
decreased NE cardiac content and partial denervation (1â€”3).
These abnormalities contribute to an elevation of NE
concentrations at the synaptic level that is thought to
participate in the evolution of cardiomyopathies. Metaiodo
benzylguanidine (MIBG) imaging provides the opportunity
to explore noninvasively the adrenergic nerve integrity and
functioning (4,5) because it is an NE analog. A decrease in
MIBG uptake was observed in patients with heart failure
when compared with healthy subjects (6, 7). This decrease
was correlated to both alterations of left ventricular function
indices (7,8) and life duration (9).

Recent clinical trials have demonstrated that the use of
agents that counteract the sympathetic system hyperactiva
tion such as angiotensin-converting enzyme (ACE) inhibi
tors and @3-blockerscould be beneficial in the treatment of
congestive heart failure. The use of these agents has lead to
an improvement of functional status, exercise tolerance and
radionuclide ejection fraction, as well as to a better survival
in patients with conjestive heart failure, especially in
idiopathic dilated cardiomyopathy (10â€”18).Thus, because
cardiac MIBG uptake has been shown to be a potent
prognostic indicator, it can be hypothetized that the alter
ations ofcardiac adrenergic innervation integrity and functioning
could partially recover after a therapy associating both agents.

This study was undertaken in patients with congestive
heart failure to test the hypothesis of the reversibility of
cardiac innervation disorders as a potential mechanism of
hemodynamic improvement in response to therapy. We first
studied six healthy subjects before and after a 1-mo intake of
metoprolol to determine the potential interaction of this
agent with cardiac MIBG uptake. In a group of 18 patients
with congestive heart failure stabilized with a therapy
associating diuretics and ACE inhibitors, both indices of left
ventricular function and cardiac MIBG uptake were studied
before and 6 mo after having added metoprolol to the
therapy.

SUBJECTSANDMETHODS

StudyPopulation
Patients.Eighteenpatients,14 menand4 women(meanage

43 Â±7 y), with at least one episode of decompensated congestive
heartfailure,enteredthe studyafterfulfillingthe following criteria:
congestive heart failure symptoms for more than 6 mo, symptoms

Norepinephnne(NE)reuptakefunctionisimpairedinheartfailure
and this may participatein myocytehyperstimulationby the
neurotransmitter. This alteration can be assessed by l23i.
metaiodobenzylguanidine (MIBG) scintigraphy. Methods: To
determine whether the impairment of neuronal NE reuptake was
reversibleafter metoprololtherapy,we studied 18 patients (43 Â±
7 y) with idiopathicdilatedcardiomyopathywhowere stabilizedat
least for 3 mo with captopril and diuretics. Patients underwent,
before and after 6 mo of therapy with metoprolol,measurements
of radionuclideleft ventricularejection fraction (LVEF), maximal
oxygen consumptionand plasma NE concentration.The cardiac
adrenergic innervation function was scintigraphicallyassessed
with MIBG uptakeand release measurementson the planar
images obtained20 mmand 4 h after tracer injection.To evaluate
whether metoprolol had a direct interactionwith cardiac MIBG
uptake and release, six normalsubjectswere studiedbefore and
after a 1-mo metoprolol intake. Results: In controls, neither
cardiac MIBG uptake and release nor circulatingNE concentra
tion changed after the 1-mo metoprololintake. Conversely,after
a 6-mo therapy with metoprolol,patientsshowed increased
cardiac MIBG uptake (129% Â±10% versus 138% Â±17%; P =
0.009), unchangedcardiac MIBG release and decreased plasma
NE concentration (0.930 Â±412 versus 0.721 Â±0.370 ng/mL;
P = 0.02). In parallel, patientsshowed improvedNew YorkHeart
Associationclass(2.44Â±0.51versus2.05Â±0.23;P = 0.004)
andincreasedLVEF(20% Â±8%versus27% Â±8%;P = 0.0005),
whereasmaximaloxygenuptakeremainedunchanged.Conclu
sion: Thus,a parallelimprovementof myocardialNE reuptake
and of hemodynamics was observed after a 6-mo metoprolol
therapy, suggestingthat such agents may be beneficial in heart
failureby directlyprotectingthe myocardiumagainstexcessive
NE stimulation.

