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Decreasing Survival Benefit From Cardiac Transplantation for
Outpatients as the Waiting List Lengthens
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Many patients are accepted for cardiac transplantation during a
period of clinical instability associated with a high risk of death,
even though most can be discharged home to await

Actuarial survival after 1 vear was 67% on toilored therapy
compared with 88% after transplantation (p = 0.009). Death

tion. As the waiting lists lengthen, priority is awarded snleh on the
basis of the waiting time of outpatients, who row usually undergo
transplantation after they have niready survived a major peried of
jeopardy, To determine the impact of the curvent waiting times
and priority system on the previously expected benefit offered by
transplantation, 1-year actuarial survival without transplantation
was recalculated after each month without transpiantation for 214
potential candidates with an ejection fraction of 8.17 = 0.05
discharged on tailored medical therapy after evaluation. These
data were compared with the 1-year survival data of 88 sutps.
tieuts who underwent transplantation.

without tr was sudden in 43 of 51 patients, resuliing
from | ion in 8. For already
surviving 6 munlhs without transplantatien, actuarial survival
aver the next 12 months was 83% without transplantation, Thus,
the expected improvement in survival after transplantation would
be only 5% over the subsequent year for patients waiting &
months, which is the waiting time for many outpatients. Such
patients should be reevaluated to decermine whether transplanta.
tion remains indicated during ‘i next vear.

(7 Am Coll Cardiol 1991;18:919-25)

Many paticnts with heart failure are referred to transplant
centers for evaluation during a period of deterioration when
the mortality rate is high without iransplantation, whether or
not the patient is actually on a waiting list. For such patients,
tailored therapy with high doses of vasodilators and diuretic
drugs often allows stabilization and hospital discharge before
transplantation {1.2). Because of the increasing demand for
transplantation in the setting of a relatively fixed supply of
doner hearts, the average waiting time for outpatients has
lengthened to almost 6 months, frequently to >1 vear (3}
Transplantation in such patients is thus performed in a group
selected by having already survived for an extended period
that encompasses their greatest interval risk because the
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heart faiture survival curve falls most steeply early afier
referral (4,

The current national policy awards outpatient priority
solely on the basis of waiting time. For patieats surviving
after months on the wailing list. stabilization and clinical
improvement frequently occur so that functional capacity is
similar to that after transplantation (2.5). Although these
survivors receive the highesl outpatient priority for the
limited donor hearts, the relative benefit of their late trans-
plantation has not been determined.

The purpose of this sludy was to determine subsequent
survival on taitored medical therapy after evaluation as a
function of the length of time already survived without
transplantation o contrast the expecled survival benefil
SromIate transplantation with the survival benchit expected if
transplantation were performed al the time of initial listing.
It was hypothesized that the difference between subsequent
survival with aad without transplantation would decline as
the waiting time increased.

Metheds

Study paticnts (Table I). All patients with heart failure
referred 1o this cardiac wansplantation program since 985
have undergone a Jdardized baseline ion, includ-
ing clinical assessmenl, echocardiograpty and coronary
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1. Clinical Profife of 214 Patients at the Time Referred for Transplantation

Lnnre

Group
No. of paienls NE) l
Agenn EUEN [Nt
[ V] [ s) 2018177
NYHA funchonil clis BRI 55
Pre ©asodilaton 149214 yey BRI

therapy

Activity Inutation® ERIENIE ] el
Orthopneat 2114 1.3
Rightesided cangestion 18211 0= 14
LVER 0.7 2 0.08 .08
LVEDD imm) N8
Serum Na tmEg litery 13525

Survivops
Medical
Medical Treaument
Treatment Lntil
All Oniy Transplantation
163 n 93
e St 492
RES ) 04300y SBHAITY
LR 35 L 06 WS =06
116 163 (71761 SA47) B (6771
ER IR =09 Arz08
12213 104 14
14=12 1422 14=32
1R = 306 19 = 006 W18 005
RIENT) I HES1
Baza 136 136 = 5

TP RS comparmg sursisors aad possurvivors, F0m a 010 4 wle designed for pients with beprt K
lefi v enineulir end-drastolic dimension: LVEF = lefi vemiricular ejection fractivn, Na = odium; NYI

arteriography and endomyocardial biopsy if indicated. Left
ventricular ejection fraction is calculated from radmnuchde
angiography in most patients and from two-di

