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In chronic heart failure, elevated plasma norepinephrine (NE) levels
and a disparity between the neuronal release and the effective
reuptake of NE lead to an increased concentration of NE in the
presynaptic cleft, causing a downregulation of the myocardial
B-adrenoceptors. The clinical and prognostic effectiveness of
B-blocker therapy has been shown in patients with chronic heart
failure in several large trials. The purpose of this study was to
investigate the effect of long-term B-blocker therapy on the cardiac
adrenergic nervous system as assessed by the myocardial uptake
of 123]-metaiodobenzylguanidine (MIBG), an analog of NE, in idio-
pathic dilated cardiomyopathy (IDC). Methods: In 10 patients with
IDC and stable chronic heart failure the myocardial MIBG uptake
was measured at baseline and at 1 y (median, 11.5 mo) after
treatment with B-blockers (metoprolol, n = 5; bisoprolol, n = 1;
and carvedilol, n = 4) in addition to standard medication. In parallel
with the changes in MIBG uptake, the New York Heart Association
functional class, the left ventricular ejection fraction (LVEF), and the
left ventricular end-diastolic diameter (LVEDD) were documented
before and after 1y of therapy with B-blockers. Results: During the
1-y follow-up, a significant increase in myocardial 23-MIBG up-
take (P = 0.005) in parallel with an improved LVEF (P = 0.005) and
a reduced LVEDD (P = 0.019) was found. A trend toward an
improvement of the New York Heart Association functional class
under the B-blocker therapy (P = 0.139) was also found. Conclu-
sion: Assessment of the myocardial '23-MIBG uptake is a useful
noninvasive tool for evaluating changes in cardiac sympathetic
nerve activity under medical therapy. Long-term treatment with
B-blockers in IDC causes a recovery of the cardiac adrenergic
nervous system concomitantly with a clinical and hemodynamic
improvement.
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I n chronic heart failure the increased adrenergic drive is
reflected by an elevated concentration of circulating norepi-
nephrine (NE) {-3), an enhanced neuronal release of NE
(4,5, and an impaired efficiency of NE reuptake and storage
(6—98). This disproportion leads to enhanced NE levels in
the synaptic cleft and induces the downregulation and un-
coupling of theB-receptors in chronic heart failur@€11).

The myocardial neuronal uptake '8f-metaiodobenzylgua-
nidine (MIBG), a transmitter analog of NE with the same
affinity for sympathetic nerve endings4,13, can be used

to evaluate the cardiac sympathetic nervous sysighyl 4.

Recently, in several large-scale trials, hemodynamic im-
provements 15,19 and prognostic benefits g8-blocker
therapy in chronic heart failure have been clearly shown
(17-19. B-Blockers such as metoprolol and bisoprolol are
known to interact with the cardiac sympathetic activity in
the failing heart and to cause an upregulatioBafdrener-
gic receptors Z0—23. Others such as carvedilol can pro-
duceB,-receptor blockade2d), leading to a lower cardiac
adrenergic activity, but no upregulation in tiereceptor
density 1,29.

The purpose of this study was to investigate the effect of
long-termB-blocker therapy on the cardiac adrenergic ner-
vous system as assessed by the time course of myocardial
neuronal MIBG uptake, calculated according to a new
method 25), in patients with idiopathic dilated cardiomy-
opathy (IDC) during a 1-y follow-up period, and to relate
the scintigraphic changes to the clinical and hemodynamic
course of these patients.