KeyWords:idiopathicdilatedcardiomyopathy;prognosis;radio
nuclide left ventricularejection fraction;norepinephnne;metaio
dobenzylguanidine;uptake-i; metoprolol;captopril
J NucIMed 1999;40:224â€”231

he failing myocardium is characterized by the presence
of many alterations of adrenergic nerves such as decreased
cardiac norepinephrine (NE) uptake, increased NE release,
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graded II to ifi of the functional classification of the New York
Heart Association (NYHA), radionuclide left ventricular ejection
fraction(LVEF)below 40%, congestive heartfailurerelatedto an
idiopathicdilated cardiomyopathy,sinus rhythm,no concomiuant
illnesses and no contraindication to @3-blockertherapy (bradycardia
withathoventhculardisturbances,asthma).Idiopathiccardiomyopa
thy was considered to be present because no significant stenosis
(>50%of thelumen)wasdetectedonthecoronaryangiogramand
no othercause was recognized.

Patients were stabilized with a medical therapy, including
diuretics and ACE inhibitors for at least 3 mo (mean duration =
8 Â±7mo).

Controls. Six healthy volunteers (mean age 37 Â±9 y; P values

were not significantwithpatients)were included.
All subjects had normal clinical and electrocardiogram (ECG)

examinations. Systolic function assessed with echocardiography
was normal in the control group with a left ventricular fractional
shortening (32% Â±2%) and a normal left ventricular end-diastolic
diameter (49.3 Â±2.0 mm). Stress ECO testing was negative. All
subjectswere free of any medicationatthe time of inclusion.

Study Protocol
Afterinclusion in the study,patientshadmeasurementstakenof

scintigraphicMIBG uptakeand release, radionucide LVEF,peak
exercise oxygen consumption,echocardiographicparametersand
restingplasmaNE concentration.All datawere obtainedwithinan
8-dperiod.

After the initial evaluation, @3-blockertreatment(metoprolol)
was introduced carefully. Doses were progressively increased each
week (12.5 mgld initially, then 25 mg, 50 mg), up to a maximal
dose of 150 mg at6 wk afterinitiationoftherapy.Finaldosage was
adapted individually and did not change after the initial 6-wk
titration period. The mean dosage obtained at the end of the
titration period was 120 Â±23 mg/d. Patients were clinically
evaluated twice a month during the first 2 mo and every month
thereafter.Six months after patients were included, the initial
investigationswere repeated.

In the group of healthy subjects, a dose of 200 mg/d of
metoprololwas administredorally during 1 mo and scintigraphic
examinationwas repeated.An exercise test was also performedto
ensurethe efficacy of @3-blockerevaluatedon the level of maximal
heart rate reduction.

The protocol was approved by the ethical committee of our
institution and each subject gave informed written consent.

Radionuclide Left Ventricular Ejection Fraction
All patients had equilibrium radionuclide angiography after in

vivo labeling of redblood cells using 740 MBq (20 mCi) @â€œTc.A
5000-kct acquisitionwas performedin the anteriorandleft anterior
obliqueviews thatbest separatedthe rightandleft ventriclesin the
plane of the interventricularseptum.The processing of the LVEF
was performed from the left anterior oblique view with a standard
commercially supplied semiautomatededge detection program.
The normalrangeofLVEF is 55%â€”70%.

MIBG Imaging
Lugol solution (40 mg iodure/d)was administeredorallyfor 3 d

before and 3 d after scintigraphicexamination.After a 30-mm
resting period, 111â€”148MBq (3â€”4mCi) 123I@41@G(CIS BIO
International,Gif surYvette,France)were intravenouslyinjected.
A lO-mmnstatic acquisitionwas performedin the anteriorview of
the chest, 4 h afterinjection.CardiacMIBGuptakewas measured

twice by two independentobserversunawareof the clinical status
of the patients. Left ventricular activity was recorded with a
manually drawn region of interest (ROI). Size and positioning were
checked with the anteriorview of the chest radiograph.Another
7 X 7 pixel ROI was placed over the upper mediastinum area.
Heart-to-mediastinum activity ratio (H/M) was then computed to
quantify cardiac MIBG uptake.

