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922 Summary 
Bothh myocardial  i:?I-Meta-lodo-Benzyl-Guanidine ('--T-MIBG) uptake and 
plasmaa norepinephrine (NE) are markers of sympathetic activation in heart 
failuree and have been shown to portend a poorer prognosis. However, these 
observationss were done before treatment with (3-blockers became part of standard 
clinicall  practice. 
Fifty-eightt patients with chronic heart failure (NYHA functional class II and 
III .. ejection fraction<35%, 53% ischemic cardiomyopathy) were prospectively 
studiedd with a mean follow-up of 36 months. During the observational period, 
177 patients (29.3%) had a predefined event (death or heart transplantation). All 
prognosticc parameters were obtained before ^-blocker therapy was initiated. 
Inn both uni-and multivariate analysis, heart-mediastinum ratio of '-'I-MIBG 
uptakee did not correlate with cardiovascular mortality. In the multivariate Cox 
regressionn analysis, plasma NE, peak oxygen consumption, end-diastolic volume 
ass measured by echocardiography and exercise performance during bicycling 
andd walking had prognostic significance in patients with heart failure treated 
withh (3-blockers on top of ACE-inhibitors. 
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Introduction n 
Despitee significant progress in the treatment of heart failure, patients with symptomatic heart 

failuree still have a generally poor prognosis. Two recently published trials with (5-blockers in 

heartt failure reported a yearly mortality of approximately 12% in placebo treated patients with 

moderatelyy severe heart failure and approximately 8% in patients treated with either bisoprolol or 

metoprololl  on top of an angiotensin converting enzyme inhibitor (ACE-1).1: 

Too identify high risk patients (for example to manage a heart transplant waiting list), several 

clinicall  and hemodynamic variables varying from age to pulmonary vascular resistance have 

beenn shown to predict prognosis.310 In addition, markers of sympathetic activation also have 

beenn shown to portend a poorer prognosis: both elevated plasma norepinephrine (NE) levels and 

reducedd myocardial  ,:3I-metaiodobenzyIguanidine (MIBG) uptake as a measurement of integrity 

off  cardiac sympathetic nerve endings, are associated with severity of disease and increased 

mortality.1116 6 

However,, these observations were done before pVblockers became part of routine clinical practice 

inn the treatment of patients with heart failure. p-Blockers are known to reduce both mortality and 

morbidity.1*2177 Part of the beneficial effects of (^-blockers in heart failure can be attributed to their 

modulationn of sympathetic activation. We investigated whether cardiac MIBG uptake as a marker 

off  cardiac sympathetic function and plasma NE as marker of systemic sympathetic activation still 

havee prognostic significance when patients with stable congestive heart failure are treated with (3-

blockerss according to current evidence based treatments. In addition, clinical, exercise, 

hemodynamicc and echocardiographic parameters were evaluated. All parameters were obtained 

beforee P-blocker therapy was initiated. 

93 3 

Methods s 
Studyy patients 
Thiss study was an ancillary analysis of long-term follow-up data of 59 patients participating in a 

randomisedd double blind, placebo-controlled trial of metoprolol assessing the influence of [5-

blockerss on a variety on clinical, hemodynamic and scintigraphic parameters.'xJlJ The randomisation 

phasee lasted 6 months. After a titration phase of 6 weeks all patients who tolerated at least 50 mg 

off  metoprolol were randomised to their maximal tolerated dose of metoprolol or placebo. Four 

patientss did not tolerate more than 50 mg and were not randomised, they continued on 25 mg 

metoprolol.. One patient died during the titration phase due to progressive heart failure. Those 5 

patientss were included in the present analysis. The remaining patients were randomised, 11 received 

placeboo and 43 patients were on metoprolol. 