MATERIALS AND METHODS

Patients and Study Design

We included prospectively patients according to the following
criteria: stable chronic heart failure associated with IDC with left
ventricular ejection fraction (LVEFX 55% (range, 17%—40%);

MvocarDpIAL 123-MIBG UPTAKE AND B3-BLockaDE e« Lotze etal. 49



TABLE 1
Clinical Baseline Characteristics
and Hemodynamic Parameters

on permanent medication, including angiotensin-converting en-
zyme (ACE) inhibitors and digitalis, for at least 3 mo; and no
previous treatment witl-blockers. Exclusion criteria were coro-

nary artery disease, valvular heart disease, a history of arterial

hypertension, insulin-dependent diabetes mellitus, neuropathy, and Parameter n
treatment with other drugs affecting MIBG kinetics. Aside from No. of patients (men) 10 (9)
the routine clinical examinations, echocardiography and coronary  age (y), mean + SD 51 + 8
angiography with left and right heart catheterization, including NYHA functional class
left ventricular endomyocardial biopsies, were performed on all I 2
patients to exclude acute myocarditis according to the Dallas I 4
criteria 26). I 4

The study design included assessment of myocaféiaMIBG Medication
uptake at baseline and a y after treatment wittB-blockers in ACE inhibitors _ 9
patients with IDC. In parallel, the time course of the New York SL:ZESJ receptor antagonists é
Heart Association functional class and the hemodynamic param- Digitalis 7
eters (LVEF and left ventricular end-diastolic diameter [LVEDD]) B-Blockers 10
were determined by an experienced physician according to the | vEF (echo) (%)
recommendations of the American Society of Echocardiography Mean + SD 30+ 7
(27,28. The local ethics committee approved this study, and Range 17-40
written informed consent was obtained from all patients. LVEDD (echo) (mm)

Mean = SD 67 =7

B-Blocker Therapy Follow-up (mo)

In addition to the standard therapy with ACE inhibitors, diuret- Mean = SD 133
ics, and digitalis for chronic heart failur@;blockers were admin- Range 8-18

istered to each patient taking into consideration the individual Median 1.5

medical history and any other accompanying diseases. Thus, the

initial recommended starting doses for the th@élockers ap- NYHA = New York Heart Association; AT = angiotensin II;

proved for treatment of chronic heart failuré5-1§ were as echo = echocardiographic.

follows: metoprolol, 5 mg twice daily; bisoprolol, 1.25 mg once a

day; and carvedilol, 3.125 mg twice daily, respectively. The dos-

age was gradually increased according to the recommended bi-

weekly titration ((5,17,18. The daily target doses were as followswho were unaware of the clinical and hemodynamic course of the

metoprolol, 100-150 mg; bisoprolol, 5-10 mg; and carvedilol, S5patients. Differences were resolved by consensus. To exclude any

mg. Development of incompatibility was countered by individuinfluence of the accompanying medication on the cardiac neuronal

ally adjusting the dose of the correspondidplocker. uptake function as far as possible, an attempt was made to keep the
patients on a constant fixed dosage of digitalis and ACE inhibitors,
which are known to affect sympathetic activit$Qq(3) and the

Protocol

) myocardial'?3-MIBG uptake @0), for 3 mo before administration
The cardiac'?3-MIBG uptake was measured as the myocar

. . . . : of B-blockers and inclusion in the study.
dial-to-left ventricular cavity density ratio of voxel values, the M/C

ratio (25), according to a protocol using combined SPECT studiétatistical Analysis

with 370 MBq °"Tc-methoxyisobutylisonitrile (MIBI) (DuPont,  Continuous data are given as mearsD and categoric data are

Pharma Radiopharmaceuticals, Billerica, MA) and 185 MBt  expressed as relative frequency (percentage). To compare data at

MIBG (Nycomed Amersham, Buckinghamshire, UK) as describdabseline with those at 1-y follow-up, a Studétest for paired data

(29). Briefly, the position and contour of the heart were initiallyand they? test for the New York Heart Association functional class

determined by means of cardi®&Tc-MIBI imaging. After a 4-h were used. Significant differences were defined?by 0.05.

rest period, when an equilibrium in cardi&d-MIBG concentra

tion existed, myocardial?3-MIBG uptake was measured using aRESULTS

volume-of-interest technique to separate the myocardium from the

left ventricular cavity according to th®™c-MIBI perfusion im Patients . . . o . .