MIBG washout rate (WOR) was defined as percentage change in
cardiac activity [HI from early to delayed images within the left
ventricularROIas follows: WOR {([H] early) â€”([H] delayed)J/
([H] early) X 100, databeing correctedfor 1231physicaldecay. For
each patient,the H/M andWOR values were takenas the average
of measurementsperformed over the scintigraphic image. The
interobserver differences for H/M and WOR measurements were
not significant(<3%).

Echocardiography
Echographic measurements were performed with standard rec

ommendations. Left ventricular end-diastolic and end-systolic
diameterswere recordedand the fractionalshorteningwas calcu
lated.

Maximal Oxygen Consumption
Forus to assess the maximalworkload,the peakoxygen uptake

and the anaerobic threshold, all subjects performed a cycloergom
eter exercise with gas analysis for determination of maximal
oxygen uptakeon a MedicalGraphicCorporationsystem (St. Paul,
MN). The upright bicycle exercise test started at an initial workload
of 10 W with incrementsof 10 W/min.A second determinationof
maximal oxygen uptake was performed 6 mo later according to the
same protocol.

Resting Plasma Norepinephrine Concentrations
Venous blood samples were drawn, after a 30-mm resting period

in the supine position, at the initial evaluation and after 6 mo of
metoprololtherapy.PlasmaNE concentrationsweredeterminedby
radioenzymaticassay.

Statistical Analysis
All results are expressed as mean Â±SD. 1\vo-way analysis of

varianceand pairedandunpairedStudentt testing when appropri
ate wereusedto evaluatethechangesin thetwo groupsof variables
before and after metoprolol. A P value <0.05 was considered
significant.

RESULTS

Baseline Characteristics of Population
Hemodynamic Parameters in Patients. These data are

shown in Table 1.
The mean NYHA functional class was 2.4 Â±0.5. Patients

had altered indices of left ventricular dysfunction with a
radionuclide ejection fraction of 20% Â±8% and echocardio
graphic left ventricular dilatation (left ventricular end
diastolic diameter = 68 Â±7 mm). The mean value of
maximal oxygen consumption was low (17.6 Â±3.3 mLimin/
kg). Patients had a low cardiac output (cardiac index =
2.2 Â±0.4 Limin/m2) with increasedright filling pressure
(right atrial pressure = 9 Â±4 mm Hg) and increased left
filling pressure (pulmonary capillary wedge pressure =
19 Â±8mmHg).
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Parameterforcontrols(n = 6) Baseline 1-motherapy

PatientsControlsParameter
(n = 18)(n = 6)

TABLEI
Clinicaland LaboratoryData of PatientPopulation

TABLE 3
Effectof MetoprololIntakein HealthyVolunteers

Parameterforpatients(n = 18)

Age (y)
NYHAclass
LVEF(%)
MIBG(H/M;%)
MIBGwashoutrate (%)
VO2m@x(mL/min/kg)
RestingNE concentration(ng/mL)
Echocardiographic LVEDD(mm)
EchocardiographicLVESD(mm)
CardiacIndex(L/min/m2)
RAP (mmHg)
PCWP(mmHg)

43Â±7
2.4 Â±0.5
20 Â±8

129 Â±10
35 Â±6

17.6 Â±3.3
0.930 Â±0.412

68Â±8
61 Â±12
2.2 Â±0.4

9Â±4
19 Â±7

MIBGuptake(H/M;%)
MIBGwashoutrate(%)
RestingNEconcentration(ng/mL)

188 Â±19
29 Â±6

0.429 Â±0.173

173 Â±20
34 Â±14

0.448 Â±0.110

H/M = heart-to-mediastinumactivity ratio; NE = norepinephnne.