Jare (21, CAD = coranary arery disease; LVEDD =
A = New York Heart Assocition

Conscent was obtained for the standard procedures of evalu-
ation and transplantatios without separate Human Subject
Committee considerati

echocardiography in sume paticnts with nonischemic cardio-
myopathy, Activity limitation. orthopnes and right-sided
venous congestion causing splanchnic discomfort or periph-
erat cdema are graded on a scale of 0 to 4 specifically
designed for *his group of paticats (2). Baseline hemodynam-
ics are determined from the results of right heart catheter-
tzation performed while the patient is 1 ng all previ-
ously prescribed medical therapy,

For this study. patients evaliaicd between July 1985 and
lune 1989 were included il they were > 18 yrars of age and
had an cjection fraction =30% and a histery of decompen-
sation with New York Heart Assocuation functional <lass 111
or IV symptoms and could be discharged hume after accep-
tance as a potential cardiac transplunt candidate. Patients
with nonischemic cardiomyopathy of recemt onset (<6
months) whose conditien could be stahilized were not in-
cluded because of the variable time and status of presentp-
tion (in some cases not requiring current hemodynamic
measurements despite previous compremise) and the high
incidence of spontaneous improvement (6} Patienls were
excluded i’ they had standard contraindications that were
considered sufficient to preclude amy consideration as a
candidate duting the nexl 6 months. including patients with
a history of refractory noncompliance (7.%).

Of the 214 palicnts included. 151 were placed on the
waiting list after evaluation. 28 were accepted pending
resolution of miner problems such as smoking. periodontal
disease or financial negotiations and 35 patients were aot yet
able to make the commilment to transplantation. This was o
retrospective study in which patients underwent transplant
evaluation, tailored medical therapy and, in sume cases,
transplantation as routinely performed in this institution.

Study patients. If the routine nghl heart calhe(enzallon
showed two sets of h 4
by 1 hin which the cardiac index was <2.25 liters/min perm®
or the pulmonary capillary wedge pressure was >22 mm Hg.
or both. the pulmonary artery catheter was left in place and
therapy was sysiematically tailored to achieve hemodynamic
guoals of puimonary wedge pressure <15 mm Hg., right atrial
pressure <8 mm Hg and systemic vascular resistance
=1.200 dynes-s-em ", while the systolic blood pressure
was maintained ai =80 mm Hg. as previously described
(1.9~11}. to minimize mitral regurgitation. maximize cardiac
output and improve clinical status in this group of patients.

Therapy was begun with nitroprusside. then replaced by
increasing doses of oral vasedilators litrated to achieve the
sume hemodynamic goals. At discharge. an angiotensin-
converting enzyme inhibitor was prescribed for 108 patients
and hydralazine for 43: isosorbide dinitrate was added in 140
paticnts. Digoxin was maintained to achieve levels of | to
2 ng/ml. except in patients with contraindications. No pa-
licnts received investigitional drugs. Those patieats whose
condition could be stabilized were discharged after instruc-
tion regarding a progressive walking program and a flexible
diuretic regimen adjusted according 10 daily weight. Subse-
s were initially made weekly. then less
often as stability was demonstrated (2).

Cardiac transplantation. During the same period of time,
93 of the 214 adult patients underwent cardiac transplanta-
tion after being discharged te wait at home. There was no
provision among outpatients for more compromised patients
1v receive transplantation first: time on the list was the only
determinant for the recipient of a given blood type and body
sice. The surpical procedure, immunosuppression (triple-
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Table 2. Hemouynamic Profiles on Previous Thesapy and on Tadored Fheraps
Survivars
Mydnal
Medical Treatment
Entire [reatment Lnui
Croup Nomarnn s Al Cnly Transphuntation
No. of patients 213 1 L n 9
Atpeferral
MAP imm Hg) Xbo1” AL EREE]
RAP (mm Hy: 127 13- -
PCW i Ha LU Ty B
Cl liers'min per m’) pIUENTE] 20 an 210k
HR tbeatsiminy LEIENE §i- e EAENT
Serum creatinine 1mg A [ BIEN IR E Pizog
Before dischurge
MAP (mm Hg) PAESE e
RAP (mm Hey LI P
PCW tmm Hg) 45t e
Clilitesvmin per m™) e 2n-un
HR {beatymin) EIENT] CIEE
Serum creatinine tmg dh 13204 1s-0d 1y tizod

*p < 0.0F between survivors and aoasunory Ul
pressure: RAP = right afrial pressure.