aging in the short-axis slices obtained from the double radionu-According to the inclusion criteria, 10 patients with IDC

clide study with®Tc-MIBI and 123-MIBG. The M/C ratio was Were enrolled in the study. Table 1 shows the clinical

calculated, calibrating the left ventricular cavity activity by ##&  characteristics, including medication and hemodynamic pa-

activity in a venous blood sample as a referer®®,(according to rameters, of the patients. The ACE inhibitor had to be

the following equation: withdrawn in one patient because of incompatibility and

was replaced by an angiotensin-Il type 1 receptor antago-

nist. Five patients received metoprolol, one patient had

bisoprolol, and four patients had carvedilol. TRélocker
This quantitation of thé?3-MIBG uptake was performed for all therapy was not discontinued completely in any patient

patients at baseline and afte y (median, 11.5 mo; range, 8—18because of adverse side effects during the 1-y follow-up

mo) of treatment withB-blockers by two independent observergperiod. At the time of the second myocard?&fTc-MIBI

Combined Myocardial 23I-MIBI and **"Tc-MIBG SPECT

M/C voxel values’ density myocardiuitM)
ratio  voxel values’ density left ventricular cavityC) -
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TABLE 2
One-Year Follow-Up Under B-Blocker Therapy

Pretreatment Posttreatment Average

Patients with IDC (n = 10) (mean = SD) (mean = SD) difference = SD P
M/C ratio 2.21 = 0.62 2.72 = 0.69 0.51 = 0.46 0.005
LVEF (echo) (%) 307 42 =7 12.4 +10.8 0.005
LVEDD (echo) (mm) 67 =7 62 =2 -52+58 0.019
NYHA functional class

| 2 6 —

Il 4 3 — 0.139

I 4 1 —

Echo = echocardiographic; NYHA = New York Heart Association.

and 123-MIBG scintigraphy after 1 y, the average dailyB-blocker therapyR = 0.139). Figure 1 shows an example
dosage of metoproloin(= 5) was 65+ 39 mg (range, of the improved 123-MIBG uptake after long-term
25-100 mg); of bisoprolol( = 1), 5 mg; and of carvedilol B-blocker therapy, in this case with bisoprolol. Changes of
(n = 4), 39+ 22 mg (range, 12.5-50 mg). the four parameters are summarized in Figure 2. Further-
One-Year Follow-Up Under B-Blocker Therapy more, the |nd|V|duaI.cour§e of LVEF and the M/C_: ratio

) .showed a good relationship between the changes in LVEF

Table 2 shows the changes in the data from basellgﬁd those in the M/C ratio (Fig. 3)

compared with the 1-y follow-up after treatment with T
B-blockers. There was a significant increase in the M/C ratio
reflecting the myocardial?3-MIBG uptake from 2.21+ DISCUSSION
0.62to0 2.72+ 0.69 P = 0.005) and in LVEF from 30%- In our study, we found an increase in myocardil-
7% to 42% = 7% (P = 0.005). Furthermore, LVEDD MIBG uptake calculated as the M/C ratio, a new cardiac
decreased significantly from 62 7 mm to 62+ 2 mm scintigraphic parameter29), after 1 y of treatment with
(P = 0.019). The distribution of the New York HeartB-blockers in IDC, even though the number of patients
Association functional class on entry and affey also studied was small. In parallel with the clinical and hemo-
indicates a trend toward a clinical improvement undatynamic improvement, our findings also indicate a recovery