Alterations of Hemodynamic and Adrenergic Parameters
after Therapy in Patients. Resultsof hemodynamicparam
eters are displayed in Table 4. Metoprolol treatment was
well tolerated and could be maintained in all patients during
the study follow-up. The functional NYHA status improved
from 2.4 Â±0.5 to 2.0 Â±0.2 (P = 0.004). A worsening in
NYHA functional class was noted in only 1 patient. An
increase in LVEF was found after the 6-mo therapy (from
20% Â±8% to 27% Â±8%; P = 0.0005; Figs. 3 and 5).
Maximal oxygen uptake did not change significantly after
metoprolol therapy (17.6 Â±3.3 versus 19.33 Â±3.7; P values
were not significant; Fig. 3).

In adrenergic parameters cardiac MIBG uptake (H/M)
increased from 129% Â±10% to 138% Â±17% (P = 0.009)
after metoprolol therapy (Table 4 and Figs. 1, 4 and 6),
whereas plasma NE concentrations slightly decreased (0.930 Â±
412 versus 0.721 Â±0.370 ng/mL; P = 0.02; Table 4). The
MIBGWORremainedunchangedaftertherapy(35% Â±6%
versus 33% Â±5%; P values were not significant; Fig. 3).

FIGURE 1. Alterationsin cardiacMIBG uptake(in %) after
metoprololuse in healthy subjectsand in patientswith idiopathic
dilatedcardiomyopathy(IDC pts; 1 and 6 mo after metoprolol
use). No significantchange was observed after 1 mo intake of
metoprolol in healthy subjects. Conversely, increase in MIBG uptake
was found in patientswith idiopathiccardiomyopathyafter having
added metoprololto captoprilduring6 mo. M = metoprolol.

NYHA= NewYorkHeartAssociation;LVEF= leftventricular
ejectionfraction;H/M = heart-to-mediastinumactivityratio;@ =
maximaloxygenconsumption;NE = norepinephnne;LVEDD = left
ventricularend-diastolicdiameter; LVESD = left ventricularend
systolicdiameter;RAP = rightatrialpressure;PCWP = pulmonary
capillarywedgepressure.

AdrenergicParameters in Controlsand Patients.All data
are listed in Table 2.

Cardiac MIBG Uptake.CardiacMIBG uptakedetermined
scintigraphically (H/M) in patient group was 129% Â±10%
at baseline and was significantly lower in healthy subjects
(188% Â±19%;P < 0.001).ThecardiacWOR ofMIBG was
slightly increased in patients compared with healthy subjects
(35% Â±6% versus29% Â±6%; P 0.07), but thedifference
was not significant.

RestingPlasma NorepinephrineConcentrations.Resting
plasma NE concentrations were higher in patients compared
with healthy subjects (0.930 Â±0.412 ng/mL versus 0.429 Â±
0.173 ng/mL; P = 0.005).

Follow-UpAfterMetoprolol
Alterations ofAdrenergic Parametersafter Therapy with

Metopmlol in Healthy Subjects.The 1-mointakeof metopro
lol was well tolerated in healthy subjects, and none of them
discontinued the drug before study completion.

No change in either MIBG uptake and release or circulat
ing NE concentration was observed after metoprolol therapy
(Table 3 and Figs. 1 and 2).
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TABLE 2
AdrenergicParameters

Normals IDC pta
Age(y) 43Â±7
MIBG(HIM;%) 129Â±10
MIBGwashoutrate(%) 35 Â±6
RestingNE concentration(nglmL) 0.930 Â±0.412

37 Â±10
188 Â±19*
29 Â±6

0.429 Â±0.172*

*P< 0.01.
H/M = heart-to-mediastinumactivityratio;NE = norepinephnne.
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FIGURE2. AlterationsinWORofMIBG(in%) 1and6 moafter
metoprolol(M) use inhealthysubjectsand inidiopathiccardiomy
opathypatients(IDCpts).Nosignificantchangewasobservedin
either group.

The changes in MIBG uptake correlated with the changes
in LVEF (r = 0.469, P = 0.049) but were not related to the
changes in NYHA class, circulating NE concentration or left
ventricular end-diastolic diameter.

