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Abstract
Objective-To analyse the clinical char-
acteristics of patients who died on the
Stanford heart transplant waiting list and
to develop a method for risk stratifying
status 2 patients (outpatients).
Methods-Data were reviewed from all
patients over 18 years, excluding re-
transplants, who were accepted for heart
transplantation over an eight year period
from 1986 to 1994.
Results-548 patients were accepted for
heart transplantation; 53 died on the wait-
ing list, and 52 survived on the waiting list
for over one year. On multivariate analysis
only peak oxygen consumption (peak Vo2:
11*7 (SD 2.7) v 15-1 (5.2) mllkg/min, P =
0.02) and cardiac output (3.97 (1.03) v 4 79
(1.06) litres/min, P = 0.04) were found to
be independent prognostic risk factors.
Peak Vo2 and cardiac index (CI) were
then analysed in the last 141 consecutive
patients accepted for cardiac transplanta-
tion. All deaths and 88% of the deteriora-
tions to status 1 on the waiting list
occurred in patients with either a CI < 2*0
or a Vo, < 12. In those with a CI < 2-0 and
a Vo, < 12, 38% died or deteriorated to
status 1 in the first year on the waiting
list. Patients with CI >i 2*0 and a V02 > 12
all survived throughout follow up. Using a
Cox's proportional hazards model with CI
and peak Vo, as covariates, tables were
constructed predicting the chance of sur-
viving for (a) 60 days and (b) 1 year on the
waiting list.
Conclusions-These data provide a basis
for risk stratification of status 2 patients
on the heart transplant waiting list.

(Heart 1996;75:455-462)
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Waiting lists for heart transplants are increas-
ing in centres throughout the USA and in
many other countries,' 2 the average length of
time patients wait before undergoing trans-
plantation is increasing, and the ratio of
patients dying on the waiting list to patients
being transplanted has risen from 0 07 in 1983
to 0-21 in 1989.3 Within the waiting list popu-
lation the group that suffers most from the
worsening imbalance between the demand for
transplants and the supply of donor organs is

the patients in status 2 (patients not requiring
inotropic or mechanical circulatory support)
who in most centres are transplanted in the
chronological order in which they are accepted
on to the waiting list. Patients who present in
status 1 (requiring inotropic or mechanical cir-
culatory support) or who deteriorate from sta-
tus 2 to status 1, are transplanted ahead of
status 2 patients because of their high mortality
if they remain on the waiting list on circulatory
support. Selecting status 1 patients for urgent
transplantation has been shown to be an
appropriate use of donor organs in terms of
the impact on overall mortality,4 but has
resulted in a high percentage of donor organs
that become available going to these severely
ill patients, with fewer organs remaining for
implantation into status 2 patients.

In this study we examined the mortality in
all patients on the waiting list for heart trans-
plant over an eight year period in order to
define the length of time that patients who
died had been waiting and to determine how
many of the deaths occurred in patients who
had progressed from status 2 to status 1. We
also compared two groups from within the sta-
tus 2 patients on the waiting list who were at
opposite ends of the spectrum for prognostic
risk: those who died on the waiting list; and
those who survived for more than one year on
the waiting list without adverse outcome. By
using this approach it was possible to identify
clinical variables that were independent prog-
nostic indicators and to propose a strategy to
improve our ability to target the available
donor organs for transplant not only to status
1 patients, but also to status 2 patients with a
high risk of death on the waiting list. The policy
suggested has the potential to decrease overall
mortality in patients referred for heart trans-
plant and to avoid performing heart trans-
plants on patients who are unlikely to gain
survival benefit from the procedure.

Methods
The study was a retrospective review of the
clinical records of patients aged 18 years or
older who were placed on the Stanford
University Hospital heart transplant waiting
list between 1 June 1986 and 31 May 1994.
Patients who were accepted for repeat heart
transplants were excluded from the study.
Data drawn from the pretransplant evaluation
database were supplemented from the clinical
files which are kept for each patient referred
for heart transplantation. In instances where
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Table 1 Data collectedfor univariate and multivariate
analysis. Peak Vo2 was measured using a ramp protocol at
10 wattslmin in all patients using an electrically braked
bicycle ergometer coupled to a metabolic measurement cart

Age
Diagnosis (ischaemic, dilated, valvular or other)
Resting heart rate
Systolic blood pressure
Ejection fraction
Serum sodium
Serum creatinine
ACE inhibitor therapy
Central haemodynamics:

Cardiac output
Systolic pulmonary artery pressure
Mean pulmonary artery pressure
Pulmonary capillary wedge pressure
Pulmonary vascular resistance

Exercise variables:
Percentage of maximum predicted heart rate achieved at

peak exercise
Peak oxygen consumption on exercise

Arrhythmias:
History of a sustained supraventricular or ventricular

arrhythmia (including atrial firbrillation, but excluding
frequent ectopy)

Antiarrhythmic drug administration (other than digoxin)

the clinical variables to be assessed were
incomplete in these files, the inpatient hospital
medical records were reviewed.

In the first phase of the study data were

used to define the two patient groups: status 2
patients who died on the waiting list; and status
2 patients who survived for more than one
year on the waiting list without adverse out-
come. Accepted outcomes in the latter group
were: heart transplantation; removal from the
waiting list because of clinical improvement;
or continued listing for transplantation at the
end of the study period without deterioration
to status 1. This analysis was performed in
February 1994 and the two subgroups were
taken from patients accepted onto the waiting
list between 1 June 1986 and 31 December
1993. Data collected from these two sub-
groups are shown in table 1. These data was
subjected to univariate and multivariate analy-
S1S.
To devise a formula enabling the prognostic

indicators identified by this technique to be
used in risk stratification of status 2 patients,
we then performed a further analysis on all
patients in status 2 at entry who were accepted
onto the waiting list between 1 January 1991
and 31 May 1994. (Thirty six of the patients
in this cohort of 114 consecutive patients were
also used as part of the first phase subgroup
analysis.) This time period was used to ensure
that the formula would be based on patients
who had received modem medical treatment
for heart failure. Statistical analyses using
Kaplan Meier survival curves and a Cox's pro-
portional hazards model were performed.