98/4/6
pre treatment
M/C ratio = 2.4

99/3/23

post treatment
M/C ratio = 3.6

FIGURE 1. '|-MIBG images obtained
from short-axis reconstruction in patient
with IDC. The M/C ratio reflecting myocar-
dial 2I-MIBG uptake increased from 2.4
before treatment to 3.6 after treatment with
B-blocker (bisoprolol) for about 1y. C = left
ventricular cavity; M = myocardium.
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of the cardiac neuronal uptake function associated with thatio and total defect score, LVEF, and New York Heart
long-termB-blockade. The simultaneous increase in LVERssociation functional class improved affey of g-blocker
and myocardial*>3-MIBG uptake reflecting cardiac NE therapy (metoprolol, 30—60 mg/d) in patients with IDC.
content (2-14 is consistent with catecholamine determiMoreover, our data agree with the results of Fukuoka et al.
nations in endomyocardial biopsies from patients with ID@34), who found a decrease in the initially enhanced regional
that showed a positive correlation between myocardial Ni,d global?3-MIBG washout rate considered to be eon
and LVEF @2). Our findings confirm the recent study bysistent with an increased cardiac sympathetic actiBy-(
Toyama et al. §3), who showed that cardiac sympathetig?) after short-terng-blocker therapy with metoprolol for 1
activity assessed by th&34-MIBG heart-to-mediastinum and 3 mo, respectively, in patients with IDC who had a
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FIGURE 3. Individual course of LVEF and M/C ratio of pa-

tients shows good relationship between changes in LVEF (LVEF
at follow-up examination — LVEF at baseline) and '23-MIBG
M/C ratio after 1 y of therapy with B-blockers. In one patient (*),
LVEF remained unchanged at 40%, and M/C ratio only in-
creased from 3.12 to 3.18. In another patient (**), LVEF showed
small decrease in LVEF from 35% to 30% and in M/C ratio from
2.26 to 2.17. In the remaining eight patients, ascending lines
indicate simultaneous increase in LVEF and in M/C ratio.

>5% increase in LVEF.

The beneficial effect of long-ter-blocker therapy on
the cardiac adrenergic nervous system may be explained
by two mechanisms. First, chrong:blockade may indi-
rectly restore cardiac sympathetic activity by improving
the hemodynamics in chronic heart failuré5(20 and
thus reduce the cardiac adrenergic tone. Second, the
improved cardiac neuronal uptake may be caused by a
direct presynaptic effect of th@-blockers and could also
be responsible for terminating the stimulation of NE
through the postsynaptig-receptors. This presynaptic
effect of the B-blockade is consistent with the already
proven upregulation of the8-receptors by metoprolol
(20—22 and bisoprolol 21,23. In contrast to the two
Bi-selective B-blockers, carvedilol does not cause-up
regulation of thep-receptors 21,22 but causes an ad-
renergicp-blockade 21) and decreases cardiac adrener-
gic activity by blocking theB,-receptors 24), leading to
a reduced release of NE from the presynaptic nerve
endings. This relationship between the cardiac neuronal
uptake function and regulation of tieadrenergic recep-
tors is supported by animal experiments in rats that have
hypertensive heart failure38). Nozawa et al. 38) found
a simultaneous decrease in the uptake of myocardial
131-MIBG and '?3-cyanopindolol, the latter reflecting the
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density of theB-receptors in the fai|ing heart of Dahl10. Lefkowitz RJ, Caron MG, Stiles GL. Mechanisms of menbrane-receptor regula-
salt-sensitive rats tion. N Engl J Med 1994;310:1570-1579.
i L. i . 11. Delehanty JM, Himura Y, Elam H, Hood WB, Liang CB-Adrenoceptor
Somsen et al.30) observed a similar increase in myo- downregulation in pacing-induced heart failure is associated with increased

cardial 123-MIBG uptake after 6 wk of treatment with the  interstitial NE contentAm J Physial 1994;266:H930—-H935.

