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Introduction n 
Incidence,, prevalence and mortalit y of heart failur e 

Improvedd treatment modalities for aeute coronary syndromes and better primary' and secondary 

preventionn have shifted the spectrum of manifestations of heart disease into the direction of the 

syndromee of heart failure. Although data are limited, it is estimated that in a general population 

thee incidence of heart failure is one to five cases per 1000 each year (data derived mainly from the 

Framinghamm Heart Study) with a steep increase with age. Prevalence data are more commonly 

availablee from different studies but vary greatly. Prevalence in the general population is estimated 

betweenn 3 and 20 individuals per 1000. Among those aged 75 years or older, this estimate is 

betweenn 80 and 160 persons per 1000.'' 

Despitee considarable progress in the treatment of heart failure, mortality is still disappointingly high. 

Annuall  mortality for patients with chronic heart failure is about 10%. mortality in patients with more 

severee forms of heart failure is estimated between 15 and 40% per year depending on severity.2"5 

Thee syndrome of heart failur e 
Heartt failure may be viewed as a progressive disorder that is initiated after an index event either 

damagess the heart muscle, with a resultant loss of functional cardiac myocytes, or alternatively, 

disruptss the ability of the myocardium to generate force, thereby preventing the heart from 

contractingg normally (figure 1). The index event may have an abrupt onset, like a myocardial 

infarction,, it may have a gradual onset as is the case in hypertension or the exact mechanism is 

notnot known (idiopathic dilated cardiomyopathy). This initial insult may result in systolic and/or 

diastolicc heart failure. Many compensatory mechanisms become activated in the setting of depressed 

cardiacc output that are able to sustain and modulate cardiac output for a period of days to months 

too years depending on the severity of the initial insult. These compensatory mechanisms are able 

Heartt failure begins after an index event produces an 
initiall  decline in pumping capacity of the heart. 
Followingg this initial decline in pumping capacity of 
thee heart, a variety of compensatory mechanisms arc 
activated,, including the adrenergic nervous system, 
thee renin angiotensin system and the cytokine system. 
Inn the short-term, these systems are able to restore 
cardiovascularr function to a normal homeostatic range 
withh the result that the patient remains asymptomatic. 
However,, with time, the sustained activation of these 
systemss can lead to secondary end-organ damage 
withinn the ventricle, with worsening LV remodeling 
andd subsequent cardiac decompen-sation. As a result 
off  worsening LV remodeling and cardiac decom-
pensation,, patients undergo the transition from 
asymptomaticc to symptomatic heart failure. 
(Reproducedd with permission from: Mann DL: 
Mechanismss and models in heart failure. A 
combinatoriall  approach. Circulation 1999:100:1000) 

Indexx Event 

50% % 

Compensatory y 
Mechanism m 

20% % 

Secondary y 
Damage e Ö Ö 

timee (yrs)

Asymptomaticc  Symptomatic 

Figuree I Pathogenesis of heart failure 
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too maintain cardiac output so that the functional capacity of the patient is preserved or is depressed 

onlyy minimally, a condition in which the patient frequently adapts his physical activity. However, 

att some point in time, patients will become overtly symptomatic, probably with a resultant increase 

inn morbidity (hospitalizations) and mortality. This transition to symptomatic heart failure is 

accompaniedd by further activation of neurohormonal and cytokine systems, as well as further left 

ventricularr remodeling. Ultimately, heart failure will progress independently of the initial cause 

andd independently of the hemodynamic status of the patient. Thus, advanced forms of heart 

failuree should be viewed as a syndrome in itself. 

Compensatoryy mechanisms in heart failur e 

Compensatoryy mechanisms in heart failure include activation of the sympathetic nervous system, 

andd salt and water retaining systems (renine angiotensin system) as well as activation of vasodilator/ 

moleculess including natriuretic peptides, prostaglandines and nitric oxide (figure 2). In addition, 

otherr humoral compensation mechanisms are activated. Arginine-vasopressin has antidiuretic 

andd vasoconstrictive effects that contribute to the increased cardiac filling  pressures. Endothelin 

iss a potent vasoconstrictor which is derived from the endothelial cells. Apart from its vasoconstrictor 

properties,, it increases intracellular calcium and stimulates myocardial hypertrophy. These 

compensatoryy mechanisms are considered to be initially beneficial to maintain cardiac output but 

eventuallyy aggravate the disease process with a further decline in cardiac function. Medical 

interventionss interfering with these activated compensatory mechanisms have been shown to be 

beneficiall  by reducing both morbidity and mortality underscoring the fact that activated 

neurohumorall  mechanisms play an important role in heart failure. 

10 0 
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Figuree 2 The sydrome of heart failure 
Att some point in time, heart failure may progress independently of the cause and neurohormonal status 
off  the patient and becomes a disease process by itself. 
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Treatmentt  and futur e perspective in heart failur e 
Treatmentt of heart failure may be directed at relieving symptoms, improving quality of life, 

reducingg hospitalizations, reducing mortality, delaying disease progression and (ideally) reversing 

thee disease process. 

Diureticss are known for many years and are very effective to alleviate symptoms of fluid retention 

inn heart failure. However, they influence neither morbidity nor mortality and they do not influence 

thee disease process. Nitrates, in combination with hydralazine, have been shown to reduce 

mortality.""  The role of either a nitrate or hydralazine is less clear. The converting enzyme inhibitors 

(ACE-inhibitors)) have been conclusively shown to improve long-term prognosis in symptomatic 

andd asymptomatic heart failure patients.7 In addition, ACE-inhibitors reduce hospitalization rates 

andd delay the development of more severe heart failure. Digoxin has no effect on either overall or 

cardiovascularr mortality rate but reduces the number of hospitalizations for worsening heart failure.5* 

Digoxinn generally produces a short-term improvement in symptoms. Angiotensin-I receptor 

blockerss have been available for several years now and are registered for hypertension. Although 

treatmentt of heart failure with an AT-I receptor blocker on top of an ACE-inhibitor theoretically 

shouldd offer some advantage their exact place in the treatment of heart failure remains to be 

established.. At the present time, this class of drugs should probably be reserved for patients who 

cannott tolerate an ACE-inhibitor due to cough or other side effects because recent trials are not 

veryy convincing in demonstrating an additional effect of AT-1 receptor blockers."!l ) Spironolacton, 

aa mild, potassium-sparing diuretic counteracting aldosteron, was recently shown to reduce mortality 

inn more severe forms of heart failure." Finally, ^-adrenergic receptor blockers have been shown 

too have beneficial effects in mild and more severe forms of heart failure on top of treatment with 

ann ACE-inhibitor.5'12'13 A reduction of approximately 30% was seen in both morbidity and mortality. 

Tablee 1 summarizes some new, experimental therapies for heart failure interfering with the 

neurohormonall  and inflammatory responses in heart failure. 

Apartt from medical therapies that (1) reduce pre- and afterload of the left ventricle, (2) reduce 

volumee overload and (3) interfere with the activated neurohormonal systems other treatment 

modalitiess like biventricular pacing, left ventricular assist devices and heart transplantation can 

Tablee 1 

Somee new, experimental therapies for heart failure 

Endothelinn (ET-1) receptor blockade (bosentan) 
Centrall  a, adrenergic and imidazole receptor stimulation 
Natriureticc peptides (ANP and BNP) 
Tumorr necrosis factor and other cytokines antagonists (etanercept) 
Vasopressinn antagonist 
Parasympatheticc modulation 
G-protein-coupledd receptor modifiers (e.g. p ARK inhibitors) 
Inhibitorss of apoptosis 
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offerr additional benefit in more severe forms of heart failure. Tn the near future, the introduction 

off  angiogenesis and myogenesis, aiming at reversal of the disease process may lead to dramatic 

changess in the therapeutic approach of heart failure. 

Purposee of this thesis 
Becausee sustained sympatho-excitation as compensatory mechanism in heart failure is maladaptive 

(therebyy exerting detrimental clinical effects) and is correlated to prognosis, assessment of 

sympatheticc nervous activity is valuable to predict clinical outcome and to evaluate the effect of 

therapeuticc strategies in these patients. Tn addition, studies assessing cardiac sympathetic function 

wil ll  help us in understanding the syndrome of heart failure and the maladaptive consequences. 

Sympatheticc activation can be assessed in several ways. In this thesis, '-M-MetalodoBenzyl 

Guanidinee (MIBG), a structural analogue of norepinephrine (NE) is used. MIBG has been shown 

too be taken up by sympathetic nerves in a manner similar to NE but it is not metabolized. Myocardial 

uptakee can be visualized and quantified using a gamma camera and dedicated software. The aim 

off  this thesis was to study the influence of fl-blockers (metoprolol) and angiotensin converting 

enzymee inhibitors (enalapril) on cardiac sympathetic activation as measured by i23I-MIB G in 

patientss with heart failure. In addition, the relation between myocardial MIBG uptake and several 

hemodynamic,, clinical {including prognosis) and neurohormonal parameters was studied. 
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Heartt failure, pathophysiology and compensatory mechanisms 

Introduction n 
Thee concept of the pathophysiological mechanisms operative in the syndrome of heart failure has 

changedd dramatically in the past 20 years. For many years, heart failure was considered a 

hemodynamicc problem of pure pump dysfunction. Nowadays, heart failure is seen as a clinical 

syndromee consisting of a complex interplay of systolic and diastolic dysfunction, neuroendocrine 

activationn and altered peripheral vascular and muscular responses. These changes in the concept of 

heartt failure were paralleled by changes in medical therapy. Drugs designed to influence systolic 

functionn were shown to be deleterious or had a neutral effect on the disease process. In contrast, 

drugss that modulate the activated compensatory mechanisms in heart failure show beneficial effects 

onn both morbidity and mortality. With these new treatment modalities, the vision that myocardial 

failuree is an irreversible and progressive process is no longer valid. As stated by Eichhorn and 

Bristow,11 interventions such as treatment with ACE inhibition and [3-blockade that are primarily 

aimedd at a reduction in the harmful long-term consequences of neuro-endocrin activation can improve 

thee biological properties of the chronically failing heart irrespective of the cause of myocardial 

dysfunction.. These treatment modalities open a new era in the treatment of heart failure as was 

recentlyy shown in several large trials with ACE-inhibitors, p-blockers and spironolactone.21* 

Pathophysiologyy of heart failur e 
Generallyy speaking, heart failure is the result of an insult to myocytes resulting in a decline in 

systolicc and diastolic performance of the myocardium. This myocardial dysfunction is best 

demonstratedd by a downward and rightward shift in the Frank-Starling relation.4 The index events 

thatt lead to heart failure may include subclinical alterations of contractile function, perhaps at the 

levell  of contractile proteins within the myocyte, an acute inflammatory response, or sudden loss 

off  myocardial tissue as a result of acute myocardial infarction. Table 1 summarizes different 

Tablee 1 Etiology of heart failure 

myocardiall  infarction 
chronicc myocardial ischemia 
hemodynamicc overload 
hypertension n 
valvularr disease 

inflammation n 
genetic c 
idiopathic c 
miscellaneous s 
toxinss (alcohol, adriamycin) 
infiltrativee disease (amyloidosis, neoplastic) 
metabolicc (diabetes) 
postt partum 

tachycardiaa induced 
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indexx event 

diastolicc properties 
diastolicc volume t 
systolicc funct ion i 
systolicc volume t 

increasedd load 
decreasedd systemic perfusion 

sympatheticc activation (systemic, locally) 
angiotensinn I I t(systemic, locally) 
aldosteronn t(systemic, locally} 
parasympatheticc modulation 
endotnelin n 
vasopressin n 
inflammatoryy cytokines (TNF-u, IL- 1|.i, IL6) 
oxidativee stress 

alteredd gene expression LVV remodeling toxicc effects 
ischemia a 
energyy depletion 

apoptosis s 

celll death 

18 8 

Figuree Ï  Pathogenesis of heart failure. Head failure begins after an index event produces an initial 
declinee in pumping capacity of the heart. This initial decline in systolic function and diastolic properties 
willl  result in increased loading conditions and decreased systemic perfusion. A variety of compensatory 
mechanismss are activated, including the (para)sympathetic nervous system, the renin angiotensin system 
andd the cytokine system. Besides systemic activation of these compensatory mechanisms, local activation 
att the myocardial level occurs, including the so-called aldosteron escape. Ovcrcxpression of these 
biologicallyy active molecules can attribute to disease progression independently of the hemodynamic 
statuss of the patient. Ultimately, myocardial apoptosis and necrosis occur, thus further aggravating 
progressivee pump failure. 

etiologiess of heart failure. Among several causes of heart failure, coronary artery disease is the 

mostt frequently encountered in the western world."1 The decline in contractile function of the 

myocardiumm will result in activation of compensatory mechanisms to preserve cardiac output. 

Thesee may be located within the myocardium (e.g., hypertrophy, cardiac sympathetic activation, 

parasympatheticc modulation) and at the systemic level (e.g., renin-angiotensin, adrenergic 

stimulation).. These compensatory mechanisms can initially be considered as beneficial to support 

cardiacc function but eventually they aggravate the disease process because of their adverse 

biologicall  effects on the long term (Figure 1). Apart from their influence on myocardial function. 

activationn of these compensatory mechanisms also influences peripheral muscle function and 

bloodd supply thus contributing to the clinical manifestations of heart failure. The myocardial 

signalingg pathways involved in progressive myocardial dysfunction are summarized in table 2. 



Heartt failure, pathophysiology and compensatory mechanisms 

Tablee 2 signaling pathways involved in progessive myocardial dysfunction and remodelling 

signalingg pathway 

neurotransmitterss adrenergic 

compensatoryy effect adverse biological effects 

increasee heart rate myocyte toxic effects, 
apoptosis,, growth and 

;; remodeling, 
increasee contractility altered gene expression 
increasee preload 
myocytee hypertrophy 

growthh factors angiotensin II 

endothelin n 

increasee preload 

myocytee hypertrophy 
myocytee hypertrophy 

insulinn like growth factor myocyte hypertrophy 
fibroblastfibroblast growth factor myocyte hypertrophy 

cytokines s TNF-alfa a myocytee hypertrophy 

mechanicall  strain wall stretch increasee preload 

myocytee hypertrophy 

apoptosis,, growth and 
remodeling,, collagen 
deposition, , 
alteredd gene expression 
growthh and remodeling, 
alteredd gene expression 

apoptosis,, inflammation, 
growthh and remodeling, 
alteredd gene expression, 
metall  loproteinase activation 

apoptosis,, growth and 
remodeling,, altered gene 
expression n 

Adaptedd from: Why does the myocardium fail? Insights from basic science. Bristow MR Lancet 1998; 
3522 (suppl I): 8-14. 

Shortt  term compensatory mechanisms 
Inn response to an insult to pump function, two, interrelated neuroendocrine systems are activated.'' 

Throughh activation of the adrenergic nervous system, an increase in heart rate and contractility is 

established.. Activation of the renin-angiotensin-aldosteron system is the consequence of inadequate 

renall  perfusion in heart failure resulting in the generation of angiotensin I. This peptide is converted 

byy the angiotensin converting enzyme into angiotensin II . Angiotensin II is a potent vasoconstrictor, 

inducess myocardial hypertrophy and facilitates the release of aldosterone which results in sodium 

andd water retention and a subsequent increase in cardiac loading conditions. Both the activated 

adrenergicc system and the renin-angiotensin-aldosteron system evoke an increase in preload and 

cardiacc myocyte hypertrophy.1216 In order, heart rate and contractility increases are quickly operating 

mechanisms,, whereas increase in preload and myocyte hypertrophy are a relatively late phenomenon 

thoughh beneficial to maintain cardiac output. 
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Longg term effects of activated compensatory mechanisms on cardiac myocytes 
Continuedd cardiac stimulation by neurotransmitters, growth factors and cytokines will result in 

deleteriouss effects on cardiac myocytes, matrix and geometry of the ventricles, a process known 

ass remodeling of the ventricles (table 2). 