DISCUSSION
This study shows that the addition of metoprolol to ACE

inhibitor therapy in idiopathic dilated cardiomyopathy may
be associated with a concomitant improvement in hemody
namics and myocardial adrenergic innervation.

Mechanism of MIBG Uptake
MIBG labeled with 1231shares the same uptake and

storage mechanisms as NE (4). Two types of uptake systems

FiGURE3. Hemodynamicchangesobservedinpatients6 mo
after additionof metoprolol(M). An increase in restingleft
ventricularfunction(radionuclideLVEF, in %) was observed.
Slight improvementin exercise tolerance (maximal oxygen con
sumptionNO2,@],in mL/min/kg)wasalsofound,butdifference
was notstatisticallysignificant.

for MIBG have been identified in adrenergic tissues. The
uptake-l system is mediated by the NE transporter and the
uptake-2 system is an extraneuronal system that is low in
human beings (4â€”6,19). It is unmetabolized by catechol-O
methyl transferase or monoamine oxidase (4).

Adrenergic Nerve Integrity and Functioning
in the Failing Heart

The increase in sympathetic system activity is one of the
main mechanisms that compensates the failure of the cardiac
pump. The sympathetic nerve function is altered in the
failing myocardium. Cardiac stores of NE are depleted (20).
NE release was found increased in some studies (21â€”23),
whereas it was found decreased in others (24,25). Although
a normal fractional extraction of the NE across the failing
heart has suggested a normal neuronal NE uptake (22,23),

the uptake-l function has been found to be diminished in
animals (26), in postmortem examination of human failing
hearts (1) and in patients with heart failure as a result of
valvular heart disease (24) and ischemic and idiopathic
cardiomyopathies (27,28).

Causes of Decreased MIBG Uptake in the Failing Heart
Decreased MIBG uptake in the failing myocardium is

likely to be due to impaired uptake-l . Other factors may
cause a decrease in MIBG uptake. An elevation of NE
concentration at the synaptic level could compete with
MIBG uptake.This elevation of NE may be the resultof an
increase in either circulating NE level or neuronal NE
release. Because a significant decrease in cardiac â€˜231-MIBG
uptake was previously reported to be associated with normal

TABLE 4
Effectsof 6-MonthTherapyin Patients

NYHAfunctional class 2.4 Â±0.5 2.0 Â±0.2*MIBG
uptake(H/M;%) 129 Â±10 138 Â±17*MIBG
washoutrate(%) 35 Â±6 33 Â±5Radionuclide

LVEF(%) 20 Â±8 27 Â±8*(mL/min/kg)
17.6Â±3.3 19.3Â±3.7Resting

NE concentration(ng/mL) 0.930 Â±0.412 0.721 Â±0.370@Echographic
LVEDD(mm) 68 Â±7 66 Â±7Echographic
LVESD(mm) 58 Â±10 54 Â±9t*P<

0.01.tP<
0.05.NYHA

= NewYorkHeartAssociation;H/M=heart-to-mediaslinumactMty
ratio;LVEF= leftventricularejec@onfrac@on;Vo@ =madmaloxygen
consumption;NE = norepinephrine;LVEDD = leftventricularend-diastolic

dlameter@LVESD= leftventricularend-systolicdiameter.
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of heart failure. Conversely, the relative potency of NE was
higher in failing than in nonfailing hearts, whereas that of
isopreterenol, which is not a substrate of the uptake-i, was
reduced. Finally, this relative supersensitivity to extrinsic
NE was related to a loss of uptake-i carrrier protein
measured with tritiated mazindol binding assays (27).

The impairment of uptake- 1 generates an elevation of the
NE concentration at the synaptic level, thereby inducing
deleterious effects such as hypertrophy, myocyte calcium
overload, a.rrhythmias,increase in myocardialoxygen con
sumption linked to increase in heart rate and afterload,
alteration in coronary artery tone or @3-adrenergicdesensiti
zation. In particular,the link between the alterations up
take-i and @3-receptordownregulation has been documented.
With in vitro measurements, the amount of tritiated NE
uptake has been found to be directly proportional to
@31-receptordensity in left ventricles of heart failure patients
(33).

