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Too early for cardiac transplantation — the right decision?
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In 109 out of 479 patients who were referred for cardiac transplantation it was considered to be too early to put them on the
waiting list for a donor heart. The clinical course of these 109 patients was analysed in order to verify whether this decision
had been right.

I'he mean age of the patients was 43 yvears, half of them suffered from ischaemic heart disease. The svsiolic lefi
ventricular function of the patients was severely depressed (mean left ventricular ejection fraction 21% ) and the lefi
ventricular cavity was markedly dilated (mean echocardiographic end diastolic dimension 73 mm ). Functional capacity,
measured by bicvele ergometry, was low: mean maximal workload 62% of the expected load for gender, height and age.

T'he median follow-up duration was 31 months. The survival rate of the patients was better than that of 175 patients who
were accepted for transplantation after referval, 92% ,87% ,81%,71% and 73%,73% . 71% ., 68% after 1,2, 3 and 4 vears
respectively. Re-assessment was necessary in 29% of the patients within 1 year and in 52% within 3 years. Twenty patients
died: 12 patients died before re-assessment had been initiated (eight sudden deaths ), six patients because of progressive
heart failure before heart transplantation could be performed and two patients died after heart transplantation.

Left ventricular ejection fraction, pulmonary capillary wedge pressure and transpulmonary gradient were not reliable
predictors of the course of the patients. In retrospect, a systolic blood pressure rise of less than 20 mmHg during exercise
and an echocardiographic ventricular end-diastolic dimension of more than 75 mm helped in defining a subgroup of
patients with an increased risk of clinical deterioration, who needed strict medical supervision after the decision to defer

transplantation.

Introduction

Cardiac transplantation offers a normal life for a
considerable number of years to patients who are severely
incapacitated by end-stage heart disease. However, 1t
remains difhcult to determine the optimal moment to
accept a patient onto the waiting list. The transplant team
has to assess many patients ranging from very sick to
moderately mcapacitated. In each case three questions
should be answered. First, 1s the current situation such
that transplantation should be considered or can the
decision be deferred? Second. can improvement ol func-
tional capacity and survival be expected [rom any therapy
or procedure other than transplantation? And third, what
are the expected benefits in terms of survival and quality
of life [rom cardiac transplantation in this particular
patient? Knowledge of potential reversibility of the
underlying heart disease, of the effects of tailored medical
therapy and of the results of the different types ol con-
ventional surgery 1s necessary to answer the first two
questions. To answer the third question the expected
survival and quality ol hife after cardiac transplantation
must be weighed against the expected survival and quality
ol life with the underlying heart disease.
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In order to evaluate decision making alter referral for
heart transplantation during the first 5 years ol our pro-
gramme. we reviewed the clinical course of those patients
who were relerred lor transplantation, but in whom we
expected that the chinical course would remain stable for
some time, such that transplantation could be postponed.
We report survival and the need for re-assessment ol the
initial decision in these patients. Special attention 1s paid
to factors that can easily be determined and may help to
predict a possible fatality and the need for re-assessment.
despite a presumed benign clinical course.

Patients and methods

Between June 1984 and July 1990, 479 patients were
referred to one of the three hospitals which participate
in the Thoraxcentre Heart Transplant programme, the
University Hospitals of Rotterdam and Leiden and the
St Antonius Hospital in Nieuwegein. The patients were
divided into six groups: patients still under evaluation,
patients who died during assessment, patients ‘too early
to put on the waiting list’, patients in whom conventional
surgery was recommended. patients with contraindica-
tions for transplantation (initially an age beyond 55 years
was considered to be a contraindication) and patients
accepted on the waiting list for transplantation.

The decisions were based on assessment ol the patients
vy cardiologists of the transplant team and/or on written
information from the referring physicians. Criteria used
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to decide that a patient was not (yet) suffering from end-
stage heart disease and that 1t was therefore ‘too early to
put him on the waiting list” despite severely depressed lelt
ventricular function, included a stable clinical course
without the need lor hospital admissions for at least three
months. absence ol dyspnoea at rest, absence ol fluid
retention and/or hyponatremia on oral medication and
the ability to tend onesell. Evaluation in the heart lailure
clinic included physical examination, electrocardiogram.,
chest X-ray. complete blood count. serum electrolyte
determinations, serum urea nitrogen and creatinine,
liver lunction tests. glucose levels, 2-dimensional-
echocardiography and exercise testing. Neuro-hormone
levels were not determined on a routine basis. In most
cases left ventricular ejection fraction (measured by
nuclear or contrast angiography) and coronary anatomy
were already known before referral to the clinic. Recent
haemodynamic data [rom right heart catheterization were
available in some of the patients only.
Functional capacity was determined by upright bicycle
ercometry with workload increments of 10 W . min .
Pedalling speed was 60 revolutions. min . Workload
was expressed as a percentage of the expected maximal
load lor gender. age and height. Heart rate, rhythm, QRS
confi ,__r. uration and ST-changes were monitored continu-

