
the availability of donors. A method to discriminate be
tween high and low risk patients with regard to mortality
could help rationalize the indication of cardiac transpian
tation and its timing. Of the available measurements, a
diminished left ventricular ejection fraction (LVEF) has
often been associated with mortality (1-4); strata defined
by a 20% cutoff value (3,4) have been prognostically
useful. Measurements of neuro-hormonal system disor
ders, especially those involving the adrenergic system, have
also provided helpful information (5â€”8).However, these
indices are not sufficiently discriminatory and the decision
for heart transplantation remains difficult in individual
patients.

Iodine-l23-metaiodobenzylguanidine (MIBG) has been
used to study cardiac adrenergic nerve activity. Cardiac
MIBG uptake is diminished in patients with congestive
heart failure in comparison with normal subjects (9).
Cardiac MIBG uptake and LVEF are correlated, suggesting
that MIBG imaging could be a useful prognostic marker
(9). However, the prognosticvalue of cardiac MIBG im
aging has not yet been defined in heart failure. The present
study was undertaken to examine the prognostic value of
MIBG cardiac imaging of patients with heart failure in
comparison with noninvasive markers. These markers
were either indices ofleft ventricular systolic function, i.e.,
radionuclide LVEF and echocardiographic fractional
shortening, or indices of left ventricular enlargement, i.e.,
chest x-ray and echographic end-diastolic and end-systolic
diameters.

METHOD

Study Population
Ninety patients, 14 women and 76 men (mean age = 52 Â±7

yr), with at least one episode of decompensated congestive heart
failure, entered the study after fulfillingthe followingcriteria:
congestive heart failure symptoms for more than 6 mo; these
symptoms graded II to IV in the functional classification of the
New York Heart Association; radionuclide LVEF lower than

The prognosticvalueof 123l-metaiodobenzylguanidine(MIBG)
imagingwas comparedwiththat of othernoninvasivecardiac
imagingindicesin ninety patients(mean age = 52 Â±7 yr)
sufferingfrom eitherischemic(n = 24)or idiopathic(n = 66)
cardiomyopathy. Patients had different measurements taken:
cardiac MIBG uptake, radionuclideleft ventricularejection
fraction,x-ray cardiothoracicratio and echographicM-Mode
data. Cardiac MIBG uptake was assessedas the heart-to
mediastinum activity ratio measured on the chest anterior
viewimageobtained4 hr after intravenousinjection.The
patientsthen had follow-upfor 1â€”27mo, at which time 10
patientshad transplants,22 had died and 58 were stillalive.
Data frompatientswith transplantswere not usedin the
analysis,in which multivanatestepwiseregressiondiscnmi
nant analysis showed that cardiac MIBG uptake was more
potentto predictsurvivalthanotherindices:H/M(p< 0.0001),
x-raycardiothoracicratio(p = 0.0017), echographicend
diastolicdiameter(p= 0.0264)and radionuclideleftventricular
ejectionfraction(p= 0.0301).Moreover,multivariatelifetable
analysisshowedthat cardiacMIBG uptakewas alsothe best
predictor for life duration: H/M (p = 0.0001), radionuclide left
ventricular ejection fraction (p = 0.0098) and x-ray cardiothor
acic ratio (p = 0.0139); echographicdata were not useful.
Thus, cardiacMIBG imagingmay be helpfulfor heart trans
plantationdecisionmakingin patientswith heartfailure.

J Nuci Med 1992; 33:471â€”477

he prognosis of patients with congestive heart failure
remains poor. Cardiac transplantation represents an alter
native treatment for the most severe patients who have no
other options. Unfortunately, a discrepancyexists between
the number of candidates for heart transplantation and
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45%;congestiveheartfailurerelatedto a dilatedcardiomyopathy
either idiopathic or ischemic; no concomitant illnesses.

Idiopathiccardiomyopathywas considered to be present (n =
66) whenno significantstenosiswas detectedon the coronary
angiogram (no narrowing greater than 50% of the lumen artery)
andwhenno otherrecognizedetiologywasevident.