Alll  baseline parameters were obtained before titration and randomisation (i.e. before ^-blocker 

therapyy was initiated). After the randomisation phase, all patients received open label, maximal 
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toleratedd doses of metoprolol including those originally assigned to placebo. Thus, al patients in 

thee present analysis were on long term p-blocker therapy although placebo patients started 6 

monthss later as compared to those assigned to metoprolol in the randomisation phase. The mean 

dosee of metoprolol was 5 mg. Results of the randomised study are published elsewhere.1" ig 

Inn short, treatment with metoprolol during 6 months resulted in a significant increase in myocardial 

MIBGG uptake as compared to placebo (21.9% increase vs 7.8% decrease respectively). 

Thee primary outcome variable in the follow-up study was defined as cardiovascular death or 

heartt transplantation. One patient of the originally 59 patients died shortly after inclusion of a 

colonn carcinoma, he was excluded from the present cohort. 

Thus,, 58 consecutive patients (39 men, 19 women) with a history of chronic symptomatic heart 

failure.. New York Heart Association (NYHA) functional class II or III and an ejection fraction of 

lesss then 35% as assessed by radionuclide ventriculography were prospectively studied with a 

meann follow-up of 37 months (range 1-58). No patients were lost to follow-up. Their mean age 

wass 65  10 years. Inclusion required stable disease for at least 4 weeks without change in medication 

beforee measurement of all functional, hemodynamic, neurohormonal and myocardial MIBG uptake. 

Patientss were considered to have ischemic cardiomyopathy if they were known to have a previous 

myocardiall  infarction, significant coronary artery disease on coronary arteriography or evidence 

off  inducible myocardial ischemia. Fifty-three percent of the patients were classified as having an 

ischemicc cardiomyopathy, 47% had a dilated cardiomyopathy. At the start of the observation, 

53%% of the patients were in NYHA functional class II, the remaining patients in functional class 

III .. Almost aft (94 %) of the patients were using angiotensin-converting enzyme inhibitors and 

weree on diuretics. Digoxin was used by 29% of the patients. 

94 4 
Functionall parameters 
Thee six-minute walk test was conducted using a predefined course in the corridors of our hospital 

withh small distance markers on the wall. Patients walked at their own pace and were allowed to 

stopp during the test but were instructed to resume walking as soon as they were able to do so. 

Theyy were unaware of the distance markers. A study nurse accompanied them but did not attempt 

too influence the patient. After 6 minutes they stopped walking and the total distance walked was 

measured.. Peak oxygen consumption (peak VO,) was measured on a bicycle ergometer according 

too previous defined standards. Heart rate is expressed as mean heart rate over 24 hours, day and 

nightt during 24 hour Hotter monitoring. For the quality of life assessment the Minnesota Living 

withh Heart Failure questionnaire was used.:" 

Neurohormones s 
Bloodd samples for plasma catecholamines were drawn after 30 minutes of rest in supine position. 

Ann indwelling catheter in the antecubital vein inserted before the resting period was used. 
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Bloodsampless were transferred immediately to ice-chilled tubes. The plasma was separated through 

centrifugationn at 4° C and stored at -70" C until assay. Plasma NE concentration was determined 

byy high performance liquid chromatography and electrochemical detection, after purification on 

Biorexx 70 and concentration by solvent extraction. Normal values for plasma norepinephrine are 

<< 3.25 nmol/1. 

l23II -MIBG imaging 
1:,II  -MIBG imaging was performed in the morning one hour after 100 mg potassium orally to 

blockk thyroid uptake of free '-M. 185 MBq 1:1I-MIB G (Cygne BV, Technical University Eindhoven, 

thee Netherlands) was injected intravenously. Planar images were obtained 4 hours after injection 

usingg a Siemens Orbiter gamma camera equipped with a medium-energy collimator. A 20% 

energyy window centered on the 159 keV photopeak of  !~T was used. Heart to mediastinum ratio 

off  MIBG uptake (H/M ratio) was used as the primary predictor in the present analysis. A region 

off  interest was manually drawn around the left ventricle. Mediastinum activity was measured 

usingg a 7x7-pixel region of interest over the upper mediastinum. Cardiac MIBG uptake was 

quantifiedd by calculating the heart to mediastinum ratio, H/M ratio (mean counts per pixel in the 

heartt divided by those in the mediastinum). 