< curdiae mden: HR

drug therapy instituted routinely since mid [1986) and routine
surveillance biopsies were performed icording to standard
protocols (8). The program pertfarmance met the griteria and
has received Medicare approvat us u cardice transplant conter.

Statistics. Statistical analysis was performed with use of
the BMDP statistical package (12). Actuarial survival curves
were caiculated according to the Kaplan- Meier method. with
patienls withdrawn from medical foliow-up ar the time of
transplantation. Only the 88 patients rentaining vut ol the
haspital until transplantation were included in the caloulu-
tion of outpatient transplantation survival. Survival curves
were compared by using the Mantel-Cox statistic. Actuarnl
survival was recalculated for the subsequent 1 syear after
each month of survivat without transplantation. The dafter-
ence between that actuarial 1-vear survivab und the actwarial
survival observed for vutpatients who underwent trinsplan-
tation was defined as the expected survival beneht for
survivors on a waiting list. The l-year survival alier trans-
plantation wus considered to be 887 Tor outpatiznts under-
going transplantation. regardless of waiting time.

For purposes of comparison, operative martality riue and
actuarial 1-year survival were alvo caleulated for 64 hospi-
talized puticnts seen during the same dme period who
remained in the hospital untit urgent ransplantation and
were not included with the 214 discharged patients in the
study.

Results
Initial evaluation and tailered thecapy (Tahle 2). The
initial profile of the 214 patients showed an ciection fraction
of 0.17 =

O3 Activity limitation and orthopnea were

heart cate, SR prean artenal pressure, POW = pulmeny capiifacy wevge

marked. Evidence of decompensation at the time of referral
was sich that transplantation was considercd appropriate. as
described by current riteria (7)., Despite previous diuretic
therapy in all patients and vasodilator therapy in 7067 of
puticnts. nugor clevations initially present in pulmonary
capillary wedge and right atrial prossures and systemie
vancular resistanee frequently responded o subscquent ther-
apy tulored t approach normal hemodynanues, as previ-
oushy deseribed (1.2),

Outcome after discharge. Actuarial survival of patients
discharged home en tailored therapy was 670¢ at 1 year
without transplantation (Fig. 11 Death oceurred suddenly or
during sleep 43 of the 51 patients who divd after evaluation
and diseharge. The average time between evaluation and
sudden death was 4 = 4 months. Rehospitalization uniil
death or transplantation oceurred in 11 patieats at 1.7 = 1.2
monthy after evaluation, all within the 1t 6 months. OF these
11, 6 were admitted with refractory fluid reteation, 3 with
unstable anging and 2 with persistent evidence of ischemra
after an episode of sustained ventricular tachycardia. Trans-
plantation wis performed on an inpatient basis in 3 of the 11
patients and the other & dicd of progressive hemodynamic
Tailure. which resulted from new infarction in 2 und was
exacerbated by systemic infection a 2, Two patieats died of
heart failure at home.

By & months after evaluation and discharge. 94 patienis
remained in the follow-up study on tailored medical therapy.
After the Int 6 months. there were 11 sudden deaths: no
natticats died of hemodyramic decompensation or required
readmission 10 await trunsplantation in hospital. By 12
months. 33 patients remained. There were four subsequent
sudden deaths amd no hemedynamic decompensation result-
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Figure 1. Actuarial survival curves calculated according to the

Kaplan-Meier method from the time of evaluation for 214 patients

discharged on medical therapy afier transplant cvaluation, a subset

of 94 patients surviving the 1s1 6 months after evalvation without

transplantation |Tx) and 88 patients from the outpatient wanmg list

aller Numbers in p refer to patients
ining at foll p. Prob = probability of.

ing in death or urgent transplantation in this group. The
follow-up period on medical therapy without transplantation
extended to 24 months for 27 patients.