All ischemic patients had severe coronary arterydisease (n =
24) based on both clinical history and severe and diffuse coronary
lesions shown on the coronary angiogram. At the time of inclu
sion, these patients were not suitable for revascularization by
surgeryor angioplastyand had no documented acute myocardial
infarction within the previous 6 mo.

Study Protocol
The protocolwas approvedby the ethicalcommitteeof the

Henri Mondor University Hospital and each subject gave in
formed consent. After inclusion in the study, all data were oh
mined over an 8-day period.

Radionuclide LVEF
Each patient was intravenously injected with 15 to 20 mCi of

99mTcin vitro labeled red blood cells. Ten minutes after injection,
a 5000KcountECG-gatedacquisitionwasperformedin the 40Â°
leftanteriorobliqueview.LVEFwascalculatedusinga standard
softwareprogram(10).

MIBGImaging
Lugolsolution (40 mg ofiodure a day) was administeredorally

for 3 days prior to and 3 days after scintigraphic examination.
After a 30-mm resting period, 3â€”4mCi of â€˜23[I]MIBG(Interna
tional CIS) were intravenously injected. A 10-mm static acquisi
tion was performed in the anterior view of the chest, 4 hr after
injection, using a GE 400T gamma camera. Cardiac MIBG
uptake was measured twice by two independent observers una
ware ofthe clinical status ofpatients. Left ventricular activity was
recorded using both a manually drawn and a 7x7 pixel region of
interest (ROl). Size and positioning were checked using the
anterior view of the chest x-ray. Another 7x7 pixel ROl was
placed over the upper mediastinum area. Heart-to-mediastinum
(H/M) activity ratio was then computed to quantify cardiac
MIBG uptake. For each patient, the H/M value was taken as the
averageof measurementsperformedover his scintigraphicimage,
by each observerand using each kind of cardiac ROl.

Control value of cardiac MIBG uptake was determined in 12
subjects (mean age = 39 Â±11 yr) showing no sign of cardiac
disease after clinical, electrocardiographic and echocardiographic
examinations.

MModeEchocardiography
Echographic measurements were performed using standard

recommendations (1 1). End-diastolic and end-systolic diameters
were recorded and the fractional shortening value was calculated.

X-rayCardiothoracicRatio
The x-raycardiothoracicratio was calculatedutilizingthe

maximalcardiacdiameter and the intrathoracicdiameter at the
level ofthe right costocardiac border (12).

PatientManagementand Follow-up
At the time ofinclusion, patient treatmentsincluded:diuretics

(n = 82), angiotensin-converting-enzyme inhibitors (n = 73),
nitrates (n = 48), and digitalis (n = 18). Ischemic patients were
also treated with nifedipine (n = 9), diltiazem (n = 3), metoprolol
(n = 6) and atenolol (n = 2).

After initial examination, patients were followed-up in their
respective institution or by their primary physician. No patients
were lost to follow-up.

When functional statusdeteriorated,hearttransplantationwas
considered for suitable patients (13).

Data Analysis and Statistics
Cardiac MIBG uptake, radionuclide LVEF, x-ray cardiothor

acic ratio, echographic end-diastolic and end-systolic diameter
and fractionalshorteningwerethe parameterstested. To evaluate
the prognostic value of each parameter measured at initial ex
amination, comparisons were made between patients who were
still alive at the end of the study and patients who died during
the follow-up period. Cardiac death was ascertained either as
progressive cardiac failure or as sudden when it occurred within
1 hr of the onset of new symptoms or without premonitory
symptoms. Ten patients underwent heart transplantation, mdi
cated for a refractory heart failure. To evaluate the different
parameters with regard to life duration, patients with transplants
were discardedfrom the final analysis.

Statisticalanalysiswas performedon a Compaq computer with
a Lotus data base and a SAS statistical program package (SAS
Institute,North Carolina).Subgroupsof patients were compared
using varianceanalysis. The value of parametersas predictorsof
survival was assessed using a stepwise multifactorial regression
discriminant analysis (Proc Discrim). The relationship between
life duration and parameters was examined using life table analy
sis and Wilcoxon testing.