STATISTICAL METHODS
All data were entered into Statview 4-01
(Abacus Concepts). Differences between the
two subgroups (6/86-12/93) in which multiple
clinical variables were assessed (patients who
died on the list and patients who survived for
over one year) were analysed using the two
tailed Mann-Whitney U test for continuous
variables and X2 square test for nominal vari-

ables. Significance was measured at the 5%
level. Variables that were found to have signifi-
cantly different mean values or rates in the two
subgroups on univariate analysis were then
subjected to multivariate analysis using a least
squares analysis (Statview 4-01, Abacus
Concepts) and a stepwise logistic regression
analysis (SPSS for Windows release 5) to
determine which factors were independently
associated with outcome.
From the consecutive patient cohort (1/91

to 5/94) Kaplan Meier survival curves were
constructed using Survival tools for Statview
1 0 (Abacus Concepts). Times of death or
deterioration to status 1 were recorded as
event times and removal from the waiting list
because of transplantation, or any other rea-
son, was treated as a censoring event.
Dichotomisation points for the independent
prognostic variables identified by multivariate
analysis were used to compare patients with
values above and below the selected values.
Differences in survival were determined using
a log rank (Mantel Cox) test. In addition, a
Cox proportional hazard model was con-
structed using the same independent prognos-
tic variables as covariates. Tables giving the
predicted chance of surviving for (a) 60 days
and (b) one year on the waiting list without
death or deterioration to status 1 were calcu-
lated for a range of combinations of individual
values of the independent prognostic variables
using the equation:

Chance of survival to time t = [So (t)]exP(b'x'+b'x")
where So (t) = the baseline survival function,
b' = the coefficient of hazard calculated for
the first prognostic variable, b' = the coeffi-
cient of hazard for the second prognostic vari-
able, and x' and x" = differences from the
baseline values for each value respectively.
Values in text and table 2 are given as mean
(SD)

Results
DEMOGRAPHIC ANALYSIS
A total of 1114 patients was assessed in the
period from June 1986 to December 1993,
and from these 548 (49% of the total) were
accepted onto the waiting list. During the
same study period 53 died on the waiting list,
giving a waiting list mortality rate of 9-7%.
Mortality has been rising during this period, as
shown by comparison with the figures for 1
January 1991 to 31 May 1994, during which
time 23 patients (16%) died. Mean time on
the waiting list for patients accepted between
June 1986 and 31 December 1993 was 127 d,
whereas from 1 January 1991 to 31 May 1994
the mean waiting time was 272 d.

Criteria for acceptance for heart transplantation
The majority of patients accepted on to the
heart transplant waiting list had been referred
because of severe ventricular dysfunction and
recurrent or refractory symptoms of congestive
heart failure. Small numbers of patients were
also accepted who had severe recurrent angina
pectoris or ventricular tachyarrhythmias which
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Figure 1 Time
distribution of deaths of
patients listed as status 2 on
the heart transplant waiting
list; 69% of all deaths in
status 2 occurred in the first
2 months; 66% of all status
2 deaths were sudden
cardiac deaths.
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were considered technically unsuitable or an
unacceptable risk for other forms of treatment
including surgical intervention. Patients were
excluded if they were suffering from significant
co-morbid conditions that were likely to limit
life expectancy independently to less than five
years. Other exclusions were pharmacologi-
cally irreversible pulmonary hypertension
(pulmonary vascular resistance greater than
three Wood units despite intravenous sodium
nitroprusside), a history of severe psychiatric
illness, continuing drug or substance abuse, or
other severe psychosocial dysfunction. During
the period January 1991 to May 1994 the
mean cardiac output and peak oxygen con-
sumption of status 2 patients on medical treat-
ment was 2 1 (SD 0 6) litres/min/m2 and 13-6
(3-8) ml/kg/min respectively. At the time these
measurements were made, 86% were receiving
angiotensin converting enzyme (ACE)
inhibitor therapy.

Death rate
Twenty one of the 53 deaths that occurred
between June 1986 and December 1993 were
patients who were classified as status 1 at the
time of acceptance, and 32 were patients who
were status 2 when accepted on to the waiting
list. The time distribution of deaths in the sta-
tus 2 patients is shown in fig 1. The bulk of the
deaths occurred early after acceptance onto
the list; 69% of all deaths in status 2 patients
occurred in the first two months after accep-
tance. Ten patients who were status 2 at the
time of acceptance progressed to status 1
before death on the waiting list (19% of all
those who died; fig 2). A high proportion of

Figure 2 Distribution of deaths by patient statusfrom the time of assessment and
acceptance onto the waiting list until the time of death.

the status 2 deaths (66%) were sudden cardiac
deaths.

Univariate analysis
Table 2 shows a comparison of the clinical
variables measured in status 2 patients who
died on the waiting list (n = 32) compared
with those of status 2 patients who survived for
more than one year on the waiting list without
an adverse outcome (n = 52). With univariate
analysis using a two tailed Mann Whitney U
test there were four variables that showed a
significant difference between the two groups:
systolic blood pressure, cardiac output, peak
oxygen consumption, and serum sodium.
Differences in other variables such as ejection
fraction, pulmonary capillary wedge pressure
(PCWP) and pulmonary vascular resistance
(PVR) did not reach significance. The two
groups were closely matched for age (51-3
(9 0) in those who died, 51-2 (9 2) in those
who survived). In addition to these variables
we compared: gender, aetiology of heart fail-
ure, arrhythmic history, and ACE inhibitor
treatment. Patients were predominantly male
in both groups (88% of those who died, 96%
of those who survived, NS), ischaemic heart
disease was the commonest diagnosis in each
group (63% v 65%, NS) with the next com-
monest aetiology being idiopathic dilated car-
diomyopathy (28% v 25%, NS). There was
also no significant difference in the frequency
of a history of arrhythmia (59% in patients
who died, v 49% in those who survived, NS)
or in the proportion of patients receiving ACE
inhibitor treatment (86% in patients who died,
v 88% in those who survived, NS).