ously. Blood-pressure was measured by armcuff, at rest.
every 2min during exercise at the highest workload

and every 2 min during the recovery period. Subjective
symptoms such as intractable fatigue, dyspnoea. dizziness
and angina pectoris, or objective signs such as increasing
ventricular tachy-arrhythmias or a drop in systolic blood-
pressure caused the test to be stopped. Gas exchange
measurements were performed n a few patients only and
have not been included 1n this report.

The mitial data of all patients who were referred for
cardiac transplantation were stored i a computer
database. Follow-up data were obtained from visits to
the outpatient heart failure Llll‘llC and [rom written
information from the referring cardiologists.

Group data were expressed as means +
the 95% conhdence intervals of the differences between
the means was used to compare
the patient groups (Kaplan-Meier method) and ol patient
characteristics.

Results

Of the 479 patients who were referred for heart
transplantation. 28 were still under evaluation on |

August 1990. Ol the remaining 451 patients, 51 died
before assessment had been completed. In 32 patients

other surgical procedures were recommended and 175
patients were accepted on the waiting list for transplan-
tation. The median waiting time until transplantation
between the end ol 1986 and December 1990 increased
rom 52 to 147 days for patients waiting at home in a
stable condition and from 8 to 30 days for patients waiting
in hospital, dependent on intravenous catecholamines or
iIntra-aortic balloon pump support. Contraindications for
transplantation were present in 84 cases and in 105 cases

SD. Analysis of

survival proportions of

Table 1  Baseline characteristics of 109 patients in whom it was
considered to be too early for cardiac transplantation

Age (years) 43+ 11
Gender
Male 89
Female 20)
Heart disease
Cardiomyopathy 52
[schaemic heart disease 51
Valvular heart disease 3
Other 3
Medication prior to relerral
Digoxine 105
Diuretics 105
ACE inhibitors 84
Antiarrhythmic agents 2
Catecholamines 1.v. 6
Phosphodiesterase inhibitors 0
Left ventricular ejection fraction (%) 2l +1]
LV end-diastohc dimension (echo. mm ') 734+ 13

ACE inhibitors = angiotensin-converting enzyme inhibitors,

we considered 1t to be too early to put the patient on the
waiting list. In another four patients transplantation was
recommended itially but this advice was withdrawn
after chinical improvement and stabilization with oral
medication. These 109 patients are described in this
report.

All patients had been hospitalized at least once for
treatment ol severe congestive symptoms but were in New
York Heart Association class Il or Il at the time of
relerral. Baseline characteristics ol the patients are
presented in Table . The age-range ol 11 to 57 years is
explaimed by our initial policy to exclude young children
and patients over 55 years from cardiac transplantation.
Dilated cardiomyopathy was the underlying heart disease
in hall of the patients. All patients, except four, had been
treated with digoxine and diuretics and, in addition to
these medications, angiotensin-converting enzyme inhibi-
tors were used by 77% ol the patients. Only six patients
had been treated with intravenous catecholamines before
referral. A marked dilatation of the left ventricle (mean
echocardiographic end-diastolic dimension 73 mm) was
found. as was a severely depressed systolic function
(mean left ventricular ejection fraction 21%). Functional
capacity was limited by dyspnoea and fatigue in all but
three patients. In the latter patients angina pectoris was
the main complaint.