For all tests, a p value of less than 0.05 was considered
statistically significant. All parameters were expressed as mean
value Â±standard deviation.

RESULTS

Parameters Measured at Time of Inclusion
Noninvasive Hemodynamic Parameters. Patients had

altered indices of left ventricular systolic function (radio
nuclide LVEF = 22%Â±8% and echographic fractional
shortening = 17 Â±5 mm), as well as a cardiac enlargement
(x-ray cardiothoracic ratio = 55%Â±6%) associated with a

dilated left ventricle (echographic end-diastolic diameter
= 67 Â± 8 mm).

MJBG Cardiac Uptake. Intra- and interobserver differ
ences for H/M activity ratio measurements were not sig
nificant (< 5%). As shown in Figure 1, when calculated
using either the 7x7 pixel or the manually drawn myocar
dial ROI, H/M values were well correlated (r = 0.89, p =
0.0001). MIBG data presented afterward were therefore
calculated using the 7x7 pixel ROl.

Cardiac MIBG uptake decreased in patients (H/M =
l22%Â±15%) compared with controls (H/M = l96%Â±
33%, p < 0.001). Figure 2 showsa scintigraphicimage of
cardiac MIBG uptake in a patient and in a control subject.
Cardiac MIBG correlated positively with LVEF (r = 0.50,
p < 0.001) (Fig. 3). Cardiac MIBG correlated negatively
with both x-ray cardiothoracic ratio (r = 0.50, p < 0.001)
and echographic end-diastolic diameter (r = 0.28, p <
0.01).
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TABLE1Comparison
Amongthe Predictorsfor SurvivalUsingMultivariate

Analysis(IncludingMIBGUptakeCalculatedwith
a 7 x 7 PixelROl)Parameter

Fisher pvalueHeart-to-mediastinum

activityratioof 87<0.0001MIBG
(7 x 7 pixelROl)X-ray

cardiothoracicratio 100.0017Echographic
end-diastolicdiameter 50.0264LVEF

5 0.0301

50

r = 0.50, p < 0.001

80 100 120 140 160 180

H/M with 7Â°7pixel ROl (%)

FIGURE 3. RelationshipbetweenradionuclideLVEFand the
H/M activity ratio, used as an index of cardiac MIBG uptake, in
patientswithheartfailure.The two variablesare correlated,but
thecorrelationisweak(r = 0.50, p < 0.001).

either the 7x7 pixel or the manually drawn ROl to meas
ure cardiac MIBG uptake (Tables 1 and 2, respectively).
Moreover, when the analysis was performed separately in
the two subgroups of patients with either ischemic or
idiopathic dilated cardiomyopathy, differences were oh
served, but the H/M value remained the most important
predictor for survival whatever the type of ROl used for
quantification (Tables 3 and 4). The value ofthese param
eters as predictors of life duration was examined using
multivariate life table analysis. The only significant pre
dictors of life duration (Table 5) were: H/M (p < 0.0001),
radionuclide LVEF (p = 0.0098) and x-ray cardiothoracic
ratio (p = 0.0139). Echographic data were not useful.

A threshold value of 20% was used to evaluate the
accuracy ofLVEF to predict survival: sensitivity was 90%,
specificity 79%, positive predictive value 62% and negative
predictive value 95%.

A threshold value of 120% was found for H/M; lower
values had a poor prognosis. When using this cutoff value
to predict survival, sensitivity was 95%, specificity 93%,
positive predictive value 84% and negative predictive value
98%.

Survival curves with a threshold value of2O% for LVEF
and 120% for H/M are shown in Figures 4 and 5, respec
tively.

FIGURE 1. Relationshipof H/M activityratiomeasuredeither
with the 7x7 pixel or the manuallydrawn AOl. The two H/M
valuesarewellcorrelated(r = 0.89, p = 0.0001).

Clinical Outcome
Twenty-two patients died (6 sudden deaths and 16

deaths related to progressive cardiac failure: subgroup D).
Ten patients underwent heart transplantation (subgroup
T). The remaining patients (subgroup A, n = 58) were
alive at the end ofthe follow-up period, which was 7 Â±1.1
mo for subgroup D, 3.9 Â±1.5 mo for subgroup T and 14Â±
5.5 mo for subgroupA.