MULTIVARIATE ANALYSIS
Multivariate analysis of systolic blood pres-
sure, cardiac output, peak oxygen consump-
tion, and serum sodium revealed that only
cardiac output (P = 0-023 by logistic regres-
sion analysis) and peak Vo, (P = 0'012 by
logistic regression analysis) were indepen-
dently associated with adverse outcome,
whether tested by a least squares or stepwise
logistic regression analysis.

Because three of the status 2 patients who
died while on the waiting list survived for more
than one year on the list before death, data
were also analysed excluding these three
patients. There was no significant change in
the results when these three patients were
excluded.

SURVIVAL CURVE ANALYSIS
A total of 141 consecutive patients over 18
years of age who were first time candidates for
heart transplantation, accepted onto the wait-
ing list between 1 January 1991 and 31 May
1994, were subjected to survival curve analy-
sis. These 141 patients represented 25% ofthe
570 assessed during this time. By the end of
the period, 74 (52%) of the patients had been
transplanted, 23 (16%) died on the waiting
list, a further 16 (11%) deteriorated from status
2 to status 1 before transplantation, 12 (9%)
were removed from the waiting list because
their clinical status had improved, and 32

ED Status 1 from assessment to death
_ Status 2 at assessment, Status 1 at death
W Status 2 from assessment to death

[Status 1 at assessment, Status 2
at death, none]
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Table 2 Comparison ofpatients awaitingfirst time transplantation who were classified as
status 2 at the time of acceptance onto the heart transplant waiting list and who
subsequently died on the list (n = 32), and patients from the group who survivedfor a
period of over one year on the waiting list without deterioration to status 1 (n = 52)
(univariate analysis). Values are means (SD)

Waiting list Waiting list
deaths survivors P value

Age (years) 51-3 (9 0) 51-2 (9 2) 0-89
Resting heart rate (beats/min) 88 (13) 84 (16) 0-15
%Maximum heart rate* 73 (14) 80 (15) 0-27
Systolic blood pressure (mm Hg) 98 (16) 106 (14) 0 01
SPAPt (mm Hg) 51 (13) 45 (13) 0 09
Mean PAP* (mm Hg) 35 (10) 32 (9) 0-15
PCWP§ (mm Hg) 23 (7) 22 (9) 0 53
Pulmonary vascular resistance

(Woodunits) 3-3 (2 2) 2-6 (2 5) 0-08
Cardiac output (litres/min) 3 94 (1.16) 4-81 (1-06) 00004
Ejection fraction¶ (%) 17 (8) 18 (7) 0-34
Peak Vo,11 (mi/kg) 11-8 (3.1) 15.3 (5.2) 0-02
Serum creatinine (umol/litre) 122-0 (26 5) 114-0 (26-5) 0-16
Sodium (mmol/litre) 135'6 (4.5) 138*0 (4.3) 0 035
Antiarrhythmics (%) 59 49 0 39

*Percent of predicted maximum heart rate achieved.
tSPAP, systolic pulmonary artery pressure.
tMean pulmonary artery pressure.
§Pulmonary capillary wedge pressure.
¶Left ventricular ejection fraction.
IlPeak oxygen consumption on treadmill exercise.

(23%) were stable and still waiting for trans-
plantation at the end of the study period.

Survival curve analysis in relation to peak Vo2
and cardiac index in patients in status 2 at first
placement on the waiting list
In constructing Kaplan Meier survival curves
for patients above and below specified values of
peak Vo2 or cardiac index, we chose to analyse
both death and deterioration in status from sta-
tus 2 to 1 as a joint end point. This approach
allowed us to develop a strategy designed not
only to decrease mortality on the waiting list,
but also to reduce the number of patients dete-
riorating from status 2 to status 1 before trans-
plantation. In addition it ensured that the main
censoring event, transplantation, was not
affected by non-uniform alterations in clinical
status during the period offollow up. By treating
deterioration to status 1 as an end point, the
only factors affecting the likelihood of undergo-
ing transplantation were time from acceptance
onto the waiting list and the availability of a
donor organ of the correct blood group.

Figure 3 Cumulative
survival (Kaplan-Meier
curves) without death or
deterioration to status 1 in
patients who were classified
as status 2 at the time of
acceptance. (Peak Vo2 =
peak oxygen consumption
-results shown for the 94
patients with peak oxygen
consumption measured at
the time of acceptance).
Timefrom acceptance is
shown in days. Percentage
survival at one year is
shown.

Values for cardiac index and peak Vo, at the
time of acceptance were collected for all
patients initially in status 2 (n = 1 14 patients).
Cardiac index measurements were present for
100% of the patients accepted, and peak Vo2
had been assessed at the time of acceptance
in 94 (82%). Cardiac index measurements
ranged from 1P15 to 3-86 (mean 2-1 (0 56))
litres/min/m2, and peak Vo2 from 5-7 to 23-9
(mean 13-6 (3-8)) ml/kg/min. There were nine
patients with cardiac index greater than or
equal to 3 litres/min/m2 and eight with peak
Vo2max > 20 ml/kg/min. We found that status
2 patients with a CI > 2 litres/min/m2 at the
time of acceptance had a one year survival free
from death or deterioration to status 1 of 83%.
Status 2 patients with Vo2 > 12 ml/kg/
min had a one year survival free from death or
deterioration to status 1 of 82%. In both cases
survival above and below the dichotomisation
points were highly significantly different (fig 3).
Neither variable on its own identified all of
those who died while on the waiting list. We
therefore tried two strategies based on these
dichotomisation points: (1) selecting a group in
which cardiac index was less than 2-0 litres/
min/m2 and peak Vo2 was less than 12 ml/kg/
min, and (2) selecting patients in whom cardiac
index was > 2'0 1/min/m2 and peak Vo2 was
> 12 ml/kg/min. The intention of the first
strategy was to attempt to define high risk
patients to be given priority. The intention of
the second strategy was to identify patients with
a good prognosis in whom transplantation
could be deferred, allowing resources to be con-
centrated on higher risk patients. The percent-
age of patients identified by these two different
strategies is shown in table 3.
The highest risk group with cardiac index

less than 2-0 litres/min/m2 and peak Vo2 less
than 12 ml/kg/min had a very poor prognosis,
with 38% either dying or deteriorating to status
1 during their first year on the waiting list.
Although this group was small, containing only
19% of all status 2 patients on the waiting list, it
contained 38% of all patients who died.
Conversely, a strategy of selecting patients in