PIETIY] o . : f i1_.12. Sisson JC, Shapiro B, Meyers L, et al. Metaiodobenzylguanidine to map scinti-
ACE inhibitor enalapnl In patients with chronic heart fail graphically the adrenergic nervous system in maiucl Med 1987;28:1625—

ure. Thus, this therapeutic effect of tigeblockers on the 1636.
cardiac neuronal uptake of NE is not considered to & Tobes MC, Jaques S Jr, Wieland DM, Sisson JC. Effect of uptake-one inhibitors

s : : :11, 0N the uptake of norepinephrine and metaiodobenzylguanidingucl Med
substance specific but is thought to be associated with 1085:26:897-907.

hemodynamic improvement and interaction with the cardiag. giowniak Jv, Turner FE, Gray LL, Palac RT, Lagunas-Solar MC, Woodward
adrenergic activity, two mechanisms that are also known for WR. lodine-123 metaiodobenzylguanidine imaging of the heart in idiopathic
ACE inhibitors GO 39 congestive cardiomyopathy and cardiac transplahiucl Med 1989;30:1182—
NS . 1191.
Our data indicate th?-t myocardFéPI—Ml_BG u_ptake cal 15. Waagstein F, Bristow MR, Swedberg K, et al. Beneficial effects of metoprolol in
culated as the M/C ratio is a useful noninvasive method to idiopathic dilated cardiomyopathjancet 1993;342:1441-1446.

evaluate changes in cardiac adrenergic nerve activity und@rCIBIS Investigators and Committees. A randomized trigB-dflockade in heart
. . failure: the Cardiac Insufficiency Bisoprolol Study (CIBISirculation. 1994;
medical treatment. Long-term therapy with metoprolol or ¢q.1765-1773.

bisoprolol, two B;-selective B-blockers, and carvedilol, a 17. Packer M, Bristow MR, Cohn JN, et al. The effect of carvedilol on morbidity and
nonselectiveﬁ-blocker with al-receptor blocking proper mortality in patients with chronic heart failure: U.S. Carvedilol Heart Failure

. . . Study GroupN Engl J Med 1996;334:1349-1355.
ties, causes an |mprovement of cardiac neuronal upta{ge Dargie HJ, Lechat P for the CIBIS Il Investigators and Committee. The cardiac

function. This effect is not considered to beBeblocker— insufficiency bisoprolol study Il (CIBIS Il)Lancet 1999;353:9-13.

specific effect. 19. MERIT-HF Study Group. Effect of metoprolol CR/XL in chronic heart failure:
Metoprolol CR/XL Randomised Intervention Trial in Congestive Heart Failure
(MERIT-HF). Lancet 1999;353:2001-2007.

CONCLUSION 20. Heilbrunn SM, Shah P, Bristow MR, Valantine HA, Ginsburg R, Fowler MB.
Increased3-receptor density and improved hemodynamic response to catechol-

We conclude that, concomitantly with a hemodynamic amine stimulation during long-term metoprolol therapy in heart failure from

. . . dilated cardiomyopathyCirculation. 1989;79:483-490.
(15_19 and pranOSth beneflll(7—19, the effectiveness of 21. Yoshikawa T, Port JD, Asano K, et al. Cardiac adrenergic receptor effects of

long-term B-blocker therapy in chronic heart failure asso- carvedilol. Eur Heart 1 1996:17(suppl B):8—16.

ciated with IDC is in part based on a recovery of the cardi&g. Gilbert EM, Abraham WT, Olsen S, et al. Comparative hemodynamic, left

. . ventricular functional, and antiadrenergic effects of chronic treatment with meto-
adrenerglc nervous SyStem atthe presynaptlc Ieve" as rneaprolol versus carvedilol in the failing heairculation. 1996;94:2817-2825.

sured by an increased myocard?‘é’i'M|BG Uptake- 23. Li Z, Li L. Clinical effects of bisoprolol in congestive heart failure due to dilated
cardiomyopathyChung Hua Nei Ko Tsa Chil995;34:683—686.

24. Bristow MR, Olsen S, Larrabee P, Gilbert EM. TB#dlocking agents metoprolol
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