Cardiacc myocyte loss is a common feature of advanced states of heart failure irrespective of the 

causee and should be considered an intrinsic part of the disease process.17'9 Cell loss occurs via 

twoo mechanisms: necrosis and apoptosis. Cardiac norepinephrine release211 and exposure to 

angiotensinn II21 can produce cell necrosis in models of heart failure. Besides, cell necrosis can 

occurr in the setting of an acute event, such as interruption of myocardial bloodsupply or severe 

inflammation.. Apoptosis, the process of programmed cell death is intensified in heart failure and 

contributess to cell loss.22 Exact mechanisms in human hearts are unknown but the intermediates 

responsiblee for apoptosis appear to be upregulated in the failing heart. Further upregulation is 

possiblyy accomplished through elevated tissue levels of angiotensin II and norepinephrine.2' 

Apoptosiss induced by norepinephrine is probably mediated mainly through ^-adrenergic receptors 

ass demonstrated in rat ventricular myocytes.24 In addition, elevated levels of tumor necrosis factor-

edd can also induce cell apoptosis in the myocardium.25 Since cardiac myocytes do not divide, 

cardiacc cell loss is part of the vicious circle leading to a further decline in cardiac function. 

Depositss of collagen matrix tissue accompany the loss of cardiac myocytes. Patients with non-

ischemicc etiology of their cardiomyopathy have higher than normal amounts of interstitial matrix. 

Whetherr these increased collagen deposits are due to synthesis of new collagen or inhibition of 

collagenn breakdown is unknown. 

Thee net result of the remodeling process is a reduction in the number of cardiac myocytes, side to 

sidee slippage of myocytes, a reduction in contractile filament mass, and proliferation of interstitial 

matrix,, which includes focal and perivascular fibrosis.26 In addition, endothelium-dependent NO-

mediatedd vasodilation in response to hormonal agonists and shear stress during exercise is decreased 

inn the skeletal muscle and coronary circulation of patients with heart failure (irrespective of the 

etiology)) compared with normal subjects.27'2'' It was recently demonstrated that a specific decrease 

inn synthetic activity of the L-arginine-NO metabolic pathway plays an important role in this 

disturbancee of vasodilation30 possibly contributing to the syndrome of heart failure. 

Finally,, it is becoming increasingly clear that disturbances in calcium homeostasis accompany 

heartt failure.31 ^ 

Peripherall  effects of activated compensatory mechanisms 
Exercisee intolerance and fatigue are among the most frequent and debilitating symptoms in patients 

withh mild, moderate and more severe congestive heart failure. These symptoms are partially 

causedd by a decreased cardiac output. However, the severity of these symptoms correlates poorly 

withh indexes of cardiac function such as ejection fraction and hemodynamic measurements.-;"^ 



Heartt failure, pathophysiology and compensatory mechanisms 

Thiss discordance has focused attention on peripheral pathophysiological mechanisms to explain 

thee impaired exercise capacity both at the maximal and the submaximal level assuming that 

exercisee is limited in part by alterations in peripheral blood flow, muscle sympathetic nerve activity 

andd intrinsic skeletal muscle architecture. These alterations occur either as a manifestation of the 

syndromee of heart failure or as a consequence of the resulting decrease in activity. 

Peripherall  blood flow 

Thee question whether abnormalities in peripheral blood flow with reduced oxygen delivery to 

exercisingg muscle play a role remains uncertain. Abnormalities in peripheral blood flow have 

beenn demonstrated1819 but also disputed recently.40-41 These blood flow limitations during exercise 

limitt oxygen uptake and augment glycolysis. Early exertional fatique may, to some extent, be 

attributedd to this mechanism, especially during maximal exercise. 

Musclee sympathetic nerve activity 

Increasedd sympathetic outflow has been demonstrated in heart failure. An inverse relationship 

betweenn peak oxygen uptake and exercise limitation on the one side and resting sympathetic 

nervee traffic to muscle on the other side has been proposed to add to peripheral limits in exercise.42 

However,, the importance of this finding remains unclear. It might well be an epi-phenomenon of 

neurohormonall  overactivity. 

Intrinsi cc muscle abnormalities 

Severall  changes in muscle architecture and metabolism are being recognized in recent years. 

Thesee include muscle atrophy, changes in fiber type distribution, reduced oxidative capacity and 

decreasedd capillary density in skeletal muscle. In addition, major metabolic disturbances are 

increasinglyy recognized in congestive heart failure leading to the concept of cardiac cachexia.4344 

Thesee changes can be considered as secondary peripheral manifestations of the syndrome of 

heartt failure and are probably partly mediated by neurohormonal overactivity.45 
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Thee sympathetic nervous system 
Thee sympathetic nervous system is activated in patients with heart failure. At the systemic level, 

plasmaa norepinephrine (NE) levels are increased, predominantly caused by an increased release 

fromm the adrenal medulla and sympathetic nerve endings (especially in the heart) and a decreased 

plasmaa clearance through the kidney and reduced re-uptake in the sympathetic nerve endings. In 

milderr forms of heart failure, a correlation has been demonstrated between plasma concentrations 

off  norepinephrine and mortality.' ~ However, the activation of the sympathetic nervous system in 

heartt failure does not involve elevated sympathetic nerve outflow to all organs in a homogeneous 

manner.. Rather, regional sympatho-excitation is seen and appears to be preferentially directed to 

thee heart and kidneys.''"" 

Cardiacc NE is released from the presynaptic neuron into the synaptic cleft (figure 1). In the 

synapticc cleft, NE binds to (3, receptors resulting in a positive inotropic response of the myocyte. 

NEE is mainly removed (and thus inactivated) from the synaptic cleft through re-uptake in the pre-

synapticc nerve endings. At the presynaptic level, two uptake mechanisms are operative, the uptake-

II  mechanism, which dominates at relatively low concentrations of NE in the synaptic cleft and is 

sodium-- and ATP-dependent. The uptake-2 mechanism becomes activated at higher levels of NE 

andd is a passive process. In addition, at higher concentrations, NE is removed from the synaptic 

cleftt by spillover to plasma. 

Presynapticc NE release is regulated through systemic sympathetic activation and can be reduced 

Figuree 1 Schematic representation of 
thee interaction between presynaptic 
neuron,, the synaptic cleft and the 
myocyte e 

uptakee 2 uptake 1 

êê t 
**  « P 

norepinephrinee m 
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byy clonidine, a drug known to cause inhibition of central inhibition of sympathetic outflow7. 

However,, sympatho-excitatory pVreceptors*  and angiotensin-!! receptors contribute to NE release 

fromm the nerve terminals. In addition, recent research'' -'"has focused on the role of parasympathetic 

controll  of cardiac sympathetic activity indicating that the lack of basal parasympathetic inhibition 

off  cardiac sympathetic activity may play a role in the pathogenesis of increased cardiac sympathetic 

activationn in heart failure. 

Inn summary, in the failing human heart, an increased concentration of NE in the synaptic cleft is 

observed.. These elevated levels of NE are considered to be the result of an increased firing rate, 

aa decreased efficiency of NE uptake (probably related to a decreased number of uptake sites) or 

both.. These disturbances in NE metabolism will result in depletion of intraneuronal myocardial 

NEE content and down regulation of the myocardial ^-adrenoceptors. 

Becausee sustained sympatho-excitation is maladaptive in heart failure thereby exerting detrimental 

effectss and is correlated to prognosis, assessment of sympathetic nervous activity is valuable to 

predictt clinical outcome and to evaluate the effect of therapeutic strategies in these patients. 

Severall  quantitative and qualitative tools are used to assess different parts of regional and systemic 

sympatheticc activity. 

Methodss to assess cardiac sympathetic activity in vivo 
Plasmaa norepinephrine levels. 
Plasmaa norepinephrine concentrations can be measured. In large cohorts of patients with heart 

failure,, a correlation between mortality and plasma NE levels has been demonstrated.1- There are 

288 however, large inter- and intra-individual fluctuations in measured NE levels. This makes plasma 

NEE levels difficult to use as a prognostic marker of the the syndrome of heart failure in an individual 

patient.. Moreover, plasma NE levels are not directly correlated to cardiac sympathetic activity for 

twoo reasons. Firstly, plasma levels depend not only on the rate of release of NE but also on the rate 

off  clearance from the plasma pool. In patients with heart failure, it is estimated that approximately 

50%% of the observed increase in the plasma concentration of NE is due to reduced clearance.1" 

Secondly,, cardiac contribution to the total plasma pool of NE is relatively small (approximately 3 to 

10%% in patients with heart failure). Therefore substantial changes in the rate of cardiac NE release 

mayy not be detected if only plasma concentration is measured. However, in patients with heart 

failure,, the heart appears the site where sympatho-excitation is the most prominent. 

Itt should be emphasized that lowering of plasma NE levels perse is not related to mortality. This 

wass recently demonstrated for moxonidine (MOXCON study, unpublished data) and some years 

agoo for ibopamine.i: These two randomized, placebo controlled trials showed a significant reduction 

inn plasma NE levels. However, mortality wras increased in the actively treated groups as compared 

too placebo. 
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Norepinephrinee spillover. 
Elevatedd cardiac norepinephrine spillover as measured by isotope-dilution techniques is a very 

sensitivee and reproducible method to quantify cardiac sympathetic activity in heart failure.13,14 

Tracerr amounts of radioactive norepinephrine are infused to steady state concentrations. Arterial 

andd coronary sinus bloodsamples are taken and coronary sinus plasma flows are derived from 

thermodilution-determinedd blood flows and the hematocrit. The rate of norepinephrine spillover 

iss calculated according to the Fick principle, (mostly) corrected for fractional extraction of [3H]NE 

acrosss the heart141-. The increase in the rate of NE appearance in the coronary sinus plasma (as 

reflectedd by an increase in NE spillover) results from an increase in cardiac sympathetic nerve 

firingfiring and neuronal release but has also been attributed to a reduced neuronal re-uptake (uptake-

11 mechanism) of NE by the cardiac sympathetic nerves. The major drawback of this method is its 

invasivee nature and therefore it is not suitable for routine clinical use. 

Cardiacc norepinephrine gradient. 
Thee cardiac norepinephrine gradient is assessed by subtracting the plasma norepinephrine 

concentrationn in the ascending aorta from that in the coronary sinus. This method is especially 

usedd to assess cardiac release of norepinephrine in response to a tyramine challenge1'' in cardiac 

transplantt recipients. The tyramine-mediated release of norepinephrine in these patients implies 

thatt sympathetic reinnervation is possible after orthotopic cardiac transplantation.17 

Scintigraphicc imaging with 123I-MetaiodobenzyIguanidine (I23I-M1BG) . 
MIBGG has been shown to be taken up by sympathetic nerves in a manner similar to norepinephrine 

butt it is not metabolized. Neuronal uptake in the myocardium is mainly achieved through the 

sodiumm dependent active uptake-1 mechanism. A sodium independent neuronal uptake of MIBG 

hass been reported at higher concentrations of MIBG and is probably the result of passive diffusion. 

Thiss mechanism is of minor importance in clinical practice because the concentrations at which 

thiss mechanism has been described may never occur under physiological circumstances. Thus, 

thee distribution of MIBG in the myocardium depicts the distribution of sympathetic neurons with 

functioningg uptake mechanisms. MIBG uptake can thus be considered a sensitive index of nerve 

functionn and viability. 

Cardiacc MIBG uptake has been related to mortality and severity of disease. l*~22 Moreover, cardiac 

MIBGG uptake can be influenced by medical interventions like converting enzyme inhibitors:3and 

^-blockers242",, drugs that are known to favorably influence morbidity and mortality in heart 

failure.. Cardiac uptake of '--'I-MIBG can be visualized non-invasively by scintigraphy, either 

usingg planar or tomographic imaging. 

Itt is essential to quantify cardiac MIBG uptake in orderr to use it in research and clinical practice. 

Severall  methods have been used. Regional cardiac i:jI-MIB G uptake can be quantified relative to 
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thee highest uptake in the myocardium in both planar and tomographic images.-0'1 This relative 

scalingg only provides information on localized cardiac pathology and is not suitable in clinical 

evaluationn of changes in cardiac MIBG uptake due to therapeutic interventions. A slightly different 

approachh correlates myocardial MIBG uptake to thallium distribution/2-" Areas showing reduced 

MIBGG uptake relative to 20,thallium are considered denervated. Regional uptake in these regions 

cann be quantified. To correct for the nonspecific (nonvesicular) |:T-MIBG uptake and differences 

inn attenuation, the mediastinum is frequently used as a reference for the quantification of myocardial 

MIBGG uptake in planar scintigraphy more or less assuming that mediastinum uptake is constant. 

Thee use of a reference region has recently been debated.14 Changes in heart/mediastinum ratio 

weree attributed to confounding changes in mediastinal uptake. An alternative quantification method 

wass developed and validated in our institution using high quality Single Photon Emission 

Computerizedd Tomography (SPECT) imaging.1^ In this method, the count density (cd) in the left 

ventricularr cavity is used as a reference. Volumes of myocardium and left ventricular cavity are 

reconstructedd from SPECT acquisitions. The left ventricular cavity count density is calibrated by 

thee l2-I activity in a venous blood sample (BS), drawn at the time of acquisition. Subsequently, 

cardiacc 1211-MIBG uptake can be calculated according to the equation: 

Cardiacc l2T-MIBG uptake - (Myocardial cd/Cavity cd).BS (Bq/ml) 

Sincee the left ventricular cavity is contained within the myocardial area the influence of attenuation 

cann be neglected. Myocardial uptake has to be corrected for both thee physical decay of the isotope 

andd the dose administered. 

30 0 
Positronn emission tomography with CM-hydroxyephedrine (HED) and 
Cn-epinephrinee (EP1). 
Decreasedd HED retention is related to functional changes of the sympatho-adrenergic system and 

hass been correlated to uptake-1 -carrier density and local norepinephrine content with regional variation 

inn idiopathic dilated cardiomyopathy.1" In addition, it has been shown that left ventricular areas of 

reducedd HED uptake show markedly reduced perfusion responses to sympathetic stimulation.1" 

Thee presynaptic uptake-1 mechanism is also responsible for the myocardial accumulation of EPI. 

Tracerr retention of EPI is higher than HED with a longer clearance half-time for EPI than for 

HEDD suggesting a more efficient retention mechanism for EPI and is dependent on vesicular 

storagee and metabolism.1* 

Indirectt  measurement of sympathetic activity. 
Heartt rate and especially heart rate variability (HRV) are strongly influenced by activation of the 

sympatheticc nervous system. In patients with heart failure, heart rate is higher and HRV is reduced. 
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Powerr spectrum analysis is frequently used to analyze the relative contribution of the sympathetic 

andd the parasympathetic nervous system. Low frequency oscillations (0.04-0.15 Hz) are believed 

too be evoked by sympathetic activity. High frequency oscillations (0.15-0.4 Hz) in the spectrum 

aree influenced by parasympathetic activity. Generally speaking, heart rate variability is reduced 

inn heart failure with a shift to low frequency oscillations. 

Musclee sympathetic nerve traffi c 
Finally,, measuring muscle sympathetic nerve traffic ('MSNA) can assess sympathetic activity at 

thee effector level. In heart failure, MSNA is increased as measured by microneurographic 

quantificationn of the number of bursts in postganglionic sympathetic fibres to skeletal muscle. 

Moreover,, with increasing severity of disease, MSNA increases.3" Increased MSNA has also 

beenn demonstrated in subjects with hypertension. 

