of transplanta
tion. Patients who waited that long were not in class .. the 
entire time. They obviously moved up in class and moved into 
class 4 at the time they got the liver. 

DR. KLEIN: My second question would be that of the class 
1 patients, half waited less than 30 days. To what would you 
attribute that very good (ortune? 

DR. GORDON: There is a misperception in the liver trans
plant community that the important competition here is for 
donors. Remember that there are less than a thousand patients 
at anyone time waiting (or livers. In fact, the waiting list is 
usually around 850 patients. Compare that to the thousands of 
patients waiting for kidneys. Also, liver transplants tend to be 
more durable. and once you get out beyond the early period, 
retransplantation rate drops off dramatically, so there is less 
demand to reuse organs for retransplantation long-term. 

The competition here is not for donors. with some exceptions, 
like infants. The competition is for recipients. The reason 
Pittsburgh gets 80 many livers is because we have so many 
recipients. The programs that have been most successful in 
starting up and establishing a place for themselves in trans
plantation of the liver, like the program in Omaha, like Charlie 
Miller's program at Mount Sinai in New York, are the programs 
that have been successful in recruiting recipients. If you own 
30% of the cards in the deck, your card is going to come up 

more often. That's wby the class 1 patients get transplanted in 
Pittsburgh. 

There has also been a complaint that we soak up too many 
livers from around the country in Pittsburgh. To answer that, 
I would remind you that Pittsburgh is one of the few centers 
that actually has a truly national patient population. The livers 
com.e to us from allover the country and so do the recipients. 
I don't see the inequity in that. 

DR. ROBERTS (San Francisco, California): I was looking 
at the abstract and see what you didn't talk about in your 
presentation were the UNOS STAT patients. About 25% of 
your patients are done as UNOS STAT. The surprising thing 
was that only 38% ofthose patients received a graft within one 
week, but only 20% of those patients died while waiting for a 
graft. 

DR. GORDON: Again, you have to be careful to remember 
that some of the UNOS STAT patients shown here did not 
start out at UNOS STAT. and I don't know exactly how many 
of them switched and more importantly, I don't know when 
they switched. 

The UNOS system has been confusing for most of us because 
it started out as a six-class system, but when we proposed the 
point system to UNOS, we didn't recommend the UNOS STAT 
designation. I don't know where it came from. It was conceived 
by some that it was supposed to be based on expected death 
within 48 hr. Then it was supposed to be only acute fulminant 
failure or primary graft nonfunction. Then we changed to a 
four-class system. So the whole system was in a state of flux, 
and the definitions were not clear to everybody during this time 
period. To simplify it, I put all of the UNOS STAT patients 
into class 4, but not everybody in class 4 was UNOS STAT in 
the data that I showed. A good percentage were, but only for 
relatively short periods of time. because I showed results at the 
time of transplantation. 
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