Prognostic Value of Parameters
Multivariate analysis revealed that the only predictors

for survival were: HIM (p < 0.0001), x-ray cardiothoracic
ratio (p = 0.0017), echographic end-diastolic diameter (p
= 0.0264) and radionuclide LVEF (p = 0.030 1). The other

parameters (x-ray cardiothoracic ratio, fractional shorten
ing end-systolic diameter) did not contribute significantly
to predict survival. Results were comparable when using

FIGURE 2. Scintigraphicimagesobtainedintheanteriorview
of thechest4 hrafterMIBGintravenousinjection.CardiacMIBG
uptakeis quantifiedas the H/M activityratio,usingROlsposi
tionedover the heart (H)and over the upper mediastinum(M). In
thenormalsubject(left),the leftventricularmyocardiumiseasily
individualizable,indicatinga highleftventricularuptakeof MIBG.
A highbut nonspecificuptakeis observedin the liver.In this
patient(right),a decreaseincardiacMIBGuptakeisobserved.
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TABLE4Multivariate
Analysisin Patientswith EitherlschemicorIdiopathic

CardiomyopathyUsingthe ManuallyDrawnAOlTo
CalculateH/MValueslodiopathic

Ischemicpatients
patientsParameter

Fisher p value Fisher pvalueHeart-to-mediastinum

activity 35 <0.0001 160.0006ratio
ofMIBGEchographic

end-diastolic 5 0.02 â€”â€”diameterLVEF

4 0.05 5 0.02

TABLE2Companson
Among the Predictors for SurvivalUsingMultivariate

Analysis (Including MIBG UptakeCalculatedwith
a ManuallyDrawnROl)Parameter

Fisher pvalueHeart-to-mediastinum

activityratio of 53<0.0001MIBG
(usingmanuallydrawnROl)X-ray

cardiothoracicratio 90.002Echographic
end-diastolicdiameter 50.0254LVEF

8 0.004

TABLE 3
MultivariateAnalysisin Patientswith Eitherlschemicor

IdiopathicCardiomyopathyUsingH/M Valuesanda 7 x 7
PixelROl To CalculateH/MValuesIdiopathic

lschemic
patientspatientsParameter

Fisher p value Fisher p value

ParameterFisherpvalueHeart-to-mediastinum

activityratioof37<0.0001MIBGLVEF60.0098X-ray

cardiothoracicratio60.0013

DISCUSSION

The major finding ofthe present study was that the level
ofcardiac MIBG uptake was closely related to life duration
and appeared to be a potent prognostic index when corn
pared to noninvasive indices ofleft ventricular function in
either ischemic or dilated cardiornyopathy patients.

Many reports have concerned various approaches to
distinguish high and low risk populations in patients with
congestive heart failure. In most ofthese studies, prognos
tic indicators have involved hernodynamic parameters (1â€”
4,14â€”18).Data showed that x-ray cardiothoracic ratio (19)
and echographic end-diastolic diameter (16) were related
to prognosis. Our data agree with these findings. Similarly,
LVEF has been associated with mortality in several sam
ples, including either idiopathic cardiornyopathy or idi
opathic cardiomyopathy and ischernic patients (1-4).
Moreover, LVEF is a more potent prognostic marker than
right heart catheterization measurements (2,4). This sug
gests that LVEF is a good index to guide indications of
heart transplantation and its timing (4,20). However, a
predictive value for survival of only 59% was reported for
LVEF when using a threshold value of 20% (20). In the
present study, a similar predictive value (62%) was found
when using the same threshold value. However, this pre
dictive value appears to be insufficient to accurately define
the high risk of mortality for individuals.

Increasing attention has therefore been given to indices
ofadrenergic dysfunction as prognostic markers (5â€”8,20).
An inverse relationship between circulating norepineph
sine level and life duration has been observed (6,8). How

ever, no single cutoff point for plasma-norepinephrine
concentration appeared to be both highly sensitive and
specific to predict mortality (8). Moreover, plasma nor
epinephrine derived from adrenergic activity throughout
the body, and the circulating concentration of this neuro
transmitter may not be an accurate index of changes of
cardiac adrenergic activity. Alterations of neuronal func
tion may be important to consider in the failing myocar
dium since abnormalities of norepinephrine release and
reuptake as well as decreased norepinephrine content have
been reported (21,22).