Cumulative survival without death or
deterioration to status 1

Impact of cardiac index
on prognosis

1.0

0-8

0.6

0.4

Impact of peak V02
on prognosis

Peak V02 2 12.0
at time of acceptance

(n = 59, 63% of all accepted)
8% Number of deaths = 4

Peak V02 < 12.0
at time of acceptance

(n = 35, 37% of all accepted)
No0-0014

'LNmberof deaths = 9
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Table 3 Percentage of status 2 patients defined by
combinations of values for cardiac index (CI:
litreslminim2) and peak oxygen consumption (Vo2max:
mllkglmin) as percentages of: (1) all status 2 patients in
whom measurements of both cardiac index and peak
oxygen consumption were made at the time of acceptance
for heart transplantation (n = 94), (2) aUl status 2
patients in whom measurements of both cardiac index and
peak oxygen consumption were made at the time of
acceptance for heart transplantation who died on the
waiting list (n = 13), (3) all status 2 patients in whom
measurements of both cardiac index and peak oxygen
consumption were made at the time of acceptance for heart
transplantation who either died or deteriorated to status 1
while on the waiting list (n = 26)

CI<20 and CI> 2-0 and
Vo2max < 12 Vo2max > 12
(n = 18) (n = 37)

Percent of all accepted 19% 39%
Percent of deaths 38% 0%
Percent of

deteriorations to
category 1 and/or deaths 42% 12%

whom cardiac index was > 2-0 1/min/m2 and
peak Vo2 was > 12 ml/kg/min identified a

moderately large group of status 2 patients
(37/94, 39%) in whom the prognosis was

remarkably good with no deaths and only 12%
deteriorating to status 1 on the waiting list
(table 3). (Three of the 20 status 2 patients in
whom peak Vo, measurements were not made
at the time of acceptance died; all had CI < 2-0
litres/min/m2.) Analysis of the survival curves

for the groups selected by the two strategies and
for the remainder of the status 2 population is
shown in fig 4.

Cox's proportional hazards model in relation to

peak V02 and cardiac index in status 2 patients
The coefficient of hazard for a unit increase
from a baseline cardiac index of 2-0 litres/min/
m was - 1493 and the coefficient of hazard

Table 4 Survival fuinctions at 60 d and at one year derivedfrom a Cox proportional hazards modelfor different values of cardiac index (CI) and peak
oxygen consumption (peak V6o)

Change of survival for 60 days free from death or deterioration to status 1
Cardiac index

Peak Vo, 1-0 1-1 1-2 1-3 1-4 1-5 1.6 1-7 1-8 1-9 2-0 2-1 2-2 2.3 2-4 2-5 2-6 2-7 2.8 2-9 3-0 3-1 3-2 3.3 3-4 3-5