Exercise testing was performed in 75 patients. The
maximal workload at bicycle ergometry was 62+ 18%.
Systolic blood pressure at rest was 114+ 15mmHg and
increased by 26 + 19 mmHg on average during exercise.
Heart rate at rest was 97+ 17 beats . min ' and increased
by 50+ 25 beats. min ' during the test. In 38 patients
recent mvasive haemodynamic data were already avail-
able or were collected during the mitial evaluation.
Pulmonary capillary wedge pressure was 23+ 7 mmHg.
Mean pulmonary artery pressure was 32+ 11 mmHg
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considered to be candidates lor transplantation. The upper curve

Survival ol the 109 patients who were not. as vyel.

represents overall survival including the outcome ol the change

ol policy. The lower curve represents ‘event Iree’ or rather

‘re-assessment-Iree” survival. @ =overall survival. + =survival

without re-assessment.

and right atrial pressure was 10+ 7 mmHg. These data

confirm the presence ol heart latlure in this group ol

patients.
The survival rates ol the 109 patients were 92%., 87%.
81% and 71% at 1, 2, 3 and 4 years respectively (Fig. 1).

The clinical course ol 71 patients in whom no change ol

the initial policy, “‘too well for transplantation’, was made

s described in Table 2. Filty-nine patients are alive, 37 of

whom are in functional class I or I1. During follow-up 38

patients were re-assessed 2-40 (median 9) months after

the mitial decision, while 71% ol the patients survived
without re-assessment lor at least 12 months after the
initial evaluation (Fig. 1). In 35 patients heart transplan-
tation was reconsidered and 22 out ol 24 patients who
received a donor heart are alive. In three patients
conventional surgery was recommended and successlully
performed. Duration of follow-up for the whole group
ranged from 3 to 67 (median 31) months with a larger
proportion of patients with a follow-up duration of more
than 4 years in the group without change in policy
(Table 3).

There were no differences 1n age (44 vs 42 years),
distribution of gender (males 76% vs females 86%) and
underlying heart disease (cardiomyopathy 46% vs 50%)
between the patients who survived without re-assessment
and the group of patients who died or were re-evaluated.
The percentage ol patients who used angiotensin-
converting enzyme inhibitors at relerral was lower in the
group ol patients who survived without re-assessment
(66% vs 96%: 95%C1 of the difterence 1s 14-45). The
1aemodynamic parameters and the results of exercise
esting show considerable overlap (Table 4). Nevertheless
eft ventricular end-diastolic diameter was larger and
systolic blood pressure at rest was lower 1n patients who
needed re-assessment or those who died. Furthermore,
59% of the patients who showed a 20 mmHg blood
pressure rise or more during exercise survived without

re-assessment in contrast to 35% of the patients with a less
than 20 mmHg blood pressure rise (Table 4).

A total of 20 patients died. 12 1n the group of patients in
whom no change in policy was considered necessary and
eight in the group ol patients in whom re-assessment took
place. In the first group eight deaths were sudden and
three were due to progressive pump fatlure while one
patient died [rom unknown causes after an episode of
congestive heart lailure. In the second group four deaths
were caused by rapidly progressive heart failure and in
two patients death occurred suddenly. A 53-year-old man
with 1schaemic heart disease and a LVEF of 5% suffered
sudden death at home shortly after calling attention to a
mild increase in dyspnoea. A 22-year-old man with dilated
cardiomyopathy died because ol ventricular tachycardia
deteriorating into ventricular fibrillation after admission
to the hospital because of pneumonia. Survival rates at 6
months, 2 and 4 years in the groups with and without
change i policy did not differ significantly: 97%. 86%.
70% and 97%., 88%. 73% respectively. Although survival
after transplantation at our centre was excellent, 91% and
89% at 1 and 3 years, the survival ol the patients reported
1ere appeared to be better than the survival of the 175
batients who had been accepted on the waiting hst for
ransplantation at the mital evaluation (Fig. 2). This 1s
caused by the fact that. although only 13 patients died
alter transplantation, 34 patients died “on the waiting list’.
before transplantation could be performed.

Discussion

The goal of this study was to vernily whether the
decision, “too early to put this patient on the waiting hst
lor transplantation” had been right. It would be wrong to
withhold cardiac transplantation when really needed but
equally wrong to use scarce donor hearts for patients
who could be expected to hve acceptable hives with therr
own hearts for a reasonable period ol time. Therelore we
analysed survival and need for re-assessment 1n 109
patients whom we considered ‘not yet' candidates for
cardiac transplantation at the time of referral.