Part of these abnormalities can be scintigraphically cx
plored using MIBG, radiolabeled with 1231,125!or â€˜@â€˜I,since
it shares the same uptake and storage mechanisms as
norepinephrine. It is unmetabolizable by catechol-O
methyl transferase or monoamine oxidase (23). Two types
of uptake systems for norepinephrine and MIBG have
been identified in adrenergic tissues: the uptake one system
(neuronal uptake) that dominates at low concentrations of
the substrates is sodium- and ATP-dependent and is inhib
ited by tricyclic antidepressants; the uptake two system
(extra neuronal uptake), a diffusion system that dominates
at high concentrations of norepinephrine or MIBG and is
slightly inhibited by tricycic agents (24â€”26). However,
neurons of the heart may also sequester MIBG by the
diffusion pathway. Indeed, Sisson et al. have identified
quantitative differences between tritiated norepinephrine
and MIBG that may be attributable to partial neuronal
uptake ofMIBG by the diffusion pathway (24). However,
MIBG administered at the low doses used for clinical
applications may enter mainly through the uptake one
pathway (26). Moreover, a ten-fold difference in cardiac
MIBG uptake was found between heart transplanted pa
tients and normal subjects, suggesting that MIBG uptake

TABLE 5
Predictorsof LifeDurationUsingLifeTableAnalysis

Heart-to-mediastinum activity 67 <0.0001 17 0.0004
ratioof MIBG(usingthe
7 x 7 pixelAOl)

Echographicend-diastolic â€” ns â€” ns
diameter

LVEF â€” ns 6 0.02
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cardiac MIBG uptake has been used to explore neuronal
norepinephrine uptake and storage functions in heart fail
ure. In patients with idiopathic cardiomyopathy, Hender
son et al. reported a noticeable increase in MIBG washout
and a greaterheterogeneity of cardiac MIBG distribution
in comparison with controls (29). The ability of scintig
raphy to measure cardiac MIBG uptake has been tested in
patients with idiopathic cardiomyopathy. Schofer et al.
showed a correlation (r = 0.78, p < 0.001) between 123[IJ
MIBG activity scintigraphically determined and MIBG
activity measured from endomyocardial biopsy samples
(9). In this last study, myocardium-to-mediastinum activ
ity ratio significantly correlated to myocardial norepineph
rimecontent (r = 0.63), suggesting that a decreased MIBG
uptake is related to a disruption of the sympathetic inner
vation.

Quantification of myocardial MIBG activity on scinti
graphic images had technical limitations. Tomographic
imaging provides an opportunity to study the myocardial
distribution of MIBG uptake (29). In the present study,
the drastic decrease in MIBG uptake in severe patients
induced difficulties for image reconstruction, therefore
hindering the use of tomographic imaging in routine cx
amination. Planar imaging was used to quantify cardiac
MIBG uptake. This discrepancy with Henderson's study
may be due to the low doses of MIBG used in our study.
However, planar imaging has limitations of its own. The
ideal cardiac ROl should include myocardial activity and
exclude adjacent lung and liver activities. Ventricular en
largement may induce an underestimation of the myocar
dial activity. Pulmonary crosstalk in the cardiac ROl may
induce an overestimation of the myocardial activity. The
activity measured over a cardiac ROl is therefore a crude
estimate of the actual activity. For these reasons and to
minimize the effects of individual attenuation, cardiac
activity has to be normalized to enable comparisons be
tween different subjects. No anatomic structure showing
MIBG uptake can be individualized in the upper medias
tinum on scintigraphic images, suggesting that this is a
non-target area for MIBO. In the present study, the upper
mediastinum was therefore used for normalization. Car
diac MIBG uptake was evaluated as the heart-to-medias
tinum activity ratio. Such an index may be a simple and
reproducibleway to allow the evaluation ofa largenumber
of patients. Interestingly,when using either the 7x7 pixel
or the manually drawn ROl to quantify cardiac MIBG
uptake, H/M values were closely correlated and similar
prognostic values were obtained. This result can appear
surprising since the manually drawn ROl is thought to be
more appropriate than the 7x7 pixel to encompass the
entire heart and to take into account the heterogeneities
of MIBG uptake which have been previously described,
especially in ischemic patients. This can be explained by
the fact that when MIBG uptake is low, as it is in heart
failure, the myocardium can be barely individualized
from the enlarged left ventricular cavity, the heterogenei
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FIGURE 4. Survivalcurve, usinglife table analysis,with a
thresholdvalueof 20% for LVEF.A largedifferenceis seenfor
survivalbetweenpatientswith a LVEF lower (dottedline)or
greater(unbrokenline)than20% (p< 0.001).