6.0 0-16 0.20 0-26 0.31 0.36 0-42 0-47 0-52 0.57 0.62 0.66 0.70 0-74 0.77 0-80 0-82 0.84 0-86 0.88 0-90 0.91 0-92 0.93 0.94 0-95 0.96
6.5 0-19 0-24 0-29 0-34 0-40 0-45 0.51 0-56 0-60 0.65 0.69 0-72 0-76 0-79 0.81 0.84 0.86 0.88 0-89 0.91 0-92 0-93 0.94 0.95 0-95 0.96
7-0 0.22 0-27 0.33 0-38 0.43 0-49 0-54 0.59 0.63 0-67 0.71 0-75 0-78 0-80 0-83 0-85 0-87 0-89 0-90 0-92 0-93 0.94 0.94 0-95 0-96 0-96
7-5 0-25 0-31 0-36 0-42 0.47 0-52 0-57 0-62 0-66 0-70 0-73 0-77 0-80 0-82 0-84 0-86 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0.97
8-0 0-29 0-34 0-40 0-45 0-50 0-55 0-60 0-65 0-69 0.72 0.76 0.79 0-81 0.84 0-86 0-88 0.89 0-91 0-92 0-93 0-94 0-95 0-95 0.96 0.97 0.97
8-5 0-32 0-38 0-43 0-49 0-54 0-59 0-63 0.67 0-71 0.74 0-78 0-80 0-83 0-85 0-87 0-89 0-90 0-91 0-93 0-94 0-94 0-95 0-96 0-96 0-97 0-97
9.0 0-36 0.41 0-47 0-52 0-57 0-61 0-66 0.70 0-73 0.77 0-79 0-82 0-84 0-86 0-88 0-90 0.91 0-92 0-93 0-94 0-95 0-96 0-96 0-97 0.97 0-98
9-5 0-39 0.45 0-50 0-55 0-60 0-64 0-68 0-72 0-75 0-78 0-81 0-84 0-86 0-87 0-89 0-91 0.92 0-93 0-94 0-95 0-95 0-96 0-97 0-97 0-97 0-98
10.0 0-43 0-48 0-53 0-58 0-63 0-67 0.71 0-74 0-77 0-80 0-83 0-85 0-87 0.89 0-90 0.91 0-93 0.94 0-94 0-95 0.96 0.96 0-97 0.97 0-98 0-98
10.5 0.47 0-52 0-57 0-61 0-66 0-70 0.73 0-76 0-79 0-82 0-84 0-86 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0.97 0.97 0.98 0-98 0-98
11.0 0-50 0-55 0.60 0-64 0-68 0-72 0-75 0-78 0-81 0-83 0.86 0.87 0.89 0.91 0-92 0-93 0-94 0-95 0.95 0-96 0.97 0-97 0.97 0-98 0.98 0.98
11-5 0-53 0-58 0.63 0.67 0-71 0-74 0.77 0-80 0-83 0-85 0.87 0.89 0-90 0.91 0-93 0.94 0.94 0-95 0.96 0-96 0.97 0-97 0-98 0-98 0.98 0-99
12-0 0-56 0-61 0-65 0-69 0.73 0-76 0-79 0-82 0-84 0-86 0-88 0.90 0-91 0-92 0-93 0.94 0-95 0-96 0-96 0-97 0.97 0-98 0-98 0-98 0-98 0-99
12-5 0.60 0-64 0-68 0-72 0-75 0-78 0.81 0-83 0-85 0-87 0-89 0.90 0-92 0-93 0-94 0-95 0.95 0-96 0.97 0-97 0.97 0.98 0-98 0-98 0.99 0.99
13.0 0-62 0-67 0-71 0-74 0-77 0-80 0-83 0-85 0-87 0-88 0-90 0-91 0-92 0.93 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-98 0-99 0-99
13.5 0-65 0.69 0.73 0.76 0-79 0-82 0.84 0.86 0-88 0-89 0-91 0.92 0-93 0.94 0-95 0.96 0.96 0.97 0-97 0-98 0.98 0.98 0-98 0-99 0-99 0.99
14.0 0.68 0-72 0-75 0.78 0-81 0-83 0-85 0-87 0-89 0.90 0.92 0.93 0-94 0.95 0-95 0-96 0-97 0.97 0-97 0-98 0.98 0-98 0.99 0-99 0-99 0-99
14.5 0-70 0-74 0.77 0-80 0-82 0-85 0.87 0-88 0-90 0-91 0-92 0-93 0.94 0.95 0-96 0-96 0-97 0.97 0.98 0-98 0-98 0-98 0-99 0-99 0-99 0.99
15-0 0.73 0-76 0.79 0.82 0-84 0-86 0-88 0-89 0-91 0.92 0.93 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0.98 0.99 0.99 0-99 0.99 0.99
15.5 0-75 0-78 0.81 0-83 0-85 0.87 0-89 0-90 0-92 0.93 0.94 0.95 0-95 0.96 0-96 0-97 0-97 0.98 0.98 0-98 0-99 0-99 0-99 0-99 0-99 0-99
16.0 0.77 0-80 0-82 0.85 0.87 0-88 0-90 0.91 0-92 0-93 0.94 0-95 0-96 0.96 0-97 0-97 0.98 0-98 0.98 0-98 0-99 0-99 0-99 0-99 0-99 0-99
16-5 0-79 0-81 0-84 0-86 0-88 0-89 0-91 0.92 0-93 0.94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-98 0-99 0-99 0-99 0-99 0-99 0.99 0-99
17.0 0-81 0-83 0-85 0-87 0-89 0-90 0-92 0-93 0-94 0-95 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-99 0-99 0-99 0-99 0-99 0-99 0.99 0-99
17-5 0-82 0-85 0-86 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-98 0-99 0-99 0-99 0-99 0-99 0-99 0-99 1-0
18-0 0-84 0-86 0-88 0-89 0-91 0-92 0-93 0.94 0-95 0-95 0-96 0-97 0.97 0.97 0-98 0-98 0-98 0-99 0-99 0-99 0-99 0-99 0-99 0-99 1-0 1-0
18-5 0-85 0-87 0-89 0-90 0-92 .093 0-94 0-94 0-95 0-96 0-96 0-97 0.97 0-98 0-98 0-98 0-99 0-99 0-99 0-99 0-99 0-99 0-99 0-99 1-0 1-0
19.0 0-86 0-88 0.90 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0.97 0-97 0-98 0-98 0-98 0-98 0-99 0-99 0-99 0-99 0-99 0-99 0-99 1-0 1-0 1-0
19-5 0-88 0-89 0-91 0.92 0-93 0-94 0-95 0-95 0-96 0-97 0.97 0-97 0-98 0-98 0-98 0.99 0-99 0-99 0-99 0-99 0-99 0-99 1-0 1-0 1-0 1-0
20-0 0-89 0-90 0-91 0.93 0-94 0-94 0-95 0-96 0.96 0-97 0-97 0-98 0-98 0-98 0-99 0.99 0-99 0-99 0-99 0-99 0-99 0-99 1-0 1-0 1-0 1-0

Change of survival for 1 year free from death or deterioration to status 1
Cardiac index

Peak Vo, 1-0 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 1-9 2-0 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 3-0 3-1 3-2 3-3 3.4 3.5