Mechanismss mediating the toxicity of chronic 
sympatheticc stimulation 
Althoughh increased levels of norepinephrine as a result of chronic sympathetic overstimulation 

aree not the sole factor responsible for the process of heart failure, they certainly play an important 

role.. Several mechanisms of action have been attributed at the level of the myocyte to the 

progressivee disease process (Table 1). Firstly, norepinephrine contributes to cardiac cell necrosis 

andd apoptosis.40-41 In addition, many other factors have been shown to trigger apoptosis, which 

alsoo have been implicated in the pathogenesis of heart failure. These factors include tissue necrosis 

factor,, angiotensin II, myocardial stretch and oxidative stress.40 4:4Ï Secondly, chronic activation 31 

off  the sympathetic nervous system contributes to the development of dilation of the left ventricle, 

nott only by altering loading conditions (by causing peripheral vasoconstriction and by enhancing 

intravascularr volume by impairment the excretion of salt and water by the kidneys) but possibly 

alsoo by a direct effect on the myocytes and the extracellular matrix. These effects can lead to 

increasedd myocardial oxygen demand. Thirdly, norepinephrine can provoke arrhythmias in patients 

Tablee 1 

Mechanismss mediating toxicity of catecholamines in failing myocardium 

increasingg dysfunction of myocytes 
stimulationn of apoptosis and necrosis 
stimulationn of ventricular remodeling 
peripherall  vasoconstriction thus increasing afterload 
saltt and water retention by the kidneys 
inductionn of arrhythmias 
inductionn of ischemia by an increase of heart rate 
abnormall  force frequency relation 
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withh heart failure by increasing automaticity of cardiac myocytes44 4? and by increasing the transport 

off  potassium from the extracellular space to the intracellular compartment.46 Both these effects 

aree mediated through stimulation of the [3,-receptors. Stimulation of p\ receptors leads to changes 

inn Ca^-influx across the sarcolemma which is critical for the induction of ventricular arrhythmias 

ass higher concentrations of intracellular calcium induce afterdepolarizations especially under 

conditionss that favor Ca:+-loading (hypoxia, increased catecholamines, digitalis toxicity). 

Inn addition, stimulation of o^-receptors by norepinephrine may increase delayed after-

depolarizationss and triggered activity, especially in the presence of myocardial ischemia.47 It 

shouldd be emphasized that NE can also produce arrhythmias by its ability to cause myocardial 

ischemia,, hypertrophy and fibrosis. It was recently demonstrated that abnormal heterogeneous 

sympatheticc innervation of the myocardium exists in dogs with inherited ventricular arrhythmias 

andd sudden death suggesting a relation between sympathetic nerve distribution and arrhythmias.32 

Inn addition, in patients with arrhythmogenic right ventricular dysplasia, regional abnormalities of 

sympatheticc activation can be demonstrated by I'-MvlIB G scintigraphy.4" 

Finally,, activation of the sympathetic nervous system has a positive chronotropic effect, thereby 

adverselyy affecting the relation between myocardial oxygen demand and supply. In addition, 

tachycardiaa may exacerbate the abnormal force frequency relation that is known to exist in the 

failingg heart (i.e. a decrease in contractile force with increasing heart rates).49 
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p-blockerss in heart failure 

PARTI I 

Introduction n 
Treatmentt for heart failure may be directed at relieving symptoms and/or improving prognosis. 

Diureticss are known for many years as therapeutics in heart failure and they are very effective in 

symptomm relief. Vasodilators and inotropes also have beneficial effects on symptom relief especially 

inn the acute phase through changes in cardiac output, filling  pressures and renal perfusion. However, 

nonee of these treatments that produce short-term relief have been shown to influence the disease 

processs and thereby improve mortality. Indeed, many of these drugs may even lead to untoward 

long-termm clinical outcomes as has been shown for example for milrinone' and ibopamine.2 

Theree is overwhelming evidence that drugs interfering with thee neurohormonal activation in heart 

failuree not only produce symptomatic relief but also are capable of attenuating disease progression 

withh concomitant reductions in both morbidity and mortality. About a decade ago, convincing 

andd large scale evidence showed that ACE-inhibitors by antagonizing the activated renin 

angiotensinn system produced favorable effects.34 More recently, p-blockers, antagonizing the 

activatedd sympathetic system were shown to be beneficial on the long term in moderate severe 

heartt failure both in terms of significant improvements in morbidity and mortality.5 6 The RALES 

studyy further amplified the concept that drugs that interact in the neurohormonal system have 

beneficiall  effects. In this study, spironolactone, a weak, potassium sparing diuretic counteracting 

aldosteronn showed a reduction in mortality in more severe forms of heart failure.7 

Classess of [3-blockers 
Dependingg on their affinity for adrenergic receptors, P-blockers can be divided into 3 classes. 

Non-selectivee p-blocking agents have equal affinities for blocking p, and p, receptors. They do 

nott block a-receptors. These compounds are not used in the treatment of heart failure. 

Thee second generation P-blockers have a high affinity for p( receptors as compared to p: receptors 

inn an attempt to reduce some of the peripheral and pulmonary side effects of p-blockers that are 

mediatedd in part through p,-blockade. The selective P-blockers metoprolol and bisoprolol have 

beenn extensively used in heart failure research and have been shown to reduce mortality and 

morbidity.Sf> > 

Thirdd generation p-blockers (carvedilol, bucindolol) are non-selective in their affinity for p-

receptorss but have vasodilating properties through their a,-blocking properties, Nebivolol is a 

thirdd generation P-blocker with marked Pj-selectivity and vasodilating properties related to 

potentiationn of nitric oxide. These compounds were originally designed for the treatment of 

hypertensionn but were shown to be effective in heart failure as well. The US Carvedilol studies 

showedd a significant reduction in mortality during long-term treatment with carvedilol in patients 
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withh chronic stable heart failure.**  In contrast to the second generation P-blockers. third generation 

compoundss do not upregulate downregulated f3 -adrenergic receptors. Carvedilol also exerts anti-

oxidantt properties but the significance of this in heart failure remains unclear. 

Althoughh their pharmacological profile would suggest that third generation compounds like 

carvediloll  and bucindolol would be more effective than second generation P-blockers (metoprolol, 

bisoprolol)) in the treatment of heart failure there is no robust evidence from phase 3 trials to 

confirmm this conclusion. Limited data suggest that third generation compounds produce more 

beneficiall  effects on left ventricular function.9 However, other studies demonstrate no difference 

betweenn a second- and third-generation compound.101: The ongoing Carvedilol or Metoprolol 

Europeann Trial (COMET) directly compares the effects on mortality in heart failure patients of 

carvediloll  and metoprolol and will give an answer on the question whether, from a clinical point 

off  view there is a difference between second- and third-generation P-blockers. 

Hemodynamicc effects of (3-blockers in heart failur e 
Probablyy because left ventricular ejection fraction can be determined relatively easily, it is the 

mostt frequently used hemodynamic parameter in heart failure research. Besides, it has been 

demonstratedd that ejection fraction is an important predictor of prognosis.1MS There is a remarkable 

consistencyy in reported trials with regard to an improvement of left ventricular ejection fraction 

duringg chronic treatment with p-blockers.11 -lft"19 This improvement in ventricular function is due to 

increasedd systolic ventricular performance.20"2 In turn this increased performance is related to 

enhancedd contractility.23 Improvements in diastolic properties with a shift of the Frank-Starling 

relationn up and to the left has been demonstrated for bucindolol24, carvedilol25 and metoprolol.1*2ö27 

Acutee hemodynamic responses to p-blockers include a decrease in heart rate, systemic vascular 

resistancee and a drop in mean arterial pressure. Mean pulmonary capillary wedge pressure, cardiac 

indexx and stroke work do not change. 

Clinicall  effects of p-blockers in heart failur e 
Conflictingg results have been published with regard to changes in functional parameters in patients 

withh heart failure during p-blocker treatment. It should be emphasized that in the beginning of 

treatmentt with a p-blocker, a temporary increase in symptoms can occur which will disappear on 

continuation.. The Australia-New Zealand trial reported a trend toward worse symptoms and 

worseningg NYHA class at 6 months of treatment, although by 12 months such differences had 

disappeared.. 2!1 2<J In contrast, the large US trials*  of carvedilol have been shown to improve 

symptomss during long-term treatment although a trend toward improvement in quality of life has 

nott been significant. The effects of P-blockers on functional class were recently addressed in a 

meta-analysiss by Lechat showing a borderline significance on improvement of functional class.1* 

However,, this favorable effect was not very convincing, probably related to the fact that most 
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trialss had a short duration of follow-up and enrolled patients with class II symptoms, in whom 

demonstrationn of clinical benefit may be difficult. The recently published RESOLVD study showed 

noo change in NYHA functional class and quality of life after 6 months of treatment with 

metoprolol.11**  In contrast, a randomized study by Sanderson et al. comparing metoprolol and 

carvediloll  in a randomized study found significant improvements in all functional parameters for 

bothh compounds with no differences between the two agents.12 

Thee reported influence of p-blockers on exercise capacity is conflicting. Although some studies 

havee reported statistically significant improvement in total exercise duration during treadmill 

exercisee testing, others have not. However, robust conclusions can not be drawn from these 

observationss because of differences in study design, small patient numbers studied (ranging from 

100 to 380) and different types of (i-blockers used. It seems that most studies with a selective p:-

blockerr (like metoprolol) show an increase in exercise capacity with the MDC,<P trial with 380 

patientss as the best example. However, the recently published RESOLVD trial found no difference 

inn the results of a six-minute walking test after 6 months of treatment with metoprolol.14 

Generallyy speaking, p-blockers do not increase maximal oxygen consumption.-1 

Thee reason for the absence of consistent improvement in functional parameters with the use of 

P-blockerss is likely to be multifactorial. A major concern when interpreting reported results are 

thee patient numbers in individual trials varying from 12 to 4000, relatively short follow-up periods, 

differencess in design, patient selection and assessment of functional parameters. 

Finally,, results of assessment of functional parameters in trials should be interpreted with caution 

becausee P-blockers reduce mortality. Thus, more patients in the placebo arm with severe congestive 

heartt failure will be eliminated leading to an apparent improvement or maintenance of functional 

parameterss in placebo treated patients. 

Effectss of p-blockers on mortalit y and (re)hospitalization 
Thee addition of a P-blocker to conventional therapy is associated with a significant impact on 

bothh morbidity and mortality. The initial reports on the effect of P-blockers in heart failure were 

nonrandomizedd studies, but they have since been followed by a number of randomized, placebo 

controlledd trials primarily designed to study hemodynamic and functional effects of p-blockers in 

heartt failure. One of the first larger trials designed as a mortality study was the MDC trial in 

patientss with idiopathic dilated cardiomyopathy.'" OBIS Vz included both ischemic and non-

ischemicc cardiomyopathies but had insufficient power to demonstrate mortality benefits. 

Inn 1996, results of the US Carvedilol Heart Failure Study Group were published indicating 

forr the first time a significant mortality and morbidity reduction with carvedilol a non selective 

P-receptorr antagonist that also blocks ot-receptors and exerts antioxidant effects/ The contribution 

off  these latter two properties on the beneficial effects in heart failure is a matter of controverse. 

Concernn has been raised about the fact that in this study a relatively large proportion of the 
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Tablee 1 Overview of studies included in the meta-analysis 

Triall  Year of Number of Number of deaths (%) 
publicationn patients 

beta-blockerr placebo 

Engelmeierr (35) 
Pollockk (36) 
Lechatt (37) 
Woodley(38) ) 
MDCC (30) 
Wisenbaughh (21) 
Fisherr (39) 
Bristoww (40) 
CIBISK32) ) 
Eichhornn (22) 
Mctraa (41) 
Olsenn (25) 
Kmmm (42) 
Bristoww (43) 
Packerr (44) 
Coluccii  (45) 
Cohnn (46) 
ANZZ (29) 
CIBISS 11 (5) 
MERITT HF (6) 
RESOLVD(19) ) 
dee Milliano(47) 
Copernicuss (87) 
BESTT (88) 

Overall l 
standardized d 

1985 5 
1990 0 
1991 1 
1991 1 
1993 3 
1993 3 
1994 4 
1994 4 
1994 4 
1994 4 
1994 4 
1995 5 
1995 5 
1996 6 
1996 6 
1996 6 
1997 7 
1997 7 
1999 9 
1999 9 
2000 0 
2000 0 
2001 1 
2001 1 

metoprolol l 
bucindolol l 
nebivolol l 
bucindolol l 
metoprolol l 
nebivolol l 
metoprolol l 
bucindolol l 
bisoprolol l 
metoprolol l 
carvedilol l 
carvedilot t 
carvedilol l 
carvedilol l 
carvedilol l 
carvedilot t 
carvedilol l 
carvedilol l 
bisoprolol l 
metoprolol l 
metoprolol l 
metoprolol l 
carvedilol l 
bucindolol l 

25 5 
19 9 
12 2 
49 9 

383 3 
24 4 
50 0 

139 9 
641 1 

24 4 
40 0 
59 9 
49 9 

345 5 
278 8 
366 6 
105 5 
415 5 

2647 7 
3991 1 
426 6 

54 4 
2289 9 
2708 8 

15138 8 

1/9 9 
0/12 2 
0/6 6 
0/29 9 
23/194 4 
1/11 1 
1/25 5 
4/105 5 
53/320 0 
0/15 5 
0/20 0 
1/36 6 
3/33 3 
12/261 1 
6/133 3 
2/232 2 
2/70 0 
21/207 7 
156/1327 7 
145/1990 0 
8/214 4 
4/43 3 
130/1156 6 
411/1354 4 

984/7802 2 

(11% % 
(0% % 
(0% % 
(0% % 

(12% % 
(9%, , 
( 4 % Ï Ï 

(4%" (4%" 
(17% % 
(0% % 
(0% % 
(3% % 
(9%] ] 
(5%) ) 
(5%) ) 
(1%) ) 
(3%) ) 

(10%) ) 
(12%) ) 
(7%) ) 
(4%) ) 
(9%) ) 

(11%) ) 
(30.4%) ) 

(12.6%) ) 

)) 2/16 
>> 0/7 
)) 0/6 
)) 0/20 

21/189 9 
0/13 3 
2/25 5 
2/34 4 
67/321 1 
0/9 9 
0/20 0 
0/23 3 
2/16 6 
13/84 4 
11/145 5 
5/134 4 
2/35 5 
29/208 8 
228/1320 0 
217/2001 1 
17/212 2 
i/ l l l 
190/1133 3 
449/1354 4 

1258/7336 6 

(13%) ) 
(0%) ) 
(0%) ) 
(0%) ) 

(11%) ) 
(0%) ) 
(8%) ) 
(6%) ) 

(21%) ) 
(0%) ) 
(0%) ) 
(0%) ) 

(13%) ) 
(15%) ) 
(8%) ) 
(4%) ) 
(6%) ) 

(14%) ) 
(17%) ) 
(11%) ) 
(8%) ) 
(9%) ) 

(17%) ) 
(33.2%) ) 

(17.1%) ) 

patientss was in functional class II with an overall low mortality in the placebo group (7.8%). The 

absolutee number of deaths was low, 31 in the placebo group and 22 in the carvedilol group. The 

relativee risk reduction however, was high: 65% (PO.001, 95% confidence interval 39 to 80%). 

Twoo recently published trials, CIBIS II5 and MERIT'1 with bisoprolol and metoprolol respectively 

weree terminated premature because interim analysis showed significant reductions in mortality 

andd hospitalizations. Results of these two large scale trials confirm the meta-analysis'6 of earlier 

performed,, randomized trials indicating that the use of fj-blockers (selective or non-selective) is 

associatedd with a reduction in mortality of approximately 30% and a reduction of hospitalizations 

forr heart failure of the same magnitude. 

Thee observed reduction in mortality was attributed for a substantial part by a reduction of sudden 

deathh emphasizing that ^-blockers exert their beneficial effects on mortality at least in part by the 

preventionn of life threatening arrhythmias. It remains unclear whether this action is mediated through 
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thee effect of ^-blockers on the sympathetic overactivity, their anti-

ischemicc effects or both. 

Sincee both bisoprolol (CIBIS It) and metoprolol (MERJT) are highly 

selectivee Pt-blockers without any other relevant pharmacological 

activitiess it is most likely the P{-adrenoceptor blockade which 

explainss the beneficial effects of these drugs. These findings 

probablyy indicate that the beneficial effect of carvedilol is also based 

uponn P(-adrenoceptor blockade although this compound displays 

somee additional pharmacological activities. 