Statisticall analysis 
Resultss are expressed as mean . We performed Cox proportional hazard analyses to determine 

thee independent predictors of the primary outcome which was the composite of cardiovascular 

deathh or heart transplantation. The variables considered for the uni- and multivariate analysis 

were:: age, etiology of heart failure, ejection fraction, mean heart rate during 24 hours Holler 

monitoring,, left ventricle volume and dimension measurements as obtained by echocardiography, 

NYHAA functional class, quality of life assessment, exercise parameters, peak VG\, plasma 

norepinephrinee and MIBG H/M ratio. 

Thee univariate analysis was performed in two manners. First, all continuous variables were 

dichotomised.. Clinically customary values were chosen as the cut-off values; when these were 

equivocal,, values close to the median were chosen. Second, all continuous variables were entered 

ass such. 

Alll  of the above variables were entered in a multivariate Cox regression analysis with forward 

selection.. Variables were successively entered as long the P-value was smaller than 0.05. Variables 

weree removed when the P-value became larger than 0.10. Continuous variables were not 

dichotomised.. Incidental missing values were replaced by the group mean value. The models are 

describedd by the hazard ratio and the corresponding 95% confidence intervals and P-values. 
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Results s 
Baselinee characteristics are summarised in table 1. Mean left ventricular ejection fraction and 

peakk VO, were 26.5  6.5 % and 15.2  4.3 ml/min/kg respectively. The mean MIBG H/M ratio 

wass 1.8  0.4 and the mean plasma NE level was 3.9  2.7 nmol/I 

Tablee I. Baseline characteristics. 

Agee (year) 
RRR syst (mm Hg) 
RRR diast (mm Hg) 
MIBGG Heart/Mediastinum ratio 
Ejectionn fraction (%) 
Peakk VO^ml/kg-min) 
Exercisee duration (min) 
66 min walk test (meter) 
Endd diastolic volume (ml) 
Heartt rate day (bpm) 
Heartt rate night (bpm) 
Heartt rate 24 hours (bpm) 
Plasmaa norepinephrine (nmol/1) 
Qualityy of lif e 

non-- survi vors* 

68.00  10.1 
126.44  18.8 
69.77  9.3 
1.88 3 

23.99  6.9 
12.33 8 
5.33 8 

363.44 1 
205.11 4 
88.11  17.1 
77.22  17.5 
82.66  15.3 
5.00 3 

29.99  19.3 

(71.5) ) 
(127.5) ) 
(70.0) ) 
(1.7) ) 

(25.0) ) 
(H.7) ) 
(4.7) ) 

(363.0) ) 
(189.5) ) 
(93.0) ) 
(78.5) ) 
(84.2) ) 
(4.6) ) 

(28.0) ) 

survivors s 

63.22  9.9 
132.22  18.9 
76.33  9.8 
1.99  0.4 

27.77 1 
16.55 9 
7.22  2.9 

427.44  68.4 
182.00 9 
90.99  10.8 
77.33  11.1 
85.33 5 
3.4  2.2 

25.11  15.1 

(64.0) ) 
(130.0) ) 

(80.0) ) 
(19) ) 

(29.0) ) 
(16.8) ) 
(6.5) ) 

(431.0) ) 
(171.0) ) 

(90.0) ) 
(77.0) ) 
(83.3) ) 
(2.8) ) 

(25.0) ) 

P P 

0.1 1 
0.3 3 
0.04 4 
0.4 4 
0.05 5 
0.0006 6 
0.03 3 
0.009 9 
0.3 3 
0.5 5 
1.0 0 
0.4 4 
0.04 4 
0.3 3 

**  Includes heart transplantation (1 patient) 
Valuess are expressed as mean  SD (median) 
Abbreviations:: RR, bloodpressure; VO?, peak oxygen consumption; bpm, beats per minute 

Noo patients were lost to follow-up. During the observational period, 17 patients (29.3%) had a 

predefinedd event: 16 patients died and 1 underwent heart transplantation. Forty-one survived. 