6.0 0-02 0-03 0-05 0-07 0-10 0-14 0-19 0-24 0-29 0-34 0-40 0-45 0-50 0-55 0-60 0-65 0-69 0-72 0-76 0-79 0-81 0-84 0-86 0-88 0-89 0-91
6-5 0-02 0-04 0-06 0-09 0-13 0-17 0-22 0-27 0-32 0-38 0-43 0-49 0-54 0-59 0-63 0-67 0-71 0-74 0-78 0-80 0-83 0-85 0-87 0-89 0-90 0-91
7-0 0-03 0-05 0-08 0-12 0-16 0-20 0-25 0-30 0-36 0-41 0-47 0-52 0-57 0-62 0-66 0-70 0-73 0-77 0-79 0-82 0-84 0-86 0-88 0-90 0-91 0-92
7-5 0-05 0-07 0-10 0-14 0-18 0-23 0-29 0-34 0-39 0-45 0-50 0-55 0-60 0-64 0-68 0-72 0-75 0-78 0-81 0-84 0-86 0-88 0-89 0-91 0-92 0-93
8-0 0-06 0-09 0-13 0-17 0-22 0-27 0-32 0-38 0-43 0-48 0-54 0-58 0-63 0-67 0-71 0-74 0-77 0-80 0-83 0-85 0-87 0-89 0-90 0-91 0-93 0-94
8-5 0-08 0-11 0-15 0-20 0-25 0-30 0-36 0-41 0-47 0-52 0-57 0-61 0-66 0-70 0-73 0-76 0-79 0-82 0-84 0-86 0-88 0-90 0-91 0-92 0-93 0-94
9.0 0-10 0-14 0-18 0-23 0-28 0-34 0-39 0-45 0-50 0-55 0-60 0-64 0-68 0-72 0-75 0-78 0-81 0-83 0-86 0-87 0-89 0-91 0-92 0-93 0-94 0-95
9-5 0-13 0-17 0-21 0-27 0-32 0-37 0-43 0-48 0-53 0-58 0-63 0-67 0-71 0-74 0-77 0-80 0-83 0-85 0-87 0-89 0-90 0-91 0-93 0-94 0-94 0-95
10.0 0-15 0-20 -025 0-30 0-35 0-41 0-46 0-52 0-57 0-61 0-65 0-69 0-73 0-76 0-79 0-82 0-84 0-86 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96
10-5 0-18 0-23 0-28 0-34 0-39 0-44 0-50 0-55 0-60 0-64 0-68 0-72 0-75 0-78 0-81 0-83 0-85 0-87 0-89 0-90 0-92 0-93 0-94 0-95 0-95 0-96
11.0 0-21 0-26 0-32 0-37 0-43 0-48 0-53 0-58 0-63 0-67 0-71 0-74 0-77 0-80 0-83 0-85 0-87 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96 0-96
11-5 0-25 0-30 0-35 0-41 0-46 0-51 0-56 0-61 0-65 0-69 0-73 0-76 0-79 0-82 0-84 0-86 0-88 0-89 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0-97
12-0 0-28 0-33 0-39 0-44 0-50 0-55 0-59 0-64 0-68 0-72 0-75 0-78 0-81 0-83 0-85 0-87 0-89 0-90 0-92 0-93 0-94 0-95 0-95 0-96 0-97 0-97
12-5 0-31 0-37 0-42 0-48 0-53 0-58 0-62 0-67 0-70 0-74 0-77 0-80 0-82 0-85 0-87 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0-97 0-97
13-0 0-35 0-40 0-46 0-51 0-56 0-61 0-65 0-69 0-73 0-76 0-79 0-82 0-84 0-86 0-88 0-89 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0-97 0-97 0-98
13-5 0-39 0-44 0-49 0-54 0-59 0-64 0-68 0-72 0-75 0-78 0-81 0-83 0-85 0-87 0-89 0-90 0-92 0-93 0-94 0-95 0-95 0-96 0-96 0-97 0-97 0-98
14-0 0-42 0-48 0-53 0-58 0-62 0-66 0-70 0-74 0-77 0-80 0-82 0-85 0-87 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98
14-5 0-46 0-51 0-56 0-61 0-65 0-69 0-73 0-76 0-79 0-82 0-84 0-86 0-88 0-89 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98
15-0 0-49 0-54 0-59 0-64 0-68 0-71 0-75 0-78 0-81 0-83 0-85 0-87 0-89 0-90 0-92 0-93 0-94 0-95 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98
15.5 0-52 0-57 0-62 0-66 0-70 0-74 0-77 0-80 0-82 0-85 0-87 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-98
16-0 0-56 0-60 0-65 0-69 0-72 0-76 0-79 0-81 0-84 0-86 0-88 0-89 0-91 0-92 0-93 0-94 0-95 0-95 0-96 0-97 0-97 0-97 0-98 0-98 0-98 0-99
16-5 0-59 0-63 0-67 0-71 0-75 0-78 0-81 0-83 0-85 0-87 0-89 0-90 0-92 0-93 0-94 0-95 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-99 0-99
17-0 0-62 0-66 0-70 0-74 0-77 0-80 0-82 0-84 0-86 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-98 0-99 0-99
17-5 0-65 0-69 0-72 0-76 0-79 0-81 0-84 0-86 0-88 0-89 0-91 0-92 0-93 0-94 0-95 0-95 0-56 0-97 0-97 0-97 0-98 0-98 0-98 0-99 0-99 0-99
18-0 0-67 0-71 0-75 0-78 0-80 0-83 0-85 0-87 0-89 0-90 0-91 0-93 0-94 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-99 0-99 0-99 0-99
18-5 0-70 0-73 0-77 0-79 0-82 0-84 0-86 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-98 0-99 0-99 0-99 0-99
19.0 0-72 0-76 0-79 0-81 0-84 0-86 0-88 0-89 0-91 0-92 0-93 0-94 0-95 0-95 0-96 0-97 0-97 0-97 0-98 0-98 0-98 0-99 0-99 0-99 0-99 0-99
19-5 0-74 0-78 0-80 0-83 0-85 0-87 0-89 0-90 0-91 0-93 0-94 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-99 0-99 0-99 0-99 0-99 0-99
20-0 0-76 0-79 0-82 0-84 0-86 0-88 0-90 0-91 0-92 0-93 0-94 0-95 0-96 0-96 0-97 0-97 0-98 0-98 0-98 0-98 0-99 0-99 0-99 0-99 0-99 0-99
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Cumulative survival without death or
deterioration to status 1

1.0 Cardiac index 2 2.0
88% 88% AND peak V02 212

< 0.8 n= 37, deaths=O

Remaining patients
' 0.6 falling into neither group
XCD .4 63% W1 n =38, deaths =8

0.4-
Cardiac index < 2.0E AND peak VO2 < 12

( 0.2 n = 18, deaths= 5

0 0%

0 1 2
Years from time of acceptance

Figure 4 Cumulative survival (Kaplan-Meier curves) without death or deterioration to
status 1 in patients who were classified as status 2 at the time of acceptance. Patient groups
are stratified in relationship to combinations of measurements of cardiac index and peak
oxygen consumption (peak Voz). Percentage survival at one and two years is shown.

for a unit increase from a baseline peak oxygen
consumption of 12 ml/min/m2 was -0 195.
The baseline survival function for a cardiac
index of 2-0 and a peak Vo2 of 12 was 0-8795 at
60 d and 0-7508 at one year. From these values
survival functions were calculated for a wide
range of different combinations of cardiac
index and peak Vo2 at these two time points
(table 4). For example a patient with a peak
Vo2 of 13-0 ml/kg/min and a cardiac index of
2-4 litres/min/m2 would have a predicted
chance of surviving without death or deterio-
ration to status 1 of 94% at 60 d and of 88% at
one year. In contrast, a patient with a peak Vo2
of 11 0 ml/kg/min and a cardiac index of 1 8
litres/min/m2 would have a predicted chance of
surviving without death or deterioration to sta-
tus 1 of only 81% at 60 d and of 63% at one
year.