Meta-analysiss of mortalit y of randomized, placebo-
controlledd p-blocker  trial s in heart failur e 
Threee meta-analyses of the effects of p-blockade on mortality have 

beenn published in 1997 and 1998.-1 ]f,-}*  These analyses supported 

thee concept that ^-blocker therapy has a favorable effect on mortality. 

Afterr these publications, several large scale, randomized trials have 

beenn conducted and published recently.5 Mq We performed a meta-

analysiss of all placebo-controlled trials with P-blockers in patients 

withh congestive heart failure irrespective of etiology that reported 

mortality.. All 18 studies published in the meta-analysis by Lechat 

inn 1998 were included. A MEDLINE search was performed and 

identifiedd an additional 4 controlled trials with P-blockers in heart 

failuree reporting on mortality. . . 

Thus,, a total of 24 trials qualified for inclusion and are summarized 

inn table l.^1^21 m^w--*-  ̂ The outcome measure used in this 

meta-analysiss was all cause mortality. For each trial, 2x2 tables were constructed for the number 

off  pVblocker- and placebo-treated patients who died. Relative risks (RR) and absolute risk 

differencess (ARDs) were calculated with placebo or P-bloeker as the reference group, so that 

treatmentt benefit was associated with a RR less than 1 or an ARDs less than zero. The relative 

riskk reduction was calculated from the formula (1 -RR )x 100%. Negative ARDs were expressed as 

numberr of events avoided per 1000 patients treated, and numbers needed to treat as the reciprocal 

off  the ARDs. Overall event rates were calculated as weighted averages of the trial-specific rates 

withh weights proportional to the total sample sizes of the trials. The overall point estimates for 

RRR and ARD were calculated using Mantel-Haenszel estimate for the common RR and the inverse 

variancee weights formula for the common ARD.4S The corresponding 95% confidence intervals 

weree calculated by the test-based method using the Mantel-Haenszel chi-square statistici 

AA total of 1258 deaths (17.1%, standardized 17.0%) were reported among 7336 patients who 

Relativee risk 
(95%-Cl) ) 

0.89(0.09-8.50) ) 

1.07(0.611 - 1.86) 

0.50(0.05-5.17) ) 
0.65(0.12-3.38) ) 
0.79(0.57-- 1.10) 

0.73(0.14-3.93) ) 
0.30(0.14-0.63) ) 
0.60(0.23-- 1.56) 
0.23(0.05-- 1.17) 
0.50(0.07-3.40) ) 
0.733 (0.43- 1.23) 
0.68(0.56-0.82) ) 
0.67(0.555 -0.82) 
0.47(0.211 - 1.06) 
1.02(0.133 -8.26) 
0.67(0.555 -0.83) 
0.92(0.82-- 1.02) 

0.733 (0.68 - 0.79) 
0.76(0.711 -0.82) 

Mean n 
followw up 
(months) ) 

12 2 
3 3 
1.5 5 
3 3 

16 6 
3 3 
6 6 
3 3 

24 4 
3 3 
4 4 
4 4 
3.5 5 
6.5 5 
6 6 
6.5 5 
6 6 

19 9 
16 6 
12 2 
6 6 
6 6 

10.4 4 
24 4 
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Trialss of (3 - blockers vs. Placebo 
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Relativee Risk (95% - CI) 

0.00 1.0 

pp - blocker better 

2.0 0 

controll better 

3.0 0 

Figuree 1 Relative risk of total mortality, with 95% confidence intervals of published trials of treatment 
off  heart failure with fj~blockers. In 7 trials, no deaths were observed and relative risk could not be 
calculated.. Therefor, they are not included in figure 1. 
Thee overall relative risk is standardized 

receivedd placebo, compared with 984 deaths (12.6%. standardized 13.0%) among 7802 patients 

randomizedd to a P-blocker. Figure 1 summarizes the relative risks of each individual trial. 

Theree was a statistically significant 27% reduction in risk associated with P-blocker treatment 

(RRO.73;; 95% CI 0.67-0.79): P=0.00001). The absolute risk reduction was -47c. which implies 

that,, over approximately 1 year. (3-blockers prevent 4 (95% confidence interval 2.8-5.2) deaths 

perr 100 patients treated, and that it would be necessary to treat 25 patients to prevent one death. 

Basedd on the results of this meta-analysis and the results of previously published meta-analyses 

theree is now convincing evidence supporting a beneficial effect of ^-blockers on mortality in 

chronicc heart failure. 
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Modess of action of ^-blockers in heart failur e 
Althoughh the beneficial effects of ^-blockers in heart failure are now firmly established, their 

mechanismss of action are only partly elucidated. Apart from their direct effects on the myocardial 

fj-receptors,, they probably also influence calcium homeostasis and have metabolic and antiremodeling 

effects.. In addition, p-blockers exert an effect at the presynaptic level and modulate norepinephrine 

(NE)) release and re-uptake (Tables 2 and 3). However, the relative contributions of these (proposed) 

mechanismss of action are unknown but will probably be unraveled in the future. 

Tablee 2 

Levelss of action of p-adrenergic blockers in heart failure 

Reductionn of sympathetic tone by a central effect 
Modulationn of norepinephrine release by presynaptic receptors 
interactionn with RAAS system 
Blockadee of p receptors on myocyte 
Interferencee with signal transduction 
Interferencee with Calcium-homeostasis 

Tablee 3 

Possiblee mechanisms by which [3-blockers exhibit their effect in heart failure 

Reversee remodeling 
Anti-ischemicc effect 
Metabolicc benefit 
Inhibitt maladaptive growth 
Inhibitt apoptosis 
Improvementt of systolic function 
Improvementt of diastolic function 

Receptorr  level 
Pathophysiologyy of adrenergic receptors 

Thee main way to regulate contractility in the human heart is the (5-adrenergic signal transduction 

pathwayy on the myocyte, shown schematically in figure 2. 

Onn the human myocyte, 3 adrenergic receptors are distinguished: (3,, |3, and a,. Signal transduction 

fromm the adrenergic receptor is via the 'stimulatory' G proteins to the effector enzyme adenylyl 

cyclasee that converts the substrate ATP to cAMP. cAMP is (1) positively chronotropic, (2) positively 

inotropicc and (3) growth promoting. c^-Receptors are coupled via a different G-protein and 

primarilyy activate growth-promoting proteins. 

Thee ability of extrinsic stimuli such as neurotransmitters (NE) and neurohormones (epinephrine) 
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Figuree 2 Major components of (^-adrenergic signal transduction in human cardiac myocyte. 
AC=adenylatee cyclase. AR=adrenergic receptor; a.p.y=Gs subunits. 
pARK=(33 adrenergic receptor kinase. Reproduced and adapted with permission from: Bristow MR, 
Whyy does the myocardium fail? Insights from basic science. In: The Lancet I998;352(supp] I):8-14. 

too stimulate ^-adrenergic receptors to increase heart rate and contractility is attenuated in the 

failingg heart because of (3-receptor downregulation49'51 and changes at the level of signal transduction 

(G-proteins522 53-54 and adenylate cyclase.53-55-56) These alterations in the so called modulated 

contractilee function result in a diminished myocardial reserve51 and exercise response.57 

444 Given the fact that (1) NE levels in the synaptic cleft are increased in heart failure with a 

resultingg overexposure of myocardial p-receptors (2) NE is mildly P; selective (3) overexpression 

off  the p,-adrenergic receptor produces an overtly cardiomyopathic phenotypc and (4) the down-

regulationn of p-receptors appears to be a selective downregulation of the Pj-subtype all suggest 

thatt the [3, receptor plays an important role in the progressive deterioration in systolic function 

andd progression in remodeling. 

Thee role of the p, receptor is less clear. In animal models. p,-adrenergic overexpression can 

increasee contractility but the effect appears to be dependent on the extent of overexpression.58 It 

iss suggested that prolonged overexpression of P, receptors and p, receptor overexpression related 

too pressure overload exacerbates the development of heart failure.59 

Apoptosis s 

Inn recent years it is increasingly recognized that the process of apoptosis. or programmed cell 

death,, plays an important role in the development of cardiomyopathy and heart failure.''" In vitro 

experimentss with isolated cardiac myocytes indicate that chronic catecholamine stimulation induces 
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apoptosis/'11 The apoptotic effect of ^-adrenergic stimulation appears to be mediated largely by 

thee P, receptor as was demonstrated in several animal studies with overexpression of the P(-

adrenergicc receptor.01 

Adrenergicc receptors and pVblockers 

Inn failing human myocardium, metoprolol induces an upregulation in ^-receptor expressioniU6~ 

andd a down-regulation in G proteins." w These alterations accompany improvements in 

systolicc function suggesting a causal relation. However, carvedilol, a non-selective (5-blocker, 

cann improve myocardial function without causing changes in ^-receptor expression.1" 

Thee pathophysiological importance of changes in ^-receptor signal transduction and the 

influencee of p-blockers on these pathways remain uncertain. It might well be possible that 

changess in f}-receptor signal transduction are partially adaptive and serve to protect the heart from 

harmfull  p-adrenergic stimulation. The beneficial effects of p-blockers can thus be regarded as a 

furtherr protection of the myocytes from catecholamines-induced cardiac apoptosis and necrosis.65-66 

Finally,, P-adrenoreceptor polymorphism of both the P;- and P, receptor can be related to survival 

andd possibly, response to therapy. Further research will elucidate the clinical relevance of 

polymorphismm and mutations which is now just at the beginning of a new way of understanding 

off  the pathophysiology of heart disease and novel possibilities of therapy.67 

Calciumm homeostasis and diastolic properties 
Abnormalitiess in myocyte calcium handling may contribute to myocardial dysfunction.6*7! These 

abnormalitiess include an increase in diastolic calcium levels, a reduction in calcium release from 

thee sarcoplasmic reticulum on stimulation and delayed re-uptake of calcium by the sarcoplasmic 

reticulum.n-- One could hypothesize that these abnormalities correlate to increased myocardial 

stiffness,, decreased contractility and delayed relaxation, respectively. Although the precise 

mechanismm is unknown, there is strong evidence that p-blockers influence calcium homeostasis 

resultingg in a decreased left ventricular end-diastolic pressure from both improved (active) early 

isovolumicc relaxation27 and (passive) late relaxation."* 

Negativee chronotropic activity 
Thee negative chronotropic effect induced by p-blockers is likely to offer hemodynamic and anti-

ischemicc effects to the myocardium. A reduced heart rate during treatment with a ^-blocker will 

resultt in a longer diastolic phase and a better perfusion of the myocardium. In addition it has been 

suggestedd that a redistribution of flow from non-ischemic to ischemic myocardial regions can be 

achievedd with P-blockade resulting in a more homogenous distribution of blood in the myocardium. 

Betterr oxygen and nutrition delivery can possibly improve systolic and diastolic performance directly 

andd through an increase of adrenergic receptor densities especially in hibernating myocardium. '
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However,, the various actions of (^-blockers go beyond their negative chronotropic effect since the 

improvementt in systolic function occurs rather late and it is preceded by the slowing of heart rate 

andd correction of neurohormonal derangements. In addition, an improvement of the force-frequency 

relationshipp can attribute to the observed beneficial effects of p-blockers irrespective of heart rate.74 

Metabolicc and anti re modeling effects 
Itt was recently demonstrated that a reduction in oxidative metabolism can be obtained with 

metoprololl  together with a slight improvement in left ventricular function supporting the concept 

thatt there is an energy-sparing effect of fi-blocker therapy.7;i Myocardial energy demands and 

oxygenn consumption can be reduced by a reduction in heart rate and inotropy with p-blockers 

thuss facilitating the repletion of energy stores. This may allow energy to be directed to repairing 

celll  injury and restoring contractile elements thus facilitating the biological recovery of myocytes. 

Inn addition, P-blockers can also alter metabolic substrate utilization by reducing lipolysis that is 

knownn to occur by P-adrencrgic stimulation.-̂  

Antiremodelingg effects were seen using magnetic resonance imaging with a decrease in both left 

ventricularr end-diastolic and end-systolic volume index and an increase of left ventricular ejection 

fractionn after six months of treatment with metoprolol as compared with placebo.7'' 

Centrall  and presynaptic effects of p-blockers 
Sympatheticc overactivity is a key feature of heart failure that can be considered initially as 

compensatoryy for a decreased cardiac output but eventually aggravates the disease process. The 

importancee of excessive sympathetic activity is suggested by elevated plasma levels of NE that 

havee been correlated to poor prognosis and reduced survival.^-̂  

Thesee increased levels of NE are also detected in the synaptic cleft in the myocardium and are 

consideredd the result of impaired re-uptake of NE in the presynaptic neuron (the main way to 

inactivatee NE) and increased release of NE. 

Whetherr p-blockers reduce efferent sympathetic outflow to the heart is a matter of controversy.7'' 

Increasedd neuronal release of NE can be the result of stimulation of ^-adrenergic receptors in 

intrathoracicc ganglia"11 and on intrinsic cardiac neurons1"x *- resulting in an increased firing rate of 

postganglionicc cardiac sympathetic nerves and an increased neuronal release of NE. It can be 

hypothesizedd that long-term blockade of these receptors would cause an inhibition of sympathetic 

outfloww to the heart resulting in decreased levels of NE within the synaptic cleft. Although p-

blockerss can exhibit some influence on these presynaptic sympathoexcitatory PVreceptors and thereby 

decreasee NE release, it seems unlikely that the overall effect can be explained by this mechanism. 

Too make things even more complex, presynaptic neurons contain a,-reecptors that inhibit 

sympatheticc outflow. These effects are. therefore, counterregulatory to the effects of pVreceptors 

onn the same presynaptic neuron. It was recently demonstrated that carvedilol, in contrast to other 
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p-blockers,, enhanced cardiac NE release in the human heart, most likely as a consequence of 

presynapticc c^-blockade.*1 

Anotherr mode of action of P-blockers might be an interaction between the presynaptic re-

uptakee of NE from the synaptic cleft (the main mechanism by which NE is inactivated). Improved 

re-uptakee of NE will result in decreased levels of NE in the synaptic cleft and therefor less 

toxicc effects on the cardiac myocyte. Whether this mechanism is operative remains to be 

established.. It has been shown that p-blockers have a presynaptic effect as measured by improved 

uptakee of  II!, l-MetaIodoBenzylGuanidine. a structural analogue of NE, sharing the same uptake 

andd storage mechanisms.4" 

Interferencee of p-blockers with the renin angiotensin system 
Interactionn between angiotensin 11 <ANG II) and the sympathetic nervous system are known for 

manyy years.w The modes of action of ANG II on the sympathetic nervous system include a 

centrall  action to increase sympathetic outflow, stimulatory effects on sympathetic ganglia and the 

adrenall  medulla and actions at sympathetic nerve endings to facilitate sympathetic NE release. 

Thee activity of the sympathetic nervous system is one of the factors that determine the rate of renin 

releasee by the kidneys. Since the rate of renin release is the limiting step in the formation of ANG II, 

sympatheticc activity is an important factor that determine the circulating levels of ANG II. 

p-blockerss will also result in a further deactivation of the renin angiotensin system, even in the 

presencee of an ACE inhibitor̂  resulting in decreased levels of angiotensin II. In turn, these lower 

levelss of angiotensin II will lower the presynaptic NE release as angiotensin II facilitates presynaptic 

NEE release through presynaptic angiotensin II receptors.** 
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Conclusions s 
Thee beneficial effects of p-blockers on both morbidity and mortality in heart failure have been 

convincinglyy shown in recently conducted double blind, placebo controlled trials. Our meta-

analysiss involving more than 15.000 patients confirm these results. In addition, P-blockers will 

improvee left ventricular ejection fraction and diastolic properties. Generally speaking, P-blockers 

willl  not influence functional parameters although an improvement in NYHA classification has 

beenn reported. 