Becausee of relatively small patient numbers, no differentiation was made between sudden cardiac 

deathh and other cardiac causes of death. 

Inn both uni- and multivariate analysis, H/M ratio of MIBG appeared not predictive of the composite 

endpointt of cardiovascular death or transplantation (P = 0.75). 

Inn contrast, plasma norepinephrine, peak VO,, exercise duration during bicycling and distance 

walkedd during the 6 minute walk test all correlated independently to the primary outcome variable 

deathh or heart transplantation (table 2-4). In addition, when tested as a continuous variable, left 

ventriclee ejection fraction was of borderline significance (P = 0.04) in the univariate analysis and 

NYHAA functional class III was weakly correlated to the primary endpoint (P = 0.04). The 

multivariatee analysis revealed that end diastolic volume of the left ventricle was of some significance 

inn prognosis (P = 0.01). 
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Tablee II. Predictors of mortality (univariate analysis of dichotomised variables) 

Age e 
>> 69 years 
<< 70 years 

Gender r 
Male e 
Female e 

NYY HA 
in n 
II I 

Etiology y 
Ischemic c 
Non-ischemic c 

Ejectionn fraction 
<< 26% 
266 - 35% 

MIBGG H/M ratio** 
<< 1.7 
>> 1.6 

Peakk oxygen consumption 
<< 15 ml/kg/min 
>> 14 ml/kg/min 

Exercisee duration 
<< 5.1 minutes 
>> 5 minutes 

6-minutee walk test 
<< 401 meter 
>> 400 meter 

Heartt rate 24 hrs*** 
>> 79 bpm 
<< 80 bpm 

End-diastolicc volume 
>> 150 ml 
<1511 ml 

Plasmaa norepinephrine 
>> 3.25 nmol/l 
<< 3.26 nmol/l 

Qualityy of lif e 
>25 5 
<26 6 

Mortality* * 
n/N N 

9/21 1 
8/37 7 

13/39 9 
4/19 9 

11/27 7 
6/31 1 

12/31 1 
5/27 7 

10/26 6 
7/32 2 

4/14 4 
12/37 7 

15/29 9 
2/29 9 

10/19 9 
7/39 9 

12/23 3 
5/35 5 

10/38 8 
7/20 0 

15/39 9 
2/17 7 

12/29 9 
5/29 9 

10/30 0 
7/28 8 

(%) ) 

(43) ) 
(22) ) 

(33) ) 
(21) ) 

(41) ) 
(19) ) 

(39) ) 
(19) ) 

(38) ) 
(22) ) 

(28) ) 
(32) ) 

(52) ) 
(7) ) 

(53) ) 
(18) ) 

(52) ) 
(14) ) 

(26) ) 
(35) ) 

(38) ) 
(12) ) 

(41) ) 
(17) ) 

(33) ) 
(25) ) 

Hazardd Ratio 

2.1 1 

1.9 9 

3.0 0 

1.8 8 

1.9 9 

0.9 9 

6.3 3 

3.9 9 

4.6 6 

0.8 8 

1.7 7 

3.7 7 

1.6 6 

(95%% CI) 

(0.8-5.5) ) 

(0.66 - 5.9) 

(1.0-8.5) ) 

(0.66 - 5.2) 

(0.7-5.1) ) 

(0.3-2.5) ) 

(1.8-21.9) ) 

(1.5-- 10.3) 

(1.7-- 12.7) 

(0.3-2.3) ) 

(0.5-5.1) ) 

(1.3-- 10.9) 

(0.66 - 4.4) 

0.1 1 

0.3 3 

0.04 4 

0.3 3 

0.2 2 

0.9 9 

0.004 4 

0.006 6 

0.003 3 

0.7 7 

0.4 4 

0.002 2 

0.4 4 

Abbreviations:: NYHA, New York Heart Association; Bpm, beats per minute. 
**  Includes heart transplantation. 
***  H/M ratio was not measured in 7 patients, they are not included in the univariate analysis. See text 
forr explanation. 
** **  Mean heart rate measured during 24 hours ambulatory Holter monitoring. 
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Tablee III. Predictive value for mortality of continuous variables (univariate analysis) 