Survivors versus nonsurvivors. There were no criteria
that reliably distinguished individual survivors from nonsur-
vivors at the time of initial hospital discharge (Tables 1 and
2). Ejection fraction, history of previous vasodilator therapy
and initial hemodynamic variables, including filling pres-
sures, were not different between the two groups. On
average, orthopnea and right-sided congestion were less
sevare, whereas serum sodium was slightly higher and filling
pressures achieved after aggressive therapy were lower in
survivors, who were also slightly older.

Survival of patients undergoing transplantation. Actuarial
survival of the patients who underwent transplantation after
waiting a1 home was 88% at 1 year (Fig. 1), comparable 1o
that reported for other major programs (3,13). This survival
rate is significantly better than the 67% for patients followed
up on medical therapy (p = 0.609). Death after transplanta-
tion for vutpatients was not related to the time spent waiting
for a transplant and resulied from posttransplantation com-
plications of rejection or infection >1 month afier transplan-
tation, except in one patient who died of right heart failure at

days.

Expected survival after waiting. The actuarial survival
measured after iransplantation does not reflect the deaths
occurring in those on the waiting list. Because 75% of the
deaths during 24 months afler evaluation occurred within the
Ist 6 months, the likelihood for survival without transplan-
tation improved in outpalients who survived that initial 6
months. The expected survival for the next 12 months in
patients who had already survived the 1st 6 months was 83%
(Fig. 1). By 9 months after ¢valuation, the projected subsc-
quent 1-year survival was 88%. whether or not transplanta-
tion was performed at that time.
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Figure 2. Improvement in probability (Prob) of I-year survival
(Surv) expected after transplantation (Tx) for patients waiting at
home. The probability of J-year survival without transplantation
was obtained by recalculating the subsequent 1-year actuarial sur-
vival rate afier each monlh of survival Wl(huu( lmnsplamauon for
214 patients discharged after evaluati ex
pected survival rate after transplantation was oblamed in ss pnuenn
who waited a1 home until transplantation.

The 1-year survival benefit was calculated as the differ-
ence between the predicted 1-year survival rate with trans-
plantation and that without transplantation recalculated after
each month afready survived on medical therapy after eval-
uation {Fig. 2). The expecied benefit decreased as patients
waited longer until transplantation and was not evideat at 9
months.

For  purposes of comparison, the 1-year survival rate after

jon was also d for the 64 patients of

urgent status during the same period who underwent trans-

plantation while waiting in the hospital during treatment with

inotropic infusions or mechanical assist devices. Although

the early operative mortality rate in these patients was 6% (4

of 64 patients) compared with anly one carly death in the 88

i with ! the l-year actuarial sur-

vival rate of this group was B4%, which was not significantly
different from the 88% in the outpatient group.

Discussion

Survival with advanced heart failure. This study of 214
outpatients with heart failure who were potential transplant
candidates demonstrates that the major risks are fmm sud-
den death, hemodynamic d or an isch
syndrome during the Ist 6 months after referral. Patients
who have survived that period of jeopardy without trans-
plantation are at much lower risk during the next year; thus,
the survival benefit 10 be expected from transplantation in
outpaticnis after the Ist 6 months is small compared with
that gained by criticatly ill inpatients or that which would be
gained by outpatients who underwent transplantation imme-
diately after evaluation,

The patients in this study are representative of those
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selected for transplantation by current criteria in major
centers (7). Patients with a low ejection fraction without a
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more deterioration, decompensation leading to urgent prior-
ity zr planiation was not seen after the Ist 6 months from

history of clinical d were excluded, as were
outpatients with nonischemic cardiomyopathy of recent on-
set. The severity of compromise of cardia¢ function in the
selected patients is reflected by the clinicul profile. including
an average ejection fraction of 0.17. serum sodium of
135 mEq/liter (14) and class Il or IV symploms. [n addition.
the hemodynamic profile included an average initial cardiac
index of 2 liters/min per m” and pulmonary capillary wedge
pressure of 26 mm Heg. with those patients subsequentiy able
10 achieve the lowest filling pressures on therapy having a
better prognosis. as previously described (15). Eligible pa-
tients refusing 10 accept transplantation were not excluded
from analysis because they have been shown 10 have a high
mortality rate without transplantation (16). The eacly mor-
tality rate in our patients without transplantation is compa-
rable with that of patients awaiting transplantation in five
major centers, reported as 9% lo 225 in 1986 (17) whea
average waiting periods were <3 months. Thus. although the
data on subsequent outcome without transplantation may
retrospectively identify some patients who may not have
needed transplantation when listed. the decisions made at
the time of evaluation were in accordance with current
standard practice.