Mechanisms of the Reversibility
of Presynaptic Alterations

The increase in cardiac MIBG uptakeafter therapywith
agents counteracting sympathetic system hyperactivity may

S

FIGURE5. Individualleftventricularobjectionfraction(LVEF)
valuesobservedin I 8 patientswithidiopathicdilatedcardiomy
opathy before (TO)and after 6-mo metoprololtherapy (T6).
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FIGURE4. DelayedscintigraphicMIBGimagesobtainedin 1
patientwithheartfailurebecauseof idiopathicdilatedcardiomy
opathy, before and 6 mo after addition of metoprolol (top and
bottompanel,respectively).CardiacMIBGuptakewasquantified
as heart-to-mediastinumactivity ratio, using regions of interest
positionedover heart and over upper mediastinum. Increase in
left ventricular MIBG uptake is noticeable when comparing
secondto firstexamination.

circulating NE levels, increased circulating concentration of
NE may not be an important factor (8). In this study,
however, if a very low MIBG uptake, despite slightly
increased circulating NE levels, was found at the initial
evaluation, changes in the cardiac MIBG uptake were
associated to changes in the circulating NE levels after 6 mo
of therapy.

On the other hand, the increase in NE release reported in
some studies could theoretically participate in the dimin
ished MIBG uptake. This hypothesis has been supported by
the fact that MIBG washout measured from early to delayed
images was increased in patients with idiopathic cardiomy
opathy (5,6,29,30). However, in this study, no difference in
MIBG WOR was observed between healthy subjects and
patients and no change was found after therapy with
metoprolol in both groups.

Pathophyslological Importance of Altered Uptake-i
The uptake-i function is the principal means for terminat

ing the action of NE. Reduced uptake-i function may cause
a myocyte hyperstimulation to the neurotransmitter. In dogs,
the cardiac response to exogenous NE was prolonged by the
uptake-i blockade but was unchanged by the uptake-2
blockade (31,32). In patients with heart failure, the role of
reduced uptake-i as a local factor for altering concentration
of NE at the myocyte membranes has been recently demon
strated (27). The effectiveness of NE in increasing the force
of contraction was decreased in proportion to the importance
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improvement in the uptake-i function as a result of a
decrease in angiotensin II action on neuronal uptake caused
by the concomitant ACE inhibition (35). Thus, ACE inhibi
tors used in the present patient population may have
antagonized the facilitative effects of angiotensin II on
central sympathetic outflow and inhibited NE release at the
neuro-effectorjunction, where it is subject to modulation by
prejunctioned angiotensin II receptors (34).

Finally, partial reinnervation may have occurred. Indeed,
in cardiac transplantation where the myocardium is entirely
denervated, PET studies that used 11C-hydroxyephedrine
(36) have demonstrated that partial reinnervation occurs
during the follow-up. It is therefore conceivable that the
destruction of adrenergic nerve endings of the failing
myocardium may be subject to partial reinnervation after
therapy, leading to functional improvement.

Concomitant Improvement of Adrenerglc Nerve
Function and Left Ventricular Function

Previous work has shown an improvement in hemody
namic parameters under metoprolol therapy in patients with
heart failure, including an increase in LVEF and in maximal
exercise capacity (10â€”11,14,37). In this study, the hemody
namic improvement after therapy paralleled an improve
ment in MIBG uptake as suggested by the correlation
between the net increase in MIBG uptake (H/M) and the net
increase in LVEF. These data are concordant with previous
works that have evidenced a link between the regression of
different sympathetic disorders and the improvement of left
ventricular function after treatment counteracting sympa
thetic hyperactivity (10,14,38). The possibility of improving
in parallel the abnormalities of NE uptake and left ventricu
lax function suggests a role of adrenergic innervation
disorders in the fatal outcome of patients with heart failure.
This is concordant with previous data demonstrating that
decreased cardiac MIBG uptake was strongly related to poor
prognosis (9) and the large thals that have demonstrated that
agents lowering adrenergic hyperactivity were able to de
crease mortality and morbidity (10â€”18).Nevertheless, the
current data are not congruent with those published by
Eichhom et al. (39) who have shown that, whereas an
increase in functional class was noted after short duration
treatment with bucindolol in patients with heart failure, no
change in MIBG cardiac uptake or in plasmatic catechol
amines was observed. This discrepancy may be due to
differences in treatment, follow-up duration or methodology.
The current data are in accordance with those obtained in
heart failure after enapril therapy (40).