Survival of these patients was better than that of the
patients who were accepted on the waiting list for trans-
plantation after referral. However, re-assessment, leading
to a change ol policy. appeared necessary in one third ol
the patients within | year and in hall ol the patients within
3 years. The excellent survival rate 1s, without any doubt.
caused by the timely reconsideration ol the policy and the
ultimate advice to operate (although 11% ol the patients
died suddenly before re-assessment could be considered).
Survival of patients who remained on medical therapy
was better than in most studies ol patients who were
referred to other centres because of intractable heart
(ailure, belore the introduction ol angiotensin-converting
enzyme inhibitors!" V. The survival of the patients was
also better than the 46% I1-year survival rate ol cardio-
myopathy patients with lelt ventricular ejection [ractions
below 25%. considered too well for transplantation i an
earlier report™”. This may be due in part to the fact that
during the first 2 years of the programme many patients
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Table 2 Clinical course in 109 patients in whom it was considered to be too early for cardiac

transplantation (1 August 1990)

#

Died
Alive

No change in policy (N=71)

Refused HTX (alive)
Contraindication HTX (ahve)
Died during re-assessment
Died on waiting list

Alive on waiting hist

Died alter transplantation
Alive after transplantation

Re-assessment

Other surgery

59 NYHA | 5

NYHA Il 31
NYHA 111 |8
NYHA IV 0

Unknown 5

l

I

4

2

3

2

2 NYHA I [ 8
NYHA 1] 3
NYHA 111 I

3 NYHA | 2
NYHA 11 l

H

HTX = heart transplantation, NYHA = New York Heart Association classification.

Table 3 Comparison of follow-up duration in the patients in whom
there was no change in policy and the patients who were re-assessed

No change Re-assessed

Months AL T N ie IR

-6 Y (IB“H}) 3 [30")
7—12 12 (17%) 8 (21%)
[3 24 10 (14%) 9 (24%)
25-36 16 (22%) 12 (31%)
3? 4% |4 []‘\)“n] 6 (lf"l“!u]
49-60 9 (13%) 0 (0%)*
> 60 1 (1%) 0 (0%)

#

¥095%, Confidence Interval for the difference =5-20%.

were referred too early on the mere finding ol severely
impaired lelt ventricular function without allowance for
adaptation mechanisms which may compensate for the
[atling pump. In the first two years of our programme the
percentage of patients accepted on the waiting list after
referral was only 10%. in contrast to 45% 1n 1989 and
1990.

The fraction of patients who died suddenly without
re-assessment 1s 1n accordance with earlier reports indi-
cating that 30 to 60% of deaths in heart failure patients
are sudden” 7. Arrhythmias were the most probable
cause of death in these patients but, as in the patients
who were re-assessed., changes in the degree ol heart
failure may have contributed to the death ol these
patients. Although reports on the predictive value ol
ventricular arrhythmias on the prognosis in heart failure
are contradictory™ ', we recommend 24 h continuous
ECG-recording and to repeat this investigation after
tailoring of heart failure medication 1n all patients
referred for heart transplantation. Furthermore, we
instruct the patients to pay special attention to minor
signs of heart failure and to warn their physician at short
notice il changes occur, such as a gain in weight, upper

Table 4 Comparison of the distribution of parameters of functional
capacity and haemodynamics at referral

N T Or re-assessment
LVEE > 20% 31 48 % NS
<20% 53 59%
PCW <20 mmHg | | 45% NS
>20mmHg 25 56%
TPG < [SmmHg 31 52% NS
> |5 mmHg 7 14%
RA <8SmmHg |2 33% NS
>8 mmHg |2 41%
A BP > 20 mmHg |4 41 % .
<20 mmHg 29 65%
LVEDD) <75 mm 33 33% T
>75mm 24 714%

*05% Confidence interval of the difference: 0-47 (P <0-05).

195% Confidence interval of the difference: 14-67 (P <0-005).
LVEF =left ventricular ejection fraction, PCW =pulmonary
capillary wedge pressure. TPG = transpulmonary gradient (mean
pulmonary artery pressure minus mean capillary wedge pressure),
RA =right atrial pressure, /. BP =change in systolic blood pressure
during exercise, LVED =left ventricular end-diastolic diameter
(echo). N =survivors without reassessment; T = died.

NS =not significant.

abdominal discomfort or the need for an extra pillow
during the night.