Survival on tailored medical therapy. As the reported
L-year survival rate after transplantation (13} has improved
from 44% 10 85%. the survival rate in patients with advanced
heart failure on medicat therapy has also improved. In 1978,
patients accepted for transplantation who did not uadergo
the procedure had almost no chance of survival at 6 months
(18). Even in a more recent study (19). patients evaluated
and idered too well for transplantation had poor survival
when subsequent medical care was no1 systematically de-
signed and conlinued. The benefil of empiric vasodilator
therapy for heart failure has been shown in patients with less
severe heart failure in the cooperative Veterans Administra.
tion trial (20) and the CGNSENSUS trial (2. In many
patients who do not respond 1o empirically designed ther-
apy. therapy with vasodilators and diuretic drugs tailored to
hemodynamic goals has allowed hospital discharge and
prolonged survival without transplantation (1.2.13), The
refative benefit of transplantation compared with current
medical therapy should be estimated in groups of pullu\h
such as those in this study. which excluded patients ineligi
ble for transplantation because oi noncardiac illness or
repeated noncompliance. which would alse compromise the
apparent efficacy of medical therapy.

Expected benefits of transplantation. For eligible outpa-
tients with advanced heart failure. survival after transplan-
tation remains significanlly better than that with medical
therapy. However, the major risk for these patients is during
the period early after evaluation. with 75% of deaths occur-
irg during the 1st 6 months. resulting primarily from sudden
death at home a1 an average of 4 monihs after evaluation,
Despite concern that longer waiting times would result in

The relatively high mortality rate early after
rdem[ hus been previously described (4) in paticnts with
heart faiiure.

Survival curves with and without transplantalion are
custumarily compared by starting with the time of transplan-
tation for recipients: thus, the moitality of patients on the
waiting list for transplantation is overlooked. This omission
has resulted in overestumation of the actual benefit of trans-
plantation for outpatients. as currently previded in this era of
a severely limited donor heart supply and long waiting lists.
The benefil for outpatients is not the expected increase in the
L-vear survival rate from 676 to 88% thal would result if all
patients. underwent transplantation at the time of accep-
tance. Instead, with an average waiting time approaching 6
months, the increase expected for the average patient wait-
ing at home would only be from 83 to 88% and would be
cven les the waiting lists continue to grow.

If the survival benefit is less than initially projected for
the waiting list survivor. what are the benefits offered by
transplantation for functional status and quality of life? it has
previously been shown (2,5) that many patismts whose
condition can be siabilized on medicai therapy after evatua-
tion achieve an exercise capacity and self-assessed quality of
life after 1 year that are. although less than those of healthy
idividuals, similar to those achieved by a comparable group
of patients undergoing transpiantation. Qutpatients with
more severe functional compromise that persists despite
prolonged survival while on a waiting list are eenerally
identified by refractory fluid retention unresponsive to a
fexible diuretic regimen. objective exercise testing that
reveals peah oxygen consumplion <12 to 14 mlike per min
(22) or. in some cases, by uncontrollable angina or sympto-
matic ventricular arrhythmias.

Outpatients versus hospitalized patients. This limited ben-
¢t for the average survivor on a waiting list contrasts
sharply with that gained by patients who remain hospitalized
in critical condition until urgent transplantation can be
pertormed. By definition of urgent status, such patients have
a life expectancy of hours or days without ansplantation.
Furthermore. the functional status and quality of life are
obviously unacceptable for such patients, who are bed
bound and dependent on intensive hospilal supparl with
intravenous infusi or h | devices.
Even though such patients may hav: a slightly higher
postoperative mortality rate, their overall survival is cur-
rently comparable ta that of outpatient candidates, bath in
this study and in others (23), if selection is carefully per-
formed. Thus transplantation offers a much larger berefit in
terms of both survival and function when performed in
critically ill patients thar in outpatients on the current
waiting lists.