is highly dependent on the integrity of neuronal uptake in
the human heart (27). Since the neuronal accumulation
of MIBG reaches its maximum 4 hr after injection, MIBG
imaging performedat this time may be the most accurate
method to explore neuronal norepinephnne uptake func
tion (28).

MIBG imaging represents a tool to assess adrenergic
presynaptic activity in heart diseases. Measurement of

FIGURE 5. Survivalcurve, usinglife table analysis,with a
thresholdvalueof I 20% for H/M activityratio.A strikingdiffer
enceis seenfor survivalbetweenpatientswith H/M lower(dotted
line) or greater (unbroken line) than 120% (p< 0.001). When
comparedto Figure 4, this graph shows that survival is much
poorer in patientswith an H/M below 120% than in those with a
LVEFbelow20%.
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ties of fixation being only minor or not detectable with
planar imaging. The size of the cardiac ROI in such
patients does not appear as a significant factor in MIBG
uptake quantification whatever the etiology of the heart
failure.

The decrease in MIBG uptake found in patients with
heart failure remains to be explained. A decreased cardiac
MIBG uptake could simply be due to a dilated left ventn
dc. The relationship between MIBG uptake and indices

of ventricularenlargement was therefore examined in the
present study. However, if the decreased MIBG uptake
correlated with indices of ventricular enlargement, this
correlation was weak and similar to the correlation be
tween MIBO uptake and indices of left ventricular func
tion. This correlation may simply be due to the fact that
MIBO uptake and indices of ventricular enlargement are
linked to the severity of heart failure.

In the present study, the decreasedMIBO uptake found
in patients with heart failure is likely to be related to an
impairment of the neuronal uptake function. This agrees
with other data demonstrating an impairment of the up
take one function in the failing heart when using other
techniques (21). However, an elevation of circulating nor
epinephrine concentration occurs in patients with heart
failure (5-8); this elevation could compete with MIBG
uptake at the receptor site. Indeed, in patients with pheo
chromocytoma, Nakajo et al. found that the cardiac MIBG
accumulation at 24 and 48 hr after injection was inversely
related to plasma concentrations and urinary excretion
rate of catecholamines (30). In the present study, plasma
catecholamine concentrations of patients were not deter
mined. However, in another study, a decreased cardiac
MIBG uptake associated with normal circulating norepi
nephrine concentrations has been observed in patients
with moderate heart failure (31). This finding suggests that
the elevation ofcirculating norepinephrineconcentrations
is not the only factor involved in the decrease of MIBO
uptake. Further studies are needed to define the respective
role of elevated circulating norepinephrine and impaired
neuronal norepinephrine reuptake in the decrease of
MIBG uptake.

In conclusion, the presentdata demonstrate that cardiac
MIBO scintigraphy is a potent prognosis marker when
compared to noninvasive hemodynamic indices. When
using a cutoff value of 120% for heart-to-mediastinum
ratios, MIBO imaging has a high predictive value for
survival. Moreover, decreased MIBG uptake is better re
lated to life duration than is LVEF. Thus, MIBG imaging
can be helpful in patients with heart failure in making
heart transplantation decisions and evaluating their
timing.
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EDITORIAL

Prognosisin CongestiveHeart Failure:What InformationCan
BestPredictthe Future?

pendent predictors of mortality and
confirmed that the higher the plasma
norepinephrine level, the greater the
likelihood of death due to progressive
CHF, this type of neurohumoral pro
filing is rarely undertaken in the initial
evaluation of patients with heart fail
ure.