MIBG Washout Rate
No clear modification in MIBG washout was observed

after use of @3-b1ockersin the current patient population,
which contrasts with the observed reduction in systemic
sympathetic tone illustrated by the decrease in resting
circulating NE levels. This was unexpected because the
combined action of ACE inhibitors and @3-blockersin heart
failure is assumed to favor a decrease in sympathetic tone of
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FIGURE 6. IndividualMIBG uptake values (delayed HIM)
observed in 18 patients with idiopathic dilated cardiomyopathy
before (TO) and after 6-mo metoprolol therapy (T6). H/M =
heart-to-mediastinumactivityratio.

have different meanings. The influence of systemic adrener
gic hyperactivity in patients is possible because plasma NE
was found to be elevated at the initial evaluation and to be
slightly decreased after treatment. However, the absolute
plasma NE level in congestive heart failure is influenced by
alterations in neuronal uptake, clearance and metabolism of
NE released from the sympathetic nerve endings. Thus, if
the observed changes in resting plasma NE levels certainly
reflect a reduction in the activity of the adrenergic system, it
is likely that either a local improvement in uptake-i or a
decrease in local release occurred.

In this study, the reduction in myocardial adrenergic
hyperactivity may have been caused by metoprolol therapy
through blockade of presynaptic @32-adrenoceptorsthat in
crease NE release (34). Nevertheless, this hypothesis is
unlikely because metoprolol displays a relative@ selectivity
and did not change myocardial MIBG uptake in the healthy
subjects.

The improvement in MIBG uptake could be due to an
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the heart. The mechanisms underlying MIBG clearance
remain unclear, although some reports have suggested that
MIBG washout may reflect sympathetic nerve tone in
patients who had heart failure, a pathophysiological condi
tion recognized to involve sympathetic hyperactivity. Never
theless, there is no direct evidence until now that increased
MIBG washout reflects enhanced neurotransmitter release
by the adrenergic nerves of the myocardium. There is no
evidence that this parameter can be used as an index of NE
spillover in human beings. NE spillover is increased in the
failing human heart, but because normally 90% of the
released NE is taken back by the neurons, this alteration may
be caused by increased NE release, decreased NE reuptake
or both. Even though MIBG washout could reflect NE
spillover, its increase would not necessarily imply an
increase in adrenergic drive.

Finally, a methodologic precaution can explain this discrep
ancy with previous reports. The MIBG intravenous injection
was performed in this study after a 30-mm resting period
according to the standard recommandations for plasma
catecholamine measurements. This may have minimized the
difference of MIBG clearance from myocardium in patients
with heart failure compared with healthy subjects, or its
changes after intake of @3-blockers.

Limitations of the Study
Because this study was not a randomized placebo con

trolled trial, no definite conclusion can be drawn on the
direct role of @3-blockersin the improvement of cardiac
MIBG uptake. This study simply shows that the hemody
namic improvement obtained by the combination of ACE
inhibitors and @3-blockers parallels a regression of the
disorders of cardiac adrenergic innervation.

CONCLUSION

The current data support the hypothesis that the mecha
nisms contributing to sympathetic nerve dysfunction in heart
failure are functional rather than structural and are poten
tially amenable to modulation. This study suggests that the
beneficial hemodynamic action of f3-blockers used on top of
ACE inhibitors is due in part to a protection against
overexposure to NE. Thus, inhibiting sympathetic drive to
the heart would be a key factor in the improvement of the
prognosis of patients with congestive heart failure. MIBG
imaging can provide a noninvasive and sensitive index to
follow-up the response to therapy in patients with congestive
heart failure who are potential candidates for heart transplan
tation.
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