Discussion
Estimates from the 24th Bethesda conference
on heart transplantation' were that in the USA
alone 40 000 people under 65 who might benefit
from a heart transplant die each year, but the
number of donor hearts available per year is
currently around 2000. The number of patients
awaiting heart transplants in 1993 was approxi-
mately 2500, with 300 new patients being
added and 150 patients being transplanted per
month. Stevenson et a12 have projected that
within less than four years the candidate pool
will reach 4000 patients, 93% of whom will be
outpatients, but only the 270 critically ill candi-
dates in hospital at any one time will have a
chance of receiving a donor organ.

ANALYSIS OF DEATHS ON THE WAITING LIST
The growing imbalance between the number of
donor organs available and the number of can-
didates has resulted in increases in waiting time,
and the number of deaths on the waiting list
reported to the United Network for Organ
Sharing (UNOS) has been rising steadily, from

98 in the last quarter of 1987 to 207 in the last
quarter of 1991.' The parallel increase in wait-
ing time and rate of death on the waiting list is
also seen in the data from our centre reported in
this study. The mean waiting time for all
patients between 1 January 1991 and 31 May
1994 was 272 days, with a death rate over this
period of 16%. Mean waiting time has not been
reported by UNOS since 1989 but figures for
the overall percentage ratio between patients
accepted onto the waiting list in 1991 and
deaths on the waiting list in the same year (the
comparable figure to the rate we report) can be
estimated from reported UNOS data to be
22%.

CLINICAL VARIABLES AS PROGNOSTIC
INDICATORS
Reporting on the current situation regarding the
use of clinical variables to risk stratify the heart
transplant waiting list, Task Force 3 at the 1993
Bethesda conference observed that "a few studies
have used multivariate techniques to predict
survival, but no consistent objective clinical cri-
teria have emerged".' The variable which has
drawn most attention is the peak Vo2.1 5-10
Although values of 10,9 11,8 12,7 14,6 and 2010
have all been proposed as useful dichotomisa-
tion points to identify high or low risk subsets,
the value most widely accepted derives from the
observation by ourselves5 and by Mancini et a?6
that patients with peak Vo2 greater than 14
ml/kg/min were a relatively good prognosis
group in whom heart transplantation could be
deferred. In the Task Force 3 report, a Vo2 less
than 14 ml/kg/min is given as a probable indica-
tion for heart transplantation, although the
report did not go so far as to include this figure in
its recommendations. The use of the policy sug-
gested by Mancini et al of deferring transplanta-
tion in patients with Vo2 greater than 14
ml/kg/min would have excluded 33% of the sta-
tus 2 patients from the waiting list (slightly less
than the 39% excluded by the application of
cardiac index > 2-0 litres/min/m2 and peak Vo2
> 12 ml/kg/min in our study); however 15% of
all deaths in the status 2 patients occurred in
patients with Vo2 greater than 14. Furthermore
these deaths all occurred within two months
from the time of acceptance; the three monthly
reassessment of peak Vo2 advised in conjunc-
tion with this policy would therefore not have
helped these patients. Using the strategy of car-
diac index > 2'0 litres/min/m2 and peak Vo2
> 12 ml/kg/min, there were no deaths during
follow up in patients satisfying both criteria.

While cardiac output has been identified as
an independent prognostic indicator in at least
one other study,'1 several other variables such as
low serum sodium, raised pulmonary artery
diastolic pressure, left ventricular end diastolic
dilatation, permanent pacing,8 aetiology, New
York Heart Association class, third heart sound,
pulmonary wedge pressure, and mean systemic
blood pressurell have also been found to be
independent risk factors for death in patients
either accepted or referred for heart transplanta-
tion. Some of these variables were significant
univariate predictors of death in our series, but
only peak Vo2 and cardiac index were indepen-
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dently significant on multivariate analysis.
Another study of prognosis in patients evalu-
ated, but not necessarily accepted, for heart
transplantation did not find cardiac index to be a
useful prognostic indicator.'2 However, the
measurements of cardiac index analysed in that
series were made after a period of intensive
medical treatment guided by pulmonary flota-
tion catheter monitoring. Thus the mean values
for pulmonary capillary wedge pressure in that
group were approximately 15 mm Hg, con-
siderably lower than the mean values of
23-24 mm Hg seen in our patients at the time
of initial evaluation. Interestingly the same
investigators observed that in their series, car-
diac index values above or below 2'5 litres/
min/m2 had a significant effect on survival (P =
00005) in patients who were receiving
hydralazine and nitrates rather than angiotensin
converting enzyme inhibitors and nitrates.
While the ability to respond to treatment by
achieving pulmonary capillary wedge pressures
below 15 mm Hg may be a further useful prog-
nostic indicator, this type of intensive inpatient
"tailoring" of treatment is expensive and a prog-
nostic strategy that can be applied without the
need to perform therapeutic manipulation
guided by central haemodynamic monitoring
may be of practical value in many centres.
One of the main problems in applying fixed

indices as practical tools for making decisions
over which patients should go on to the heart
transplant waiting list has been the tendency for
most studies to report the results as survival
curves for groups of patients termed low or high
risk. The problem facing a transplant cardiolo-
gist is to apply mean survival values for a group,
which includes a wide range of different values,
to a patient who may have a measured value just
above or below the cut off value. Although
extrapolation from the results of this study must
be undertaken with caution as the patient popu-
lation may not be representative of all centres
and the data have not been tested prospectively,
the tables giving the predicted chance of survival
without death or deterioration to status 1 for
patients with specific values of cardiac index
and peak Vo2 may be useful in determining
which patients may have a worse chance of sur-
viving one year if transplanted than if main-
tained on medical treatment. It should be
emphasised that the single centre nature of the
study and the limited sample size may result in
the power of risk stratification achieved by the
use of cardiac index and peak Vo2 varying when
applied to different populations.