MIBGG Heart/Mediastinum ratio* 
Agee (years) 
Ejectionn fraction (%)* 
Peakk oxygen consumption (ml/kg/min)* 
Exercisee duration (minutes)* 
6-Minutee walk test (meters)* 
Heartt rate 24 hours (beats per minute)** 
Endd diastolic volume (ml) 
Plasmaa norepinephrine (nmol/1) 
Qualityy of life 

Hazardd Ratio 

1.04 4 
1.04 4 
1.09 9 
1.28 8 
0.80 0 
1.00 0 
0.99 9 
1.00 0 
1.23 3 
1.02 2 

(95%% CI) 

(0.59-- 1.80) 
(0.98-- 1.09) 
(1.011 - 1.16) 
(1.111 - 1.49) 
(0.666 - 0.97) 
(0.98-- 1.00) 
(0.94-- 1.03) 
(0.98-- 1.01) 
(1.05-- 1.44) 
(0.99-- 1.05) 

P P 

0.9 9 
0.2 2 
0.04 4 
0.001 1 
0.02 2 
0.002 2 
0.5 5 
0.08 8 
0.01 1 
0.2 2 

**  Hazard ratio calculated per decresase in unit of measurement. 
Alll  other variables per increase in unit of measurement. 
Exercisee duration assessed during measurement of peak oxygen consumption. 
**Meann heart rate measured during 24 hours ambulatory Holter monitoring. 

Tablee IV. Multivariate model for the prediction of mortality 

Peakk oxygen consumption*  2.01 (1.06 - 1.47) 0.001 
Plasmaa norepinephrine 1.45 (1.13-1.86) 0.007 
Endd diastolic volume 1.01 (1.00 - 1.02) 0.01 
Exercisee duration*  0.38 (0.21-0.71) 0.001 
Sixx minute walk test*  1.01 (1.01 - 1.02) 0.02 

**  hazard ratio calculated per decresase in unit of measurement. 
988 All other variables per increase in unit of measurement. 

Exercisee duration assessed during measurement of peak oxygen consumption 

Discussion n 
Amongg several markers of sympathetic activation in heart failure, we were able to identify plasma 

NEE to correlate with prognosis in uni-and multivariate analysis. H/M ratio of MIBG uptake 

(assessedd before treatment with P-blockers is initiated) did not show any correlation with mortality 

orr heart transplantation. In addition, peak oxygen consumption, end-diastolic volume, exercise 

durationn during bicycling and distance walked during the 6-minute walk test had prognostic 

significancee in patients with heart failure treated with ^-blockers. 

Prognosticc value of H/M ratio of MIBG 
Myocardiall  MIBG uptake as a marker of cardiac sympathetic activation has been correlated to 

prognosiss in patients with heart failure.14""1 In contrast to those earlier observations, our study did 

nott identify H/M ratio of MIBG uptake as prognostic significant. An important difference between 
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ourr study and earlier reports is the fact that our patients were treated with a [3-blocker. P-Blockers 

aree known to favorably influence prognosis1 : r in heart failure and modulate sympathetic function. 

Itt is, however, not directly evident from our results why the prognostic importance of H/M ratio 

off  MIBG is lost when patients are treated with a (3-blocker. fJ-Blockers increase myocardial M1BG 

uptakelst<U1"255 but this increase in MIBG uptake can not explain our findings because MIBG 

imagingg was performed before p-blocker therapy was initiated. 

Thee mechanisms of action of (3-bIockers in heart failure are only partly known. (3-Blockers will 

protectt the fl-receptors on the myocyte from high concentrations of NE in the synaptic cleft. This 

wil ll  prevent the direct toxic effects of NE and probably also the downregulation of p-receptors. In 

addition,, there may be an influence on post-receptor events,26 on calcium homeostasis272*  and pV 

blockerss also have an effect at the presynaptic level. 

Theree are however important other differences between our study and reports from the literature 

thatt offer a better explanation for the observed discrepancy in results. 