Thee exact cellular mechanisms responsible for these salutary effects of chronic P-blockade have 

nott been fully defined. However, there is strong evidence that p-blockers exert their effects at 

severall  levels in the myocardium including upregulation of P-rcceptors. prevention of NE-induced 

toxicity,, influence on calcium-homeostasis. anti-ischemic effects, presynaptic modulation of NE 

handlingg and through an interaction with angiotensin II. Future research at the cellular level wrill 

furtherr elucidate the exact mechanism(s) of action. 
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Addendum m 
Awaitingg publication of this manuscript two additional randomized, placebo-controlled studies 

off  [̂ -blockers in heart failure were published/7-1*" 

Thee Carvedilol Prospective Randomized Cumulative Survival Study (Copernicus) included 2289 

patientss with more severe forms of heart failure (NYHA functional class III+ and IV) and an 

ejectionn fraction <25%.*7 After a mean duration of follow-up of 10.4 months, the study was 

discontinuedd premature because of significant difference in the primary endpoint between the 

twoo groups. There were 190 deaths in the placebo group and 130 deaths in the carvedilol group. 

Thiss difference reflected a 35% decrease in the risk of death with carvedilol. The cumulative risk 

off  death at one year was 18.5% in the placebo group and 11.4% in the carvedilol group. The 

combinedd risk of hospitalization and death was 24 percent lower in the carvedilol group (PO.001). 

Thee Beta-blocker Evaluation of Survival Trial (BEST) randomized 2708 patients with heart failure 

functionall  class III and IV and an ejection fraction <35% to bucindolol or placebo.ss The mean 

durationn of follow-up was 2 years, A total of 449 patients died in the placebo group (33%), as did 

4111 in the bucindolol group (30%, hazard ratio 0.90, P=0.10). Bucindolol reduced the proportion 

off  patients hospitalized for heart failure (hazard ratio 0.78, P<0.001). Of concern is the fact that 

approximatelyy 25% of the patients in both the placebo and the bucindolol group permanently 

discontinuedd study medication. In addition, the rate of use of open-label pVblockers was relatively 

highh (10% in the placebo group and 6% in the bucindolol group, PO.001). These differences 

mightt have influenced the final results of the BEST study. 

Althoughh the BEST study showed no significant difference in the primary endpoint, a trend 

towardd a survival benefit was observed with bucindolol. The results of both Copernicus and, to a 

488 lesser extend the BEST study are in line with our meta-analysis. 
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Summary y 

Introduction ::  Sympathetic nerve activity is increased in patients with chronic heart failure. 
Angiotensinn converting enzyme inhibitors lower cardiac sympathetic activity 
inn these patients, as can be deduced from increased myocardial cardiac 6 
adrenoceptorr density in an endomyocardial biopsy. However, the effect of 
angiotensinn converting enzyme inhibitors on cardiac sympathetic neuronal 
functionn and activity has not previously been investigated, especially with regard 
too the use of a non-invasive technique. In this study we evaluated the effect of 
enalaprill  on cardiac sympathetic neuronal function using [121I]-metaiodo-
benzylguanidinee (MIBG), a noradrenaline analogon, and single photon emission 
computerizedd tomography (SPECT). 

Methods::  In 23 patients with chronic stable congestive heart failure and a left ventricular 
ejectionn fraction less than 0.40. cardiac MIBG SPECT was performed and 
plasmaa noradrenaline concentration was measured before and after 6 weeks 
treatmentt with enalapril. Quantification of cardiac MIBG uptake was performed 
byy using the left ventricular cavity and a venous blood sample as a reference. 

Results::  Cardiac MIBG uptake increased significantly after enalapril treatment (p<0.02), 
indicatingg improved cardiac neuronal uptake function. Plasma noradrenaline 
concentration,, did not decrease significantly. Cardiac MIBG uptake was not 
relatedd to plasma noradrenaline concentration. 

Conclusion::  Cardiac MIBG SPECT can be used to assess changes in cardiac sympathetic 
neuronall  uptake function due to pharmacological intervention. Enalapril appears 
too improve cardiac sympathetic neuronal uptake function but does not affect 
plasmaa noradrenaline levels significantly in a group of patients with predominantly-
moderatee heart failure. This probably supports the hypothesis that a restoration 
off  cardiac neuronal uptake of noradrenaline is one of the beneficial effects of 
enalaprill  in these patients. 
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Introduction n 
Inn patients with congestive heart failure, angiotensin converting enzyme (ACE) inhibitors are 

knownn to reduce mortality and morbidity1 \ to improve haemodynamics*  and to inhibit the process 

off  remodelling.5 The suppression of neurohormonal systems by ACE-inhibitors may contribute 

too some of these beneficial effects.'' 

Inn congestive heart failure the sympathetic nervous system is activated, as is reflected by the 

increasee in the concentration of plasma noradrenaline. In addition, in the failing myocardium an 

impairmentt of neuronal uptake of noradrenaline has been shown.7S Both the enhanced release of 

noradrenalinee and the altered cardiac neuronal uptake may be responsible for the observed 

downregulationn of ^-adrenoceptors in patients with heart failure.q 

Thee neuronal uptake mechanism can non-invasively be assessed by [,21I]-metaiodobenzylguanidine 

(MIBG).I(UII MIBG shares similar uptake and storage mechanisms in the sympathetic nerve endings 

ass noradrenaline." |: In contrast with noradrenaline, MIBG is not metabolised.13 Cardiac neuronal 

uptakee of MIBG can be measured non-invasively by single photon emission computerized 

tomographyy (SPECT). 

ACE-inhibitorss are known to increase cardiac p1-adrenoceptor density and to reduce cardiac 

sympatheticc activity in patients with heart failure.1"1 It can be assumed that improvement of cardiac 

neuronall  uptake, which has been demonstrated to be the predominant mechanism for terminating 

thee action of noradrenaline on the p-adrenoceptors, may contribute to these findings.15 

Thee aim of this study was to measure non-invasively the effect of short term treatment with 

enalaprill  on cardiac neuronal uptake in patients with congestive heart failure, using a new method 

too quantify myocardial MIBG uptake."1 
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Methods s 
Studyy design 
Wee prospectively studied cardiac MIBG activity and hormonal variables in 26 patients who were 

treatedd with enalapril and served as their own controls. The protocol was approved by the Ethics 

Committeee of the Academic Medical Centre. Written informed consent was obtained from each 

patientt by one of the investigators. 

Patientt  selection 
Patientss with stable chronic heart failure (Neŵ  York Heart Association class II-IV ) for at least 

twoo months, left ventricular ejection fraction < 0.40 and fixed medication for at least 2 weeks 

weree included. We excluded patients who were treated with ACE-inhibitors or other drugs that 

cann influence neuronal MIBG uptake (B-adrenoceptor agonists/antagonists and tricyclic 

antidepressants).. All other medications were allowed provided that the dose was not changed 
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duringg the study. Patients with insulin dependent diabetes mellitus, hyperthyroidism, recent 

myocardiall  infarction (within the past 2 months), neurologic diseases, prior valve replacement 

andd myectomy of the left ventricle were also excluded. 

Treatment t 
Patientss were initially treated with 2.5 mg enalapril twice a day. The dose was increased to 10 mg 

enalaprill  twice a day in two weeks and adjusted if symptomatic hypotension occurred. Enalapril 

wass stopped when there wras an allergic reaction or deterioration of renal function (30% increase 

inn plasma creatinine concentration). After the titration phase of two weeks the highest tolerated 

dosee was continued for four weeks. Efficacy variables were assessed before and after six weeks 

off  treatment. 

Cardiacc ['"ÏJ-MIB G SPECT acquisition protocol 
Alll  patients received 100 mg potassium iodide orally to block thyroid uptake an hour before 

intravenouss injection of 185 MBq [l2M]-MIB G (specific activity > 0.2 TBq/mmol; Cygne B.V. 

Technicall  University Eindhoven, The Netherlands). To minimise non-neuronal uptake of MIBG, 

SPECTT images were obtained after four hours bedrest (Siemens MultiSPECT3, medium-energy 

collimators).. A 20% energy window- centred on the 159 keV photopeak of ['--I] was used. Data 

collectionn was performed using 60 frames over 360 degrees, for 60 seconds per frame, 64*64 

pixell  matrix, zoomfactor of 1.23 and using the camera auto-contour facility. No attenuation 

correctionn was applied. Figure 1 shows an example of the effect of enalapril on myocardial MIBG 

uptake,, in a patient with chronic heart failure. 

Quantificationn of myocardial MIB G uptake 
Myocardiall  MIBG uptake was measured by a previously described method.1"17 Briefly, cardiac 

short-axiss slices were reconstructed. In each short-axis slice elliptic regions of interest were semi-

automaticallyy drawrn over the left ventricular myocardium and left ventricular cavity. Volumes of 

interestt were constructed and quantified using the Cardiac SPECT Analysis-tool package 

(CASPANN Version 1.1). At the time of SPECT acquisition, a venous blood sample was drawn 

andd [i;,,I] activity was measured in duplicate using a gamma counter (Auto-gamma 5000, Packard 

Instrumentss Company. Downers Grove, Illinois, USA). Myocardial MIBG uptake was calculated 

fromm the ratio of average activity per voxel in the myocardium (M) and the ventricular cavity (C) 

timess the [,2:i] activity measured in a venous blood sample (BS) according to the equation: 

Alll  data were corrected for injected radioactivity and radioactive decay. All studies were blindly 

analysed. . 
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Figuree 1 Short-axis reconstruction of a cardiac [i;T]-metaiodobenzylguanidine SPECT acquisition in 
aa patient with congestive heart failure. Cardiac uptake (A) before (20.9 Bq/ml/MBq dose) and (B) after 
66 weeks therapy with enalapril (35.0 Bq/ml/MBq dose). C = left ventricular cavity. M = myocardium. L 
== liver. Yellow and white areas represent high and very high MIBG uptake respectively, whereas red 
areass represent low MIBG uptake. 

Hormonee analysis 

Patientss fasted from 0:00 a.m. on the day of investigation although medication was continued. 

Patientss were not allowed to take products containing caffeine the day before study. At 8:00 a.m. 

ann intravenous indwelling catheter was inserted in the median cubital vein. After the patient had 

restedd in supine position for 30 minutes, blood pressure was measured non-invasively (Dinamap 

845,, Critikon inc. Tampa USA) and venous blood samples were drawn from the catheter. Blood 

sampless were stored on ice for up to 10 minutes before they were processed. Plasma was stored at 

-30°C.. Plasma noradrenaline concentration was determined by high performance liquid 

chromatographyy and electrochemical detection, after purification on Biorex 70 and concentration 

byy solvent extraction. Atrial natriuretic peptide (ANP) was determined by radioimmunoassay 

(Nicholss Institute Diagnostics. Wijchen, The Netherlands). Plasma Renin Activity (PRA) was 

determinedd by radioimmunoassay for angiotensin I.lx 

Statisticall  analysis 

Thee Student t-test for paired data was used where appropriate, otherwise the Wilcoxon signed 

rankss test was used. Differences were regarded as being significant at a two-tailed probability of 

0.055 or less. Correlations were expressed as the Pearson correlation coefficient. 



Chapterr V 

Results s 
Twenty-sixx patients were enrolled into the study. Two patients did not complete the full study 

period;; one died because of progressive heart failure and one stopped enalapril treatment because 

off  exanthema. SPECT data of one patient could not be analysed owing to technical problems. 

Dataa from the remaining twenty-three patients were used for analysis. These patients remained 

clinicallyy stable during the course of the study. 

Fifteenn patients (65%) were known to have coronary artery disease as shown by either coronary 

angiographyy or documented myocardial infarction. Eight patients (35%) were classified as having 

idiopathicc cardiomyopathy. Baseline characteristics are shown in Table 1. 

Thee average daily dose of enalapril was 13.5  6 mg ranging from 5 to 20 mg. The mean PRA at 

baselinee was 1.35  0.71 ng/ml/h (normal value < 3.2 ng/inl/h). 

Changess of variables from baseline to six weeks treatment are shown in Table 2. Plasma creatinine 

concentrationn did not change significantly. Systolic and diastolic blood pressure decreased 

significantlyy from 130  12.8 to 119  12.4 mmllg (p=0.001) and from 81  9.6 to 73  10.6 

mmHgg (p=0.00l) respectively. 

Myocardiall  M1BG uptake increased significantly from 16  8 to 20  10 Bq/ml/MBq injected dose; 

p<0.022 (Figure 2). Individual data points are shown in Figure 3. 

Thee mean plasma noradrenaline decreased from 361  177 to 300  146 ng/l which was not significant. 

Plasmaa ANP decreased significantly from 283  239 to 170  141 ng/l; p<0.02 (Figure 2). 
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Figuree 2 Bar chart of percent changes of hormonal Figure 3 Plot of changes in cardiac [!2T]-
parameterss after therapy with enalapril, *p<0.02. metaiodobenzylguanidine uptake after therapy with 
ANPP = plasma atrial natriuretic peptide concen- enalapril. Individual data for each patient as well 
nation.. MIBG = cardiac [,23T]-metaiodo-benzyl- as the mean D for the averaged results are shown, 
guanidinee uptake, NA = plasma nora-drenaline 
concentration. . 
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Numberr of patients (male/female) 
Agee (years) 
Heartt failure history (months) 
Heartt rate (beats/min) 
Functionall  class (NYHA): 

II I 
III I 
IV V 

Aetiologyy heart failure: 
Ischaemic c 
Idiopathic c 

Coronaryy bypass grafting 
Historyy of hypertension 
Concomitantt medications: 

Digitalis s 
Diuretics s 
Nitrates s 

Plasmaa Renin Activity (ng/ml/h) 

Tablee t Baseline characteristics. Values are . 

233 (16/7) 
60.00 ) 
20.11 ) 
81.66 ) 

122 (52%) 
99 (39%) 
22 (9%) 

155 (65%) 
88 (35%) 
44 (17%) 
55 (22%) 

66 (26%) 
133 (56%) 
22 (9%) 

1.355 ) 

Parameter r 

MIBGG (Bq/ml/MBq) 
NAA (ng/1) 
ANPP (ng/1) 
Creatininee (mmol/1) 
RRsyst(mmHg) ) 
RRdiastt (mmHg) 

Before e 
) ) 

166 ) 
3611 ) 
2833 ) 
75.66 ) 
1300 ) 
811 ) 

After r 
) ) 

200 ) 
3000 ) 
1700 ) 

75.22 ) 
1199 ) 
733 ) 

Difference e 

95%-CI I 

-6.522 to -8.70 
-22.622 to 146.02 
20.511 to 205.84 
-3.077 to 3.76 
5.666 to 17.60 
4.300 to 13.39 

P P 

0.013 3 
0.14 4 
0.019 9 
0.83 3 
0.001 1 
0.001 1 
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Tablee 2 Changes after 6 weeks enalapril treatment. ANP = plasma atrial natriuretic peptide concentration, 
MIBGG = cardiac [,2M]-metaiodobenzylguanidine uptake, NA = plasma noradrenaline concentration, 
PRAA = plasma renin activity, RRsyst = systolic blood pressure, RRdiast = diastolic blood pressure. 

Discussion n 
Inn the failing human myocardium, increased concentrations of circulating noradrenaline, an increased 

neuronall  release, and a reduced neuronal uptake of noradrenaline have been reported.7'*11' These 

alterationss result in an increased noradrenaline concentration in the synaptic cleft and are responsible 

forr the myocardial ^-adrenoceptor downregulation. To measure the effect of enalapril on the cardiac 

neuronall  uptake of noradrenaline, we used a quantitative cardiac MIBG SPECT method.16 

Thee present study is, as far as we know, the first to show an increase in myocardial MIBG uptake 

afterr pharmacological intervention in patients with heart failure. This suggests an improvement 
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off  cardiac neuronal uptake function caused by enalapril treatment. This is accords with the in 

vitroo experiments of Takatsu et al. who showed that cardiac MIBG uptake was increased in 

cardiomyopathyy Syrian hamsters after treatment with cilazapril.:o 

Improvedd neuronal uptake results in a more adequate termination of the action of noradrenaline 

onn the myocardial B-adrenoceptors. Therefore, our findings are consistent with those of Gilbert et 

al.. who showed an increased myocardial (3-adrenoceptor density in an endomyocardial biopsy 

andd decreased coronary sinus noradrenaline concentration after twelve weeks Iisinopril treatment 

off  patients with heart failure.14 

Thee improvement of neuronal function by enalapril can be explained by two mechanisms. First. 