It has been suggested that patients who have
survived on the waiting list for over nine months
do not to derive survival benefit from transplan-
tation,'3 and it has been proposed that patients
who have survived on the list for this time
should be removed from the waiting list.2 It is
clearly preferable, however, to exclude patients
who will not gain survival benefit from trans-
plantation at the time of evaluation, rather than
after nine months on the list. While reduction of
the current candidate pool may be facilitated by
such a removal policy, it may be difficult for
patients to feel confidence in a decision removing
them after they have been on the waiting list for

nine months. There is also a risk in centres with
small waiting lists and few patients with less
common blood groups that chance fluctuations
in the availability of hearts of a particular blood
group may result in patients with a good
medium term outlook being transplanted inap-
propriately within the nine month period.
Survival probability tables of the type presented
here provide an alternative approach to the
management of such patients who are border-
line for placement on the heart transplant waiting
list.
The anticipated reduction in status 2 patients

of 39% using the cardiac index > 2-0 1/min/m2
and peak Vo2 > 12 ml/kg/min criteria (or a sim-
ilar reduction using a one year death and deteri-
oration survival function of 075) also compares
favourably with the age restriction to an upper
limit of 55 years which it has been suggested
would achieve a 30% reduction in the waiting
list2 and would avoid excluding patients on the
grounds of age who have been found to have
results from transplantation comparable to
those of younger patients.'4

BENEFITS IN PERIOPERATIVE MORBIDITY AND
MORTALITY
In our study 14% of patients who were status 2
at the time of acceptance were transplanted
after progression to status 1. If this number
could be reduced, there is evidence that this
would decrease perioperative morbidity and
mortality. Reports of the influence of require-
ment for inotropic or mechanical support before
cardiac transplantation on mortality following
surgery show some variation between centres
but overall show worse survival after transplan-
tation in patients transplanted from status 1
than with those transplanted from status 2. One
year survival in status 1 patients who have
undergone transplantation has been found to be
between 69%15 and 83%,16 with certain sub-
groups showing a particularly high postopera-
tive mortality. It appears that the combination
of the requirement for status 1 support and the
presence of pulmonary hypertension is very
unfavourable, with a three month actuarial sur-
vival of only 303%.'7 Although UNOS data do
not allow a direct comparison of status 1 and
status 2 patients survival following transplanta-
tion, Bethesda task force 1 reported a one year
survival of 74% for patients requiring ventila-
tion, intra-aortic counterpulsation, or left ven-
tricular assistance before transplantation, with
all other groups having a one year survival
greater than 80%.18

MANAGEMENT STRATEGIES FOR HIGH RISK
STATUS 2 PATIENTS
Reducing the size of the status 2 waiting list by
avoiding accepting patients who are unlikely to
gain survival benefit from transplantation will
tend to reduce the time to transplantation for
the higher risk status 2 patients who remain on
the waiting list. However, it is unlikely that this
measure alone will be sufficient to reduce the
waiting time to within two months from the
time of acceptance. In our patient population,
the majority of status 2 patients who died on the
waiting list did so within two months from the
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time of acceptance for transplantation. To
reduce the numbers of status 2 patients dying
on the waiting list it would therefore be neces-
sary to identify a high risk subset in which early
intervention was warranted. Such a high risk
subgroup could be transplanted ahead of lower
risk patients on the waiting list rather than wait-
ing in chronological order of acceptance, but
this would disadvantage the remaining patients
on the waiting list. An alternative approach
might be to consider entering particularly high
risk patients into prospective trials for new treat-
ments, such as elective implantable left vent-
ricular assistance devices or implantable
defibrillator insertion. The value of such devices
when applied to this particular population is
currently unknown, but data on survival when
implantable left ventricular assistance devices
are used in status 1 patients are very favourable,
particularly after a delay to allow organ recov-
ery,'9 and although such devices have had a less
impressive impact when applied to patients with
poor left ventricular function and recurrent
arrhythmias20 a prospective trial is warranted.
By retrospective interrogation of the devices,
this would provide valuable information on the
type of arrhythmias experienced in these
patients.

SUMMARY
In this study, status 2 patients who were
accepted onto the heart transplant waiting list
with cardiac index > 2-0 litres/minim2 and peak
Vo2 > 12 ml/kg/min had a one year mortality of
zero and a rate of deterioration to status 1 of
12%. Such patients may therefore have a worse
prognosis following transplantation than if they
continue with medical treatment alone.
Conversely, status 2 patients with cardiac index
< 2-0 litres/min/m2 and peak Vo, < 12
ml/kg/min had a very poor prognosis on the
waiting list. Using tables of the type constructed
here from a Cox proportional hazards model, it
may be possible to predict risk of death or dete-
rioration to status 1 from measurements of car-
diac index and peak Vo2 in individual patients.
This approach could be used to specify patients
for whom it would be appropriate either to
avoid transplantation and continue with med-
ical treatment, or to consider early transplanta-
tion or entry into trials of new treatments.
These criteria should be tested retrospectively
on waiting list data bases in other populations
and could form the basis for a prospective
multicentre randomised trial designed to
assess the value of the strategy described in the

management of status 2 patients being listed for
heart transplantation.
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Geneva University Hospital, Geneva, Switzerland.
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