Moree than 70% of the patients included in the study by Merlet et al.14 had an idiopathic 

cardiomyopathy.. Moreover, all ischemic patients were not suitable for revascularisation probably 

indicatingg more severe coronary artery disease. As a consequence, MIBG uptake in these patients 

willl  be low and their prognosis unfavorable. Finally, they excluded 10 patients who had heart 

transplantationn from their analysis. These differences in patient population between the study by 

Merlett and ours can possibly explain the different outcome. Nakata et al15 also identified cardiac 

MIBGG uptake as an important predictor of death in 414 patients. However, they included 104 

patientss without any evidence of heart disease and thus a normal MIBG uptake and a relatively 

benignn prognosis. It is conceivable that MIBG uptake in the remaining 310 patients with any 

formm of heart disease is lower and their risk of death higher. Based on their results, it can be 

concludedd that reduced MIBG uptake is a marker of heart disease and thus correlated to reduced 

survivall  when compared to patients without any objective sign of heart disease. However, no 

conclusionn can be drawn about myocardial MIBG uptake as discriminatory variable within a 

groupp of patients with overt heart failure. Finally, Cohen-Solal et al16 recently published their 

observationn in 93 patients indicating that cardiac MIBG uptake has prognostic value in heart 

failuree in univariate analysis albeit with borderline significance (P = 0.04). In their multivariate 

analysis,, only peak VO, remained as an independent predictor of death. 

Combiningg results from the literature and our observations it remains to be established whether 

cardiacc MIBG imaging provides important additional information in risk stratification on top of 

otherr clinically useful prognostic markers including peak VO: in the era of treatment of heart 

failuree with ^-blockers. 

Plasmaa norepinephrine and prognosis. 
Thee inverse relationship between circulating NE levels and prognosis"-13 is confirmed in our 
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studyy despite the fact that inter-individual variations of plasma NE concentrations are relatively 

high.. This observation underscores the importance of neurohumoral activation in heart failure. 

Peakk V02, end-diastolic volume, ejection fraction and exercise parameters as 
prognosticc markers 
Inn the multivariate analysis, peak V02 appeared to be the most powerful predictor of major cardiac 

events.. Throughout the literature, this observation is remarkable constant with a cut-off value of 

approximatelyy 14 ml/kg/min.^JU We also used peak VO\ as a continuous variable in our multivariate 

analysiss because it has recently be suggested that patients are better stratified when this approach 

iss used rather than dichotomising them.31 End diastolic volume as measured by echocardiography 

wass of significance to predict survival and can be used to provide some additional information in 

riskrisk stratification on top of peak VO,. In addition, exercise duration during both measurement of 

peakk oxygen consumption and six minute walking test was of some significance confirming 

earlierr reports.12i3? 

Ejectionn fraction proved not to be of predictive value, a finding that is in agreement with previous 

reports*44 36 but in contrast with several other studies.17 igNo clear explanation for this discrepancy 

cann be given but is probably multifactorial and related to differences in study population and 

definitionn of clinical characteristics. Type II errors can also not be excluded related to small 

patientt numbers. 

Theree are several limitations of our study. First, results are based on relatively small patient 

numbers.. However, the patients included constitute a homogeneous group of consecutive patients 

withh well-defined heart failure thus representing daily clinical practice. Second, MIBG H/M ratio 

inn our study is higher than the H/M ratio reported earlier in patients with heart failure. The reason 

forr this is not directly obvious but can partly be explained by the fact that, in contrast to earlier 

studies,, almost all our patients were using ACE-inhibitors, drugs that are known to increase 

cardiacc MIBG uptake.4041 

Inn conclusion, our findings suggest that cardiac MIBG imaging before initiation of [3-blocker 

therapyy as a marker of cardiac sympathetic nerve integrity in patients with heart failure treated 

withh pj-blockers is not a predictor of survival. Plasma NE, peak VO:, and exercise tolerance 

duringg exercise testing portend major cardiovascular events (mortality or heart transplantation). 
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