ACE-inhibitorss may improve directly cardiac neuronal uptake of noradrenaline by reducing 

angiotensinn II concentrations. It has been shown that angiotensin II prevents the neuronal uptake 

off  noradrenaline.21 This local effect may result in an increased exposure of the myocytes to 

noradrenalinee and a subsequent downregulation of the myocardial 13-adrcnoceptors in patients 

withh heart failure. 

Second.. ACE-inhibitors are known to improve haemodynamics.22 This systemic effect may 

indirectlyy result in a reduced cardiac neuronal release and a restoration of neuronal uptake of 

noradrenaline.. In the present study, haemodynamic improvement is supported by the decreased 

bloodd pressure and plasma ANP concentration, indicating a diminished afterload and preload 

respectively.233 However, this systemic effect of ACE-inhibitors seems to be of less importance 

becausee plasma noradrenaline concentration did not change significantly, reflecting unchanged 

systemicc sympathetic activity.24 

Thee predominance of moderate heart failure in our group of patients probably accounts for the 

unchangedd plasma noradrenaline concentration. It has been reported that ACE-inhibitors reduce 

plasmaa noradrenaline concentrations in patients with moderate heart failure to a lesser extent 

thann in those with severe heart failure.16M The absence of a significant correlation between plasma 

noradrenalinee concentrations and myocardial MIBG uptake is explained by the fact that plasma 

noradrenalinee does not reflect cardiac sympathetic activity because cardiac noradrenaline spillover 

accountss for less than 3% of total body noradrenaline released 

AA possible limitation of the study is the small number of patients studied. Since each patient 

servedd as their own reference, a placebo treated control group was not studied. This was considered 

appropriatee because no subjective end points were used. All variables were assessed automatically 

andd were analysed blindly. 

Myocardiall  MIBG uptake was measured within a short period of time without any change in the 

clinicall  situation and treatment of each patient. Therefore, it can be assumed that the condition 

underr which MIBG uptake was measured remained the same during the course of the study. 

Itt might be anticipated that myocardial MIBG uptake in infarcted areas is lower than in viable 
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myocardiumm because of sympathetic denervation, and therefore the inclusion of patients with 

ischaemicc cardiomyopathy may have influenced our results. With the present quantitation method 

itt is not possible to assess segmental MIBG uptake. Therefore, MIBG uptake of the entire 

myocardiumm was determined. Furthermore, the inclusion of denervated myocardium in the 

measurementt should have led to an underestimation of the effect of enalapril on myocardial 

MIB GG uptake because reinnervation is unlikely to occur in this relatively short period of study. 

Thesee data suggest that cardiac MIBG SPECT can be used as a non-invasive method to assess 

changess in cardiac sympathetic neuronal function caused by pharmacological intervention. Short 

termm treatment with enalapril primarily improves cardiac sympathetic neuronal uptake function 

ratherr than reducing systemic sympathetic activity in subjects with predominantly moderate heart 

failure. . 

Thiss finding suggests that in these patients the beneficial effects of enalapril are at least partly due 

too improvement of cardiac sympathetic neuronal uptake function as non-invasively measured by 

MIB GG SPECT Because decreased cardiac MIBG uptake has been associated with unfavourable 

prognosis,266 future studies must determine the relation between cardiac MIBG uptake and the 

beneficiall  effects of ACE-inhibitors on mortality and morbidity. 
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Summary y 
Background: : Too investigate whether [̂ -blockers exert a presynaptic effect in the myocardium 

ass measured by '"I - Metaiodobenzylguanidine (MIBG). 

Methods::  The study comprised 59 patients with congestive heart failure, NYHA class II 
orr III , and left ventricular ejection fractions (EF) of less than 35%. After an 
openn label titration phase, patients were randomized to their maximal tolerable 

666 dose of metoprolol or placebo. Myocardial MIBG uptake was measured before 
thee titration phase and after 6 months of treatment. Other parameters were 
maximall  oxygen consumption, 6-minute walking test, plasma neurohormones 
andd echocardiographic parameters. 

Results::  We found an increase of mean myocardial MIBG uptake of 21.9% after 6 months 
off  treatment with metoprolol. In contrast, MIBG uptake decreased by 7.8% in 
thee placebo group (P=0.03 as compared to metoprolol). Left ventricular end-
diastolicc diameter (LVEDD) decreased from 1 to 0 mm (PO.05, within 
groupp comparison) and EF increased from 4 to % (PO.05, within 
groupp comparison) in the metoprolol group. Placebo treated patients showed no 
significantt changes. Comparison of changes in LVEDD and EF between 
metoprololl  and placebo did not reach statistical significance (P=0.2). 

Conclusions::  This randomized, placebo controlled study demonstrates that metoprolol has a 
presynapticc effect as measured by myocardial MIBG scintigraphy in both 
ischemicc and non-ischemic cardiomyopathy. 
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Introduction n 
Sympatheticc activation plays a pivotal role in heart failure and leads to an increase of circulating 

norepinephrinee (NE) levels,11-' as well as to depletion of intraneuronal myocardial NE content.'3 

7]] Sympathetic activation increases the level of NE in the synaptic cleft and consequently, 

downregulatess the myocardial p̂  -adrenoceptors. Initially, this activation of the sympathetic function 

cann be considered as compensation, but with progression of the disease it becomes pathologic 

andd may even be expected to aggravate the disease. The clinical benefits of fi-blockers both in 

termss of reduced mortality and morbidity have recently been demonstrated.1^1 The exact 

mechanismss of action however are only partly explained. 

Amongg the effects of [5-blockers at the myocyte receptor level,11"1 calcium homeostasis,'1!'-' 

metabolicc state, interaction with the renin-angiotensin aldosteron system and the beneficial effects 

off  negative chronotropy, [3-blockers probably have an effect at the presynaptic level as recently 

demonstratedd in patients with dilated cardiomyopathy.'11-16' 

Presynapticc myocardial sympathetic function can be studied by means of  ml-metaiodo-

benzylguanidinee (M1BG), a catecholamine analog which is competitively taken up into the presynaptic 

neuronn via uptake-1 (NE transporter) in a manner similar to that for NE. MIBG is not metabolized 

andd thus is a marker of the functional integrity of sympathetic nerve terminals.'17"1"' Reduced MIBG 

sequesteringg was demonstrated in chronic heart failure[20211and related to mortality.'22' 

Itt was the aim of our randomized, placebo controlled study to explore the presynaptic effects of a fy-

blockerr in patients with both ischemic and non-ischemic cardiomyopathy. Myocardial MIBG uptake 

wass measured before treatment and after 6 months of metoprolol. In addition, a possible relationship 

betweenn l21J-MIBG uptake, metoprolol dosage and several clinical parameters was studied. 

67 7 

Methods s 
Studyy patients 
Thee study was approved by the review board and the medical ethical committees of both 

participatingg institutions. Written informed consent was obtained from all patients before entering 

thee study. The study population consisted of patients from the outpatient clinic. 

Eligiblee for enrollment were patients with a history of chronic symptomatic heart failure, an 

ejectionn fraction of less than 35% at radionuclide ventriculography, and stable disease for at least 

22 months before entering the study with no major change in medical therapy over the past month. 

Exclusionn criteria included obstructive airway disease, known hypersensitivity to p-blockers, 

andd signs of ischemia in the month preceding the study. Patients were classified as ischemic 

cardiomyopathyy if a myocardial infarction had been documented in the past or coronary 

angiographyy showed significant obstructions. All other patients were classified as non-ischemic. 

Thee study was conducted between 1996 and 1999. 
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Studyy design 

Thee study was designed as a double blind, placebo controlled trial after an open label titration 

phasee (Figure 1). Baseline parameters were obtained before the open label titration phase and 

includedd a 6-minute walking test, maximal oxygen consumption, plasma catecholamines and 

atriall  natriuretic factor (ANP), echocardiographic measurements. MIBG scintigraphy and quality 

off  life assessment. After assessing baseline parameters, the patients entered the open label titration 
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phase;; initially they received 25 mg of sustained release metoprolol once daily (AstraZeneca. 

Zoetermeer.. the Netherlands). Tablets were taken in the evening. After 2 weeks, the dose was 

increasedd to 50 mg, and thereafter every 2 weeks increased by 50 mg up to a maximum dose of 

1500 mg once daily. Up-titration was stopped for one of the following reasons: cumbersome side 

effects,, heart rate below 50 bpm and/or systolic blood pressure below 100 mm Hg. In case of side 

effectss or a significant drop in heart rate or blood pressure, medication was de-escalated to the 

earlierr tolerated dosage. After 2 weeks on a maximally tolerated dose, the patients continued with 

500 mg of metoprolol daily for 2 weeks before starting randomization medication. 

Patientss who tolerated at least 50 mg of metoprolol were assigned to one of three dosing groups: 

50,, 100 or 150 mg daily depending on their maximally tolerated dose. Within each dosing group, 

wee then randomized the patients to metoprolol or placebo (ratio 4: l). After 6 months of treatment, 

orr earlier in case of premature discontinuation, the baseline parameters were re-assessed. To 

preventt potentially hazardous effects of the sudden cessation of metoprolol. all patients continued 

withh 50 mg of metoprolol after the end of the study. 
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Baselinee parameters 
Thee 6-minute walking test was conducted using a predefined course in the corridors of our hospital 

withh small distance markers on the wall, which were not visible to the patients. Patients walked at 

theirr own pace and were allowed to stop during the test, but were instructed to resume walking as 

soonn as they were able to do so. A study nurse accompanied the patients but did not attempt to 

influencee them. After 6 minutes patients stopped walking and the total distance was measured. 

BloodBlood samples for plasma catecholamines and ANP were drawn after 30 minutes of rest in the 

supinee position. An indwelling catheter was inserted in the antecubital vein before the resting 

period.. Blood samples were transferred immediately to ice-chilled tubes. The plasma was separated 

byy centrifugation at 4° C and stored at -70° C up to the time of assay. Laboratory personnel, not 

awaree of the treatment status, performed the analysis. After purification on Biorex 70 and 

concentrationn by solvent extraction plasma norepinephrine concentrations were determined by 

highh performance liquid chromatography and electrochemical detection. ANP was determined 

byy radioimmunoassay (Nichols Institute Diagnostics, Wychen. the Netherlands). Normal values 

forr plasma norepinephrine are <3.25 nmol/1 and for epinephrine < 0.55 nmol/1; ANP concentrations 

inn healthy subjects range from 22-65 ng/l. 

QualityQuality of life was assessed with the Minnesota Living with Heart Failure questionnaire.1211 The 

peakpeak oxygen consumption was measured on a bicycle ergometer according to previously defined 

standards.. Echocardiographic measurements were performed by one of the investigators who 

wass unaware of the treatment status of the patients. 
12i12iII - MIBGSPECT imaging was performed in the morning one hour after oral administration of 

1000 mg potassium iodide to block thyroid uptake of free |:3L 185 MBq l23I-MIB G (Cygne BV, 

Technicall  University Eindhoven, the Netherlands) was injected intravenously; SPECT images 

weree obtained 15 minutes and 4 hours after injection (Siemens MultiSPECT3, medium-energy 

collimators).. We used a 20% energy window centered on the 159 keV photopeak of  i:3l . Data 

weree collected using 60 frames over 360'] for 60 seconds per frame (64*64 pixel matrix, zoomfactor 

1.23)) with the camera auto-contour facility. Attenuation correction was not applied. For the 

quantitationn of myocardial MIBG uptake, short-axis slice elliptic regions of interest were semi-

automaticallyy drawn over the left ventricular myocardium. Volumes of interest were constructed 

andd quantified with the Cardiac SPECT Analysis-tool package (CASPAN version 1.0). At the time 

off  image acquisition, a venous blood sample was drawn, and '"I activity was measured in duplicate 

usingg a gamma counter (Auto-gamma 5000, Packard Instruments Company, Downers Grove, Illinois. 

USA).. Myocardial MIBG uptake was calculated in mean counts per voxel, and corrected for blood 

activityy as measured in venous blood samples, injected radioactivity and radioactive decay. 

Sincee all patients served as their own control, no attempt was made to account for variations in 

attenuationn or scatter secondary to varying body habitus. The effect of metoprolol on myocardial 

MIBGG uptake in a patient with heart failure is shown in Figure 2. Two experienced investigators. 
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nott aware of the treatment assignment, analyzed all images. 

Statisticall  Methods 

Outcomess are presented as mean  SD unless stated otherwise. Changes in myocardial MIBG 

uptake,, clinical and neurohormonal parameters arc expressed as percentage change from baseline 

afterr 6 months of treatment. For the between group comparison an independent-samples t-test 

withh equal variances was used except in cases where this assumption could not be made (P < 

0.01.. Levene's test). In those cases, a t-test for unequal variances was used. A paired samples t-

testt was used to allow within-group comparison. We preferred percentage change over absolute 

changess because the use of percentage change allows standardized units for comparing change 

betweenn the treatment groups. However, we also performed the same statistical analyses for the 

absolutee change. The corresponding P values were virtually the same. 

Placeboo comparisons for subgroups were not performed because of the small numbers. 

Figuree 2. Reconstruction of cardiac l23I-MIB G SPECT acquisition in a patient with congestive heart 
failure.. Myocardial uptake (A) before and (B) after 6 months of treatment with metoprolol. (SA) short 
axis;; (HLA) horizontal long axis: (VLA ) vertical long axis. ((') left ventricular cavity: (M) myocardium: 
(L)) liver. Red areas (low), yellow areas (high) and white areas (very high) MIBG uptake 
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Tablet.. Baseline characteristics 

Age,, years 
Male,, % 
NYHAA functional class III , % 
Ischemicc cardiomyopathy, % 
Medication n 

ACE-inhibitor,, % 
Digoxin,, % 

Atriall  fibrillation, % 

Randomized d 
Placebo o 

n=ll l 

9 9 
63.6 6 
54.5 5 
81.8 8 

90.9 9 
36.4 4 
9.1 1 

Metoprolol l 
n=43 3 

O O 
67.4 4 
44,2 2 
48,8 8 

93.0 0 
27.9 9 
9.3 3 

Nott randomized 

n=5 5 

9 9 
60.0 0 
60.0 0 
80.0 0 

80.0 0 
20.0 0 
0.0 0 

Results s 
Thee study population included 59 consecutive patients who met the inclusion criteria and entered 

thee titration phase. Five patients did not proceed to the randomization phase: one died due to 

progressivee heart failure and 4 did not tolerate the low dose of 50 mg of metoprolol. There were 

noo significant differences between these 5 and the randomized patients (Table 1). 

AA total of 54 patients were randomized after the titration phase. There were no significant differences 

inn baseline-characteristics between the placebo group and the 3 treatment groups (50, 100 and 

1500 mg metoprolol). Coronary artery disease was confirmed by coronary angiography in 13 out 

off  30 randomized patients with ischemic etiology. The remaining 17 patients had suffered a 

previouss myocardial infarction. Coronary artery disease was not seen at angiography in 8 out of 

244 randomized patients with a non-ischemic etiology. In the remaining 16 patients the non-ischemic 

etiologyy was established on the basis of clinical information. However, we cannot exclude that 

somee of these patients may have had coronary artery disease. 

Fivee patients died during the 6 months randomization phase: 4 of them were assigned to metoprolol 

(22 died suddenly outside the hospital, 1 died because of progressive heart failure and 1 died of 

colonn carcinoma). In the placebo group 1 patient died suddenly. Baseline characteristics including 

MIBGG uptake from those 5 patients did not differ from the other patients. However, follow-up 

parameterss could not be obtained and those 5 patients were excluded from all analysis. The mean 

dosee of metoprolol for the patients assigned to metoprolol was 5 mg daily. 

Baselinee myocardial MIBG uptake was similar for the treatment group and the placebo group. 