Forsix of the 38 patients, in whom the initial decision to
defer transplantation was reconsidered, this change ol
policy came too late. Symptoms of severe heart lailure
made hospital admission necessary. Five of the patients
died either during evaluation or while waiting for a donor
heart. Such deaths may be avoided by earlier recognition
of progression of heart failure by the patient and the
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Figure 2 The survival ol patients considered to be not yet can-

didates for cardiac transplantation compared to the survival of
patients accepted for transplantation. Both curves start at the time of

initial reterral. @ =Too well for heart transplantation, + =accepted
for heart transplantation. Vertical bars represent the 95%
Conhdence Interval.

referring physician resulting 1n rapid referral to the
transplant centre.

Several other studies have analysed predictors ol

mortality in patients with heart lailure and reported a
poor prognosis in patients with low lelft ventricular
ejection fraction. ventricular arrhythmias, high flling
pressures, high transpulmonary gradient. hyponatraemia
and high plasma norepinephrine levels'™”'" "I In practice.
however, these parameters prove to be of little help n
decision making in ambulatory patients. In an attempt to
predict which patients would remain stable. we compared
the available data in two groups of patients: those who
survived without re-assessment and those who died or 1n
whom the nitial policy was revised. This analysis was
retrospective and its value 1s limited by missing data from
some of the patients. Nevertheless, the analysis confirms
that, in patients with severely impaired left ventricular
function, left ventricular ejection [raction, pulmonary
capillary wedge pressure, transpulmonary gradient and
right atrial pressure are not reliable indicators ol the
future course of the disease. In earlier reports indicating
the value of these measurements, more patients with only
moderate ventricular impairment were included which
may explain this apparent discrepancy. Although the
predictive value ol exercise testing in this setting was
unknown until Mancini’s recent report (published after
the completion of this study) we used bicycle ergometry as
an objective measure for functional capacity!'* ="

[t appeared that mortality or the need for re-assessment
were lower 1n patients who showed a 20 mmHg or greater
rise 1n systolic blood pressure during exercise indicating
residual functional reserve of the left ventricle. In patients
with less than a 20 mmHg blood pressure rise during
exercise mortality or the need [or re-assessment was 50%.
Furthermore, re-evaluation was needed less [requently
in patients with moderately enlarged ventricles on
echocardiography.

Instability of symptoms, [requent hospital admissions
and the need for intravenous administration ol cate-

cholamines have been recognized as predictors of a worse
outcome at short notice. especially in patients accepted
for transplantation'!. This was confirmed in the patients
in whom initially transplantation seemed to be., as
yet, unwarranted. since the patients’ condition often
deteriorated rapidly after progression of heart failure.

From our initial experience 1t i1s concluded that the
decision to defer transplantation was justified in most of
these patients. However, revision ol this decision was
needed frequently. Thus, 1t 1s recommended that such
patients are instructed to watch for minor signs of
worsening. Patients should be kept under strict medical
supervision to enable immediate referral to the transplant
centre 1f progression of heart failure occurs. The degree of
rise i systolic blood pressure during exercise and the
echocardiographic dimension of the left ventricle may
help to define the group of patients who need close
observation.

An additional conclusion may be that reporting ol the
results after cardiac transplantation on the principle
intention to treat illustrates the mmpact ol this pro-
cedure on the survival of patients with heart failure more
accurately than the methods used until now.

Future research should be directed towards the
prevention of sudden death in patients with heart lailure.
Persistence ol recurrent ventricular tachycardias or ven-
tricular fibrillation despite optimal medical therapy may
become an indication for urgent transplantation because
of an increased risk of sudden death™. while anti-
arrhythmic therapy may lurther increase pump flailure
without decreasing the risk. One may speculate about the
need [or electrophysiological testing or implantation of
an automatic internal cardioverter defibrillator, not only
in patients with refractory symptomatic sustained ven-
tricular tachycardias or ventricular fibrillation, but also in
patients with non-sustained ventricular arrhythmias who
are otherwise ‘too well for cardiac transplantation'*". The
limited avaitlability of donor hearts and financial
resources, however. means the search for methods for
the identification of those patients who will benefit from
these procedures is necessary. Signal-average electro-
cardiograms may provide such a method by showing late
potentials. Although its usefulness appears to be hmited
to cases of advanced heart lailure, a prospective study in
stable patients being treated with tailored medical therapy
may contribute to the solution of the problem'=".
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