The relationship between left yen
tricular ejection fraction (LVEF) and
survival varies depending upon the
population study. This relationship is
strongest in postmyocardial infarction
populations, including those with
symptomatic CHF. An LVEF less
than 0.30 has consistently been shown
to be predictive of excessmortality in
patients whose CHF is due to ischemic
heart disease. The association between
LVEF and outcome in patients with
idiopathic dilated cardiomyopathy is
less clear, although it certainly exists
when systolic function is markedly
impaired (LVEF less than 0.20). Only
recently has impairment in right yen
tricular ejection fraction become rec
ognized as an important indicator of
prognosis in CHF patients (9). Quan
titative assessment ofmaximal oxygen
uptake with treadmill or bicycle er
gometry can add objective prognostic
information. A peak oxygen uptake of
less than 10â€”12ml/kg/min has been
associated with a 1-yr mortality rate
approaching 80% (10). Despite the
useful prognostic information derived
from these studies, efforts to extrapo
late from the group data the predic
tion ofoutcome in an individual CHF
patient have proven problematic and
arguesthe need for better noninvasive
diagnostic modalities.

T he incidence ofchronic congestive
heart failure (CHF) has increased

drastically during the past decade,
with over three million patients in the
United States affected. Approximately
400,000 new cases of heart failure are
diagnosed each year, despite the wide
spread use ofantihypertensive therapy
and the advances made in acute inter
vention during myocardial infarction.
CHF is currently the most common
hospital discharge diagnosis in pa
tients over 65 yr of age. Although
ischemic heart disease accounts for
the majority of cases, other etiologies
include hypertensive heart disease, di
lated cardiomyopathies (particularly
idiopathic, alcoholic, and those con
sequent to viral myocarditis), and pro
gressive valvular heart disease. Once
overt heart failure symptoms have de
veloped, death is usually inevitable,
with progressive heart failure account
ing for 60% of deaths and sudden
deaths the remainder (1).

Despite major advances made in
the medical and surgical treatment of
patientswith impaired left ventricular
function and symptomatic CHF, it
has become evident that a high mor
tality rate is still associated with
chronic heart failure. The Framing
ham Study suggested a 10% annual
mortality rate once symptoms had de
veloped (2). The recently published
V-HeFT II and SOLVD studies re
ported 5-yr mortality rates approach
ing 50% despite medical therapy (3,
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4). The CONSENSUS trial reported a
1-yr mortality in patients with severe
NYHA Class IV symptoms of 52%
despite vasodilator therapy (5). The
need to prospectively identify those
CHF patients who are at greatest risk
for early mortality has become in
creasingly important since cardiac
transplantation may serve as an effec
tive treatment option for at least a
subgroup of these individuals. A va
nety of mortality studies have identi
fled clinical, hemodynamic, and lab
oratory factors that correlate with out
come in CHF patients and have
recently been summarized in a review
by Vagelos et al. (6). Factors associ
ated with increased mortality include
heart failure etiology, severity of right
and left ventricular systolic dysfunc
tion, extent of neurohumoral and
sympathetic nervous system activa
tion, degree of hemodynamic de
rangement, presence ofventricular ar
rhythmias, and degree of functional
impairmentâ€”eitherdetermined symp
tomatically by NYHA classification
or objectively on exercise testing.

Clinical features that have proven
useful in predicting poor outcome in
dude age greater than 55 yr at pres
entation, cardiothoracic ratio greater
than 0.55 by chest ifim, the presence
of a chronic third heart sound, and
evidence for right heart failure (7).
Most studies have confirmed that
CHF due to ischemic heart disease is
associated with a poorer prognosis
than that associated with idiopathic or
alcoholic cardiomyopathy. Although
Cohn et al. (8) identified plasma renin
and norepinephnne levels as mdc
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