Comparedd to baseline, myocardial MIBG uptake increased by 21.9% after 6 months of treatment 

withh metoprolol, whereas MIBG uptake in the placebo group decreased by 7.8%, a significant 

differencee of the response (P=0.03). The difference in absolute changes in MIBG uptake between 

metoprololl  and placebo was also statistically significant (P=0.04). Table 2 and Figure 3 summarize 

thesee results. 
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Tablee 2. Efficacy parameters at baseline and after 6 months of treatment with a maximal tolerated 
dosee of metoprolol or placebo 

Heartt Rate, bpm 
SBP,, mm Hg 
66 min walking test, m 
V02max,, ml/kg/min 
EF,, % 
EDD.. mm 
Epinephrine,, nmol/1 
Norepinephrine,, nmol/1 
ANP,, ng/1 
Qualityy of Life 
MIBGG uptake, counts/voxel 

Baseline e 

811  11 
1322  17 

414.22  66.1 
16.22  5.0 
24.88  3.8 
70.33  4 
0.233  0.2 
3.77  1.8 

2099  79 
27.22  8.7 
94.66  45.4 

Placebo o 

66 months 

800  10 
1355  18 

420.88  84.3 
15.99  5.8 
28.11  3.1 
70.11  5 
0.300  0.2 
4.22  3.2 
2100 1 
23.11  24.0 
81.66  27.6 

deltaa {%) 

-0.55  7.3 
2.44  11.7 

11 i 10 
11  22.5 
99 8 

0.99  8.8 
700  127 
311  81 

0.77  50 
-155  74 
-7.88  15.8 

Baseline e 

833  10 
1311 1 

419.88  81.4 
16,00 0 
25.33  7.4 
74.22  11 
0.255  0.24 

3.55 1 
1799  124 

24.33  17.6 
88.99  48.2 

SBPP = systolic blood pressure, EF = left ventricular ejection fraction, EDD = left ventricular end-
diastolicc diameter. Quality of Life assessed with the Minnesota Living with Heart Failure qucstionaire. 
Heartt rate measured as mean heart rate over 24 hours during Ho Iter monitoring. * P<0.05. within group 
comparison.. f P values for treatment effect of mctoprolof compared to placebo. 

Tablee 3. Efficacy parameters for metoprolol treated patients divided by etiology 

Ischemic c 

baseline e 66 months deltaa (%) 

MIBGG uptake, cts/voxel 
6-minn walking test, m 
V022 max, ml/kg/min 
Qualityy of Life 
EF.. % 
EDD,, mm 

80.2 2 
398.6 6 

15.4 4 
30.3 3 
27.3 3 
73.0 0 

38. . 
80.7 7 
5.0 0 
15.9 9 
9.6 6 
0.8 8 

199.7 7 
407.2 2 

14.8 8 
20.5* * 
31.6 6 
69.2 2 

54.6 6 
76.6 6 
4.0 0 
11.2 2 
4.7 7 
0.9 9 

32.2 2 
2.9 9 

-1.4 4 
23.0 0 
26.4 4 
10.5 5 

65.1 1 
8.6 6 
15.3 3 
42.3 3 
38.1 1 
25.4 4 

EFF - left ventricular ejection fraction, EDD = left ventricular end-diastolic diameter. No significant 
differencess in baseline parameters between ischemic and non-ischemic etiology. * P<0.05, within group 
comparison.. * P values for between group comparison of increment of parameters. 

Tablee 4, Efficacy parameters for metoprolol treated patients in NYHA class II and III 

MIBGG uptake, cts/voxel 
6-minn walking test, m 
VO,, max, ml/kg/min 
Qualityy of Life 
EF.. % 
EDD.. mm 

baseline e 

95.55  51.6 
4500  64 
17.55  3.5 
17.88  17 
26.11  8.4 
74.88  10.5 

NYHAA II 

66 months 

111.3**  54.5 
4499  80 
18.00  3.9 
13.00  10.9 

34.0**  9.2 
68.2**  lt.1 

deltaa (%) 

15.44  25.5 
-1.55  11.0 
2.88  17.5 

11.33  81.0 
31.55  43.4 

-12.88  21.6 

EFF = left ventricular ejection fraction. EDD = left ventricular end-diastolic diameter. Baseline VO, 
maxx and Quality of Life assessment significantly different between NYHA class II and III . * P<0.05. 
withinn group comparison. +P values for between group comparison of increment of parameters. 
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Metoprolol Metoprolol 

66 months 

699  11 
1288  21 

420.99  84.4 
16.66 5 

32.6**  9.6 
66.9**  10 
0.199  0.17 
3.88  2.3 
1555 7 

17.5**  12.0 
103.1** 7 

deltaa (%) 

-17.55 5 
-5.88  26.8 
0.55  11 
4.88  16.8 
377  63 

-11.44  19.4 
-244  142 
1088  508 
-222  99 
-122  164 

21.99 7 

Effectt (%) 

17 7 
8.2 2 
0.5 5 
5.8 8 
28 8 
12.3 3 
94 4 
77 7 
22.7 7 
3 3 
30 0 

Treatmentt effect 

Interval l 

10.9,22.9 9 
-9.33 ,25.8 

- 9 ,7 7 
-7.2.. 18.7 

-16,72 2 
-19,0.2 2 
-146,52 2 
-2500 ,403 
-47.91 1 

-93,, 147 
-48,-10 0 

Pf f 

0.0001 1 
0.3 3 
0.9 9 
0.4 4 
0.2 2 
0.2 2 
0.35 5 
0.64 4 
0.53 3 
0.6 6 
0.03 3 

baseline e 

96.33  55.3 
438.99  79.0 

16.44  3.1 
19.22  17.7 
23.88  5.2 
75.33  1.3 

Non-ischemic c 

66 months 

106.11  59.5 
433.22  91.1 
18.1**  4.4 
15.0**  12.4 
33.22  12.2 

66.0**  1.0 

deltaa (%) 

13.11  30.2 
-1.88  12.6 
9.77  16.5 

10.77  79.7 
42.33 2 
-11.55  12.1 

P* * 

0.2 2 
0.2 2 
0.04 4 
0.1 1 
0.4 4 
0.8 8 73 3 

NYHAA III 

baseline e 

78.88  42.6 
3566  91 
12.66  3.6 
32.77  18.9 
25.66  9.5 
73.00 6 

66 months 

91.44  59.4 
3833  77 
14.55  4.6 

19.7**  14.1 
28.77  8.2 
66.22  8.4 

deltaa (%) 

12.66  54.1 
2.99  10.7 
7.77  15.6 

-26.00 9 
47.22  55.4 
-8.55  14.7 

P1 1 

0.8 8 
0.2 2 
0.4 4 
0.1 1 
0.5 5 
0.5 5 
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Figuree 3. Box and whiskers plot of 
changess in mean myocardial MIBG uptake 
(percentagee of baseline) in placebo and 
metoprololl  treated patients. 
Meann MIBG uptake increased 21.9% in 
thee metoprolol group as opposed to 
placeboo with a decrease of 7.8 %. 
*(P=0.03.. between group comparison). 

Stratificationn according to the etiology of heartt failure showed no significant differences in baseline 

myocardiall  MIBG uptake between the non-ischemic group and the ischemic group 3 

versuss . P=NS). The effect of metoprolol treatment on MIBG uptake was the same in 

bothh groups (Table 3). 

Patientss in NYHA class II had a slightly higher initial uptake of MIBG than those in class III 

66 versus . P=NS). Using wilhin-group comparison, MIBG uptake increased 

significantlyy more in patients in functional class II than those in class III after 6 months of treatment 

withh metoprolol. However, when changes of MIBG uptake were expressed as percentage changes 
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Figuree 4. Mean myocardial MIBG uptake (cts/voxel) in the 3 groups of metoprolol (50.100.150 mg) 
andd placebo at baseline, and after 6 months of treatment. There are no significant differences in MIBG 
uptakee between the 3 groups. Results expressed as mean  SEM. 
(MIBG)) [U3-Metaiodobenzylguanidine. 
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fromfrom baseline, the difference in increment in MIBG uptake was statistically not significant (Table 4). 

Theree were no significant differences in baseline-MIBG uptake and metoprolol-induced changes 

betweenn the 3 dosing groups in the patients assigned to metoprolol {Figure 4). 

Thee negative chronotropic effect of metoprolol was reflected by a significant decrease in heart 

ratee from 2 to 2 beats per minute after 6 months of treatment (P=0.0001). the systolic 

andd diastolic blood pressure did not change. Left ventricular ejection fraction (EF) and end-

diastolicc diameter (EDD) changed over time. Placebo treatment showed negligible changes in EF 

andd EDD. For patients treated with metoprolol EF increased from % to . 

EDDD decreased from 1 to 66.9  10 mm after 6 months of treatment. Both parameters changed 

significantlyy when using within group comparison (PO.05). When expressed as percentage change 

comparedd to placebo, the differences were not significant (P=0.2 for EF and EDD). 

Thee neurohormonal parameters, plasma epinephrine, norepinephrine and ANP did not change 

duringg the 6 months of treatment (Table 2). 

Discussion n 
Thee major finding of our randomized, placebo-controlled study of patients with heart failure is 

thatt long-term metoprolol treatment significantly increased myocardial MIBG uptake when 

comparedd to a placebo group. This indicates an effect of metoprolol at the presynaptic level in the 

myocardium.. During the 6 months treatment period, left ventricular ejection fraction increased in 

metoprololl  treated patients, whereas the end-diastolic diameter decreased. 

Resultss of this study extend the findings of recently published studies and add several new 

aspects:'1-1'16'24'' (1) The findings were demonstrated in a randomized, placebo-controlled study. 75 

(2)) The increase in MIBG uptake was observed in both non-ischemic and ischemic cardiomyopathy 

butt somewhat more pronounced in the latter. (3) Changes in MIBG uptake were not dose related. 

Mechanismss of action 
Thee mechanisms of action of p-blockers in heart failure can, in part, be attributed to effects at the 

levell  of the myocytes by protecting the p-receptor from high concentrations of NE in the synaptic 

cleft.. This will prevent the toxic effects of NE and probably also the downregulation of p-receptors. 

Inn addition, there may be an influence on post-receptor events'251 and on calcium homeostasis.11112' 

However,, results from our study suggest an effect of metoprolol at the presynaptic level because 

MIBGG is taken up into the neuron via the NE transporter (in a manner similar to that for NE). The 

observedd increase in myocardial MIBG uptake must reflect changes either in the sympathetic 

nervee endings density, the nerve firing rate or the NE transporter (uptake-1). 

Inn heart failure, density and functional integrity of sympathetic nerve endings is reduced.[:b' It 

cann be postulated that metoprolol treatment increases sympathetic nervous innervation density. 
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Thiss effect of metoprolol can be mediated through its negative chronotropic properties resulting 

inn improved blood-flow, oxygen and nutrition delivery to the myocardium. In addition, anti-

ischemicc effects of metoprolol can add to restore sympathetic nervous innervation. An improved 

MIBGG uptake thus reflects an increased density and an improved functional integrity of sympathetic 

nervouss innervation. 

Neuronall  release of NE is increased in heart failure and contributes to depletion of myocardial 

NEE stores and increased NE levels in the synaptic cleft.'5-7-2"1 Adrenergic firing rate is modulated 

byy presynaptic p\, a, and angiotensin II (ANGII) receptors. It can be postulated that metoprolol 

modulatess NE release by interacting either directly or indirectly in the complex interplay between 

thesee facilitating receptors for NE release ((3,. ANG11) and inhibitory receptors (a J for NE release. 

Inn this conceptual framework, a metoprolol induced decrease in neuronal release of NE leads to 

lowerr levels of NE in the synaptic cleft. Since MIBG follows the same uptake mechanism as NE. 

competitionn in uptake between MIBG and NE from the synaptic cleft into the presynaptic neuron 

byy the NE transporter will change in favor of MIBG. 

Anotherr potential mechanism by which metoprolol can exert a presynaptic effect is related to a 

decreasedd efficiency of presynaptic NE uptake (uptake-1. NE transporter) from the synaptic cleft 

inn heart failure.12*S|i This re-uptake is the main mechanism to remove NE from the synaptic cleft. 

Metoprololl  might influence these uptake-1 sites, and thereby improve MIBG (and thusNE) uptake 

inn the presynaptic nerve endings. 

155 n 

10--

250 0 

_300 . Change in MIB G uptake (%) 

Figuree 5. Correlation between changes 
inn end-diastolic diameter and MIBG 
uptakee during 6 months of treatment with 
metoprolol.. (R=0.15) 
(MIBG)) ll23-Metaiodobenzylguanidine, 
EDDD = left ventricular end-diastolic 
diameter. . 
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Finally,, it has been suggested that ventricular dilatation may cause underestimation of myocardial 

sympatheticc activity.1321 An increased MIBG uptake during metoprolol treatment might thus be 

relatedd to the observed decrease in EDD of the left ventricle. However, we found no correlation 

betweenn a decrease in EDD and change in MIBG uptake (Figure 5). 

Studyy design 
Ann effect of (3-blockers on myocardial  121I-MIBG uptake was recently demonstrated in several 

studies.11-"1611 However, none of these studies included a placebo group although Merlet showed in 

healthyy volunteers no change in MIBG uptake after 1 month of treatment with metoprolol.1'41 

Amongg other reasons, we included a placebo group to correct for potential changes in MIBG 

uptakee over time related to disease progress. Especially in patients with idiopathic dilated 

cardiomyopathyy it can be speculated that spontaneous improvement occurs with better 

hemodynamicss and decrease of sympathetic activation thus leading to improved MIBG uptake. 

Thee fact that no changes in MIBG uptake were seen in the placebo group over time suggests that the 

observedd increase in MIBG uptake in metoprolol treated patients is a direct result of this treatment. 

Non-ischemicc versus ischemic cardiomyopathy 
Thiss study included patients with symptomatic systolic dysfunction irrespective of etiology. Earlier 

studiess on the effect of ^-blockers on MIBG uptake restricted inclusion to patients with idiopathic 

dilatedd cardiomyopathy. The observed improvement in myocardial MIBG uptake was seen in 

bothh ischemic and non-ischemic cardiomyopathy though somewhat more pronounced in the 

ischemicc group. Our observations extend the results from these earlier studies but provide initial 

evidencee that improved MIBG uptake as a result of P-blocker therapy is not restricted to the non-

ischemicc cardiomyopathies. 

Althoughh patients were excluded if they had objective signs of ischemia, it cannot be excluded 

thatt some patients in the ischemic group actually had (silent) ischemia at the beginning of the 

studyy with neuronal damage as a consequence. In turn, this neuronal damage can lead to decreased 

MIBGG uptake.1-,J4] Thus, the observed improvement in MIBG uptake after treatment with 

metoprololl  can partly be explained by restoration of sympathetic nerve endings as a result of the 

anti-ischemicc effects of metoprolol and improved hemodynamics. 

Dosee related effects 
Contraryy to other authors,1"3H we could not demonstrate a dose-related response to metoprolol. 

Thee observed improvement in MIBG uptake after 6 months of treatment showed no difference 

betweenn the 3 dosing groups (50, 100, 150 mg). Similarly, the increase of EF and the decrease of 

EDDD were the same (data not shown). Studies with bucindololf3?1 and carvediloP61 showed dose-

relatedd improvements in left ventricular function. In addition, carvedilol showed a dose-related 
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reductionn in mortality and hospitalization rate.!-b] An essential difference between these two studies 

andd our study is the titration phase. We randomized our patients after a titration phase to their 

maximall  tolerated dose or placebo. In contrast, in both the studies with bucindolol and carvedilol. 

thee patients were directly randomized to one of three dosing groups of active treatment or placebo. 

Itt might well be possible that the degree of fl-blockade was insufficient in the lower dosing group. 

Moreover,, bucindolol and carvedilol are nonselective p-blockers with wreak vasodilating properties, 

whereass metoprolol is a selective P,-blocker devoid of vasodilator activity. 

Althoughh the factors that determine the optimal degree of (3-blockade are not yet known, there 

iss accumulating evidence that treatment with a p-blocker should be directed to the maximally 

toleratedd dose. 