Limitations. This study is limited by the relatively small
number of palieats available for 2 years of foflow-up without
transplantation. This limitation is inherent in any study of
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potential transplunt candidates. many of whom will eventu-
ally receive an appropriate donor heart and then be removed
from the group of patients with heart failure on medical
therapy. This study was not designed to identify specific risk
factors for deuth in advanced heart failure. which have been
previously addressed (15.22.24-26). In uddition. it was not
designed to demonstrate the efficacy of various medical
regimens, Instead. it was performed to test the hypothesis
that the cxpected survival benefit from transplantation de-
creases as waiting time increases for outpatient did

JACC Vol. 18. No 4
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instability. angina or low maximal oxygen consumption may
indicate the inved need for tr ion (2,22). How-
ever, in the absence of these faciors, patients surviving for 6
months may not derive substantial benefit in functional
capacity or survival from late transplantation.

The psychologic price paid by transplant candidaies on a
waiting list is high, There is a natural reluctance on the part
of both physician and patient to remove from the transplant
list a candidate whose Ilfe has been disrupted by the possi-
bility of immi ion. However, patients whose

recetving tailored medical therapy. as currently available.
from the time of transplant evaluation.

ications for id: lection. The results of this
study support the current policy of awarding higher priority
to critically ill inpatients who are otherwise cligible than to
waiting outpatients (27), in whom the expected benefits are
lower. However, the majority of patients listed and a slightly
smaller majority of patients undergoing transplantation are
outpatients (3). Among these patients, the waiting Jist 1ime is
curremly the major factor in priority, a policy not supported
by this study.

Decisions regarding the selection and priovity for ontpa-
tient transplantation would be facilitated if it were possible
to identify (hose patients in greatest jeopardy for deteriora-
tion or death while on a waiting list, The patients with
obvious hemodynamic instability that persists after adjust-
ment of therapy during transplant evaluation are a1 greatest
risk for hemodynamic deterioration. are easily identified {2)
and are often rehospitalized before transpl ion. How-
ever, for those paticnts whose condition can be stabilized,
the major risk is of sudden death rather than late circulator y
decompensation (2,15,22,28}, Although multiple risk factrs
for sudden death have been identificd, such as low ejection
fraction due to coronary artery disease {15). persisteni high
ventricular filling pressurcs despile aggressive therapy (15).
low exercise tolerance (22.25). low serum sodium (14), atrial
fibriliation (29) and history of previous cardiac arrest (19.30).
these variables are less useful criteria for an individual
patient than for groups of paticnts. The use of prngrammed
electrical stimulation or signal ged elec
has not identificd the majority of patients at risk (JI 32)
There are diverse causes of the sudden deaths that oceur in
patients with heart failure {33). for whom there is not
adequate information at this time regarding the benefit of
specific therapies aimed at prevention,

The ability to better select those outpatients at highest
risk for sudden death, despite currently available drugs and
devices. would allow us to award them a higher priority for
transplantation. If their waiting times were short. the wailing
list mortality rate would be reduced and the expected
survival benefit would be realized. Until we can better select
outpatients at risk. however, the information provided by
the grim natural selection process of the waiting list should
not be ignored. Those patients who survive for 7« manths
without transplentation deserve specific reevaluation, rather
than receiving a higher priority. Persistent hemodynzimic

condition has been stable for 6 months often ask if trans-
plantation is still necessary, For these survivors, the timing
of transplantation is crucial not only to ensure that the
procedure ofters them sufficient immediate benefits, but also
to maximize their total life expectancy (pretransplant plus
positransplant) because long-term survival after transplanta-
tion i< limited by the graft atherosclerasis that affects almost
50% of recipients by 3 years (34).

There are currently twice as many heart transplant can-
didates joining the U.S. waiting list each month as there are
patients aclually undergoing transplantation (27). Criteria for

lection and timing of it ion must evolve to reflect
the increasing impact of this resource limitation (35}. To
maximize the value of cardiac transpiantation, we must learn
how to best match the few available hearts with those
recipients most likely to derive major benefit.
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