Conclusions s 
Ourr randomized, placebo controlled study of 59 patients with congestive heart failure irrespective 

off  etiology demonstrated an increased myocardial MIBG uptake after long term treatment with a 

maximall  tolerated dose of metoprolol. An increase in ejection fraction and decrease in end-

diastolicc diameter accompanied this increased MIBG uptake. 

Whetherr this increased MIBG uptake is due to a direct effect of metoprolol on the presynaptic neuron 

orr a consequence of hemodynamic improvement or both is unknown. In addition it remains to be 

elucidatedd whether different mechanisms are operative depending on the etiology of heart failure. 
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Abstract t 
Background::  Sympathetic activation plays a pivotal role in heart failure attributing to the 

diseasee process and symptoms of the patient. Myocardial sympathetic activity 
cann be visualized using radioiodinated metaiodobenzylguanidine l23I-MIBG, a 
structurall  analogue of norepinephrine (NE). 

82 2 
Aimm of the study: 

Wee investigated whether a relation exists between myocardial MIBG uptake 
andd different functional, hemodynamic and ncurohormonal parameters in 
patientss with chronic heart failure. 

Methodss and results: 
Thee study comprised 52 patients with stable congestive heart failure functional 
classs II or HI and left ventricular ejection fractions of less than 35%. The heart/ 
mediastinumm ratio (H/M ratio) was calculated to quantify myocardial MIBG 
uptake.. A significant correlation was found between peak oxygen consumption 
andd maximal exercise duration as exercise parameters and H/M ratio of MIBG 
(RR respectively 0.36 and 0.4. P<0.05). From all other measured parameters, 
onlyy plasma NE showed a significant correlation with the H/M ratio of MIBG. 

Conclusion::  Cardiac sympathetic activity, as measured by myocardial MIBG uptake, is 
correlatedd with peak exercise parameters. 
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Introduction n 
Heartt failure frequently leads to progressive exercise intolerance. Several factors may attribute to 

thiss reduced exercise capacity including a decreased cardiac output, changes in skeletal muscle 

metabolism,, wasted skeletal muscle, reduced baroreflex sensitivity, angina threshold and chronic 

sympatheticc overactivity. The general activation of sympathetic function plays a key role in the 

syndromee of heart failure and can initially be considered as compensation but with progression of 

thee disease it becomes pathological and even aggravates the disease process. 

Radioiodinatedd metaiodobenzylguanidine (|:JI-MIBG) , an analogue of norepinephrine can be 

usedd to visualize and quantify myocardial sympathetic activity and integrity. Reduced myocardial 

MIBGG uptake has been demonstrated in heart failure and a correlation exists between severity of 

diseasee and MIBG uptake.1: Recently, Atsumi showed a correlation between exercise capacity 

andd myocardial MIBG uptake.*  The purpose of the present study was to investigate the relation 

betweenn myocardial MIBG uptake and different functional, hemodynamic and neurohormonal 

parameterss in patients with chronic heart failure. 

Methods s 
Studyy patients 
Thee study was approved by the review board and the ethics committee of both participating 

institutions.. Written informed consent was obtained from all patients before they entered the 

study.. The investigation conforms with the principles outlined in the Declaration of Helsinki. 

Wee examined 52 patients with a history of chronic symptomatic heart failure, NYHA functional 

classs II or III and an ejection fraction of less then 35% as assessed by radionuclide ventriculography. 83 

Bothh ischemic and non-ischemic cardiomyopathies were included. Patients were classified as 

ischemicc if they had a history of a documented myocardial infarction and/or coronary angiography 

showedd significant coronary artery disease. 

Inclusionn required stable disease for at least 4 weeks without change in medication before 

measurementt of all functional, hemodynamic and neurohormonal parameters and myocardial 

MIBGG uptake. Exclusion included obstructive airway disease, inability to exercise for other reasons 

thann heart failure, objective signs of ischemia and angina pectoris as limiting factor during exercise. 

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 
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measured.. The course can be entered at different places to avoid patient bias when the test is repeated. 

AA previous study with this course showed an excellent reproducibility of the test in our hospital. 

Peakk oxygen consumption was measured on a bicycle ergometer according to previous defined 

standards.. For the quality of life assessment the Minnesota living with heart failure questionnaire 

wass used.4 

Neurohormones s 
Bloodd samples for plasma catecholamines and atrial natriuretic factor (ANP) were drawn after 30 

minutess of rest in supine position. An indwelling catheter in the antecubital vein inserted before 

thee resting period was used. Bloodsamples were transferred immediately to ice-chilled tubes. The 

plasmaa was separated through centrifugation at 4" C and stored at -70° C until assay. Plasma NE 

concentrationn was determined by high performance liquid chromatography and electrochemical 

detection,, after purification on Biorex 70 and concentration by solvent extraction. Atrial natriuretic 

peptidee was determined by radio-immunoassay (Nichols Institute Diagnostics, Wychen, the 

Netherlands). . 

,23II  -MIB G imaging 
,33II  -MIBG imaging was performed in the morning one hour after 100 mg potassium orally to 

blockk thyroid uptake of free l23I. 185 MBq ,2T-MIBG (Cygne BY, Technical University Eindhoven, 

thee Netherlands) was injected intravenously. Images were obtained 3 hours after injection (planar 

imaging,, medium-energy collimator). A 20% energy window centered on the 159 keV photopeak 

off  123I was used. A region of interest was manually drawn around the left ventricle. Mediastinum 

activityy was measured using a 7x7-pixel region of interest over the upper mediastinum. Cardiac 

MIBGG uptake was quantified by calculating the heart to mediastinum ratio (mean counts per 

pixell  in the heart divided by those in the mediastinum). 

Statisticall  methods 
Numericc values are expressed as means  standard deviation. Correlations were calculated for all 

continuouss variables. Pearson's correlations were calculated using SPSS and considered significant 

att the 0.05 level (2-tailed). 

Results s 
Initially ,, 52 patients were included. One patient was excluded from all analysis because 

(nor)epinephrinee concentrations were far beyond the normal range. In retrospect, there was a 

highlyy significant uptake of MIBG in the renal region, suggesting a pheochromocytoma. His 

progressivee heart failure was probably related to this entity. He died shortly after inclusion in this 
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study.. Baseline characteristics are summarized in table 1. Results of all measured parameters and 

theirr correlation with MIBG uptake are summarized in table 2. Mean H/M ratio of MIBG uptake 

wass 1.8+0.45. 

Tablee 1. Baseline characteristics. 

Age,y y 
Male,, n 
NYHAA functional class, n 

II I 
II I I 

Ischemicc cardiomyopathy, n 
Non-ischemicc cardiomyopathy, n 
Medication,, n 
ACE-inhibitor r 
Digoxin n 

Atriall  fibrillation, n 

n=51 1 

655  10 
35 5 

27 7 
24 4 
31 1 
20 0 

48 8 
16 6 
4 4 

Tablee 2. Correlation between measured parameters and H/M ratio of MIBG. 

Agee (y) 
Hemodynamics s 
Systolicc bloodpressure (mm Hg) 
Diastolicc bloodpressure (mm Hg) 
Meann heart rate day (bts/min) 
Meann heart rate night (bts/min) 
Meann heart rate 24 hours (bts/min) 
Maximall  heart rate (bts/min) 

Echocardiography y 
Ejectionn fraction (%) 
Endd diastolic diameter (ram) 

Functionall  parameters 
VO,maxx (ml/kg/min) 
Exercisee duration (min) 
Sixx minute walking test (m) 
Qualityy of life 

Neurohormones s 
Norepinephrinee (nmol/1) 
Epinephrinee (nmol/1) 
ANP(pg/l) ) 

Includedd patients 
(n=51) ) 

64.77  10.2 

130.44  18.9 
74.33  10.0 
90.00  13.0 
77.33  13.2 
84.55 5 

140.44  20.4 

26.55  6.5 
73.00  10.0 

15.22 3 
7.55  7.3 

408.22  82.6 
26.66  16.5 

3.99  2.6 
0.255  0.24 

189.11  120.8 

H/MM ratio 
Pearson n 

-0.06 6 

0.18 8 
0.24 4 
-0.13 3 
-0.03 3 
-0.13 3 
0.23 3 

0.04 4 
-0.06 6 

0.36* * 
0.4* * 
0.2 2 
-0.09 9 

-0.35* * 
0.04 4 
-0.25 5 

P P 

0.7 7 

0.2 2 
0.09 9 
0.4 4 
0.8 8 
0.4 4 
0.1 1 

0.8 8 
0.7 7 

0.01 1 
0.004 4 
0.2 2 
0.5 5 

0.01 1 
0.8 8 
0.09 9 

Resultss are expressed as mean  SD 
**  Correlation is significant at the 0.05 level (two tailed) 
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Figuree 1. Regression of heart/mediastinum ratio of MIB G uptake vs peak oxygen consumption (P<0.05) 

3.55 -, 

3.00 -

CC 2.0 -

XX 1.5 

1.00 -

0.55 -

n.ii i 

•• • • 
• • •• • • • • • • • 

•• • 

• * • ! : • • 
•• • • ^ 

vv 0.0635X - I.44X 

R :: - 0.1597 

00 5 10 15 

Exercisee duration (min) 

Figuree 2. Regression of heart 'mediastinum ratio of MIBG uptake vs maximal exercise duration (PO.05). 



MIBGG uptake, hemodynamics, functional and neurohormonal parameters 

AA significant correlation was found between H/M ratio and two clinically used exercise parameters: 

peakk oxygen consumption and maximal exercise duration (R respectively 0.36 and 0.4. P <0.05. 

figurefigure 1 and 2). This correlation was not found between total distance during the 6-minute walking 

testt and MIBG uptake (R 0.2, P=0.2). No correlation could be found between heart rate, blood 

pressure,, left ventricular ejection fraction, end-diastolic diameter and quality of life assessment 

andd MIBG uptake. From the three measured neurohormones, only plasma NE showed a significant 

correlationn with MIBG uptake (R -0.35, P=0.01). In addition, a correlation was found between 

totall  distance during the 6-minute walking test and peak oxygen consumption (R 0.7. P=0.0()1) 

andd between the total distance during the 6-minute walking test and duration of maximal exercise 

testingg during peak VG\ testing (R 0.7, P=0.001). Left ventricular ejection fraction was not 

correlatedd to any exercise parameter. 

Discussion n 
Ourr study demonstrates a correlation between myocardial MIBG uptake and two important exercise 

parameters:: peak oxygen consumption and maximal exercise duration. These results extend the 

observationss of two recently published studies that also demonstrated a significant correlation 

betweenn myocardial MIBG uptake and peak oxygen consumption in patients with mild to moderate 

heartt failure.21 In contrast, exercise duration during submaximal testing was not correlated to 

cardiacc MIBG uptake. 

Sympatheticc activity and peak V02. 
Exercisee intolerance resulting in exertional fatigue and dyspnea is a key feature in patients with 

heartt failure. Different mechanisms have been identified to explain these symptoms. First, there 

aree cardiac limitations as a result of a decreased cardiac output. However, from clinical practice it 

iss known that cardiac factors are not the sole mechanism by which exertional symptoms can be 

explainedd as demonstrated by the fact that a correlation between left ventricular ejection fraction 

andd exercise capacity has never been demonstrated. Second, in addition to other peripheral factors/ 

increasedd muscle sympathetic activity has been correlated to reduced exercise tolerance/ Results 

fromm our study and others'  suggest however that the correlation between increased sympathetic 

tonee and exercise impairment is not restricted to sympathetic tone at the level of the peripheral 

musclee but can also be demonstrated for cardiac sympathetic tone. It might well be possible that 

locall  and systemic increase of sympathetic activity (including for example baroreftex impairment) 

contributess to the observed decrease in exercise tolerance. 

Thee fact that myocardial sympathetic activation as measured by MIBG uptake is correlated to 
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exercisee capacity in contrast to several hemodynamic and functional parameters emphasizes the 

rolee of of neurohumoral activation in heart failure. 

Theree is another explanation for the observed correlation between peak VO, and myocardial 

MIBGG uptake because both parameters have been related to disease severity and prognosis.17" 

Thee relation between peak VO, and cardiac MIBG uptake thus represents two different parameters 

off  the same phenomenon: disease severity without direct correlation. It can not be elucidated 

fromm our data whether this hypothesis is true. 

Maximall  vs. submaximal exercise testing 
Inn contrast to peak exercise parameters (peak exercise duration and peak VOJ, the distance 

ambulatedd during the 6-minute walk test could not be correlated to cardiac MIBG uptake. 

Thee 6-minute walk test is an objective measure of submaximal exercise capacity in congestive 

heartt failure and has been correlated both to prognosis and peak VO,.l,M : It reflects functional 

capacityy during daily activity probably better than maximal exercise testing in laboratory conditions. 

Althoughh the distance walked during the 6-min walk test correlated to both peak VO, and maximal 

exercisee duration in our study, no correlation could be found between the results of the 6-min 

walkk test and myocardial MIBG uptake. The reason for this is not immediately obvious and can 

nott be clarified from our data. In line with this observation is the fact that the assessment of 

qualityy of life and functional class were not correlated to cardiac MIBG uptake. Both quality of 

lifee assessment and functional class reflect functional capacity during normal daily life as is the 

casee with the distance ambulated during the 6 minute walk test. 

Inn conclusion, the results from our study indicate that a correlation exists between cardiac 

sympatheticc activity as measured by myocardial MIBG uptake and peak exercise parameters 

(maximall  exercise duration and peak oxygen consumption). 

Studyy limitation s 
Thiss study was conducted before [3-blockcr treatment became part of routine clinical practice in 

heartt failure patients. Although p%bloekers have an effect on sympathetic activity and myocardial 

MIBGG uptake, the effect of [3-blockers on exercise capacity seems to be marginal. It can, however 

nott be predicted whether the observed correlation between peak VO. and maximal exercise duration 

andd myocardial MIBG also applies to patients with heart failure treated with p-blockers. 
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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  -MIB G 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 MIB G 
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 



Cardiacc M1BG imaging in risk stratification in heart failure 

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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AA 58-year-old man with Parkinson's disease for many years was referred to the department of 

cardiologyy because of progressive and severe symptoms of orthostatic hypotension. Examination 

revealedd a drop in systolic blood pressure on standing of 25 mm Hg. Heart rate at rest was 84 

beatss per minute and increased to 88 beats per minute on standing. Cardiac examination showed 

noo abnormalities. 2D echocardiography was normal except for a slightly decreased ejection fraction 

(48%,, Simpson rule). He was treated with metoprolol with a gradual increase in dose to 200 mg/ 

day.. After 6 months of treatment, symptoms of orthostatic hypotension completely disappeared. 

Onn examination, no drop in blood pressure was observed. Before and after 6 months of treatment 

SPECTT i21I-MIB G scintigraphy of the heart was performed. At baseline, almost no myocardial 

MIBGG uptake was observed as displayed in figure 1 showing short axis reconstructions of  m\-

MIBGG SPECT acquisitions. After treatment, a dramatic increase in MIBG uptake can be seen 

(figuree 2, showing the same reconstruction as figure 1) indicating restoration of functional nerve 

endingss in the myocardium with metoprolol. 

Patientss with Parkinson's disease frequently exhibit symptoms of autonomic failure suggesting 

derangementss of the sympathetic and/or parasympathetic nervous system. 

Parkinsonn patients with sympathetic neurocirculatory failure have a loss of cardiac norepinephrine 

spilloverr and absence of myocardial 6-['*F]fluorodopamine-derived radioactivity.' In early and 

latee stages of Parkinson's disease, a decreased uptake of  123I-Metaiodobenzylguanidine (MIBG) 

hass been described.-"1 MIBG is a structural analog of norepinephrine (NE) following the same 

pathwayss as NE. A decreased myocardial uptake of  l21I-MiB G indicates a loss of functional 

myocardiall  nerve endings. 
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figurefigure 1. Short-axis reconstruction of cardiac i:'I-MIB( i SI'i C T acquisitions before treatment with 
metoprololl  in a patient with Parkinson's disease. 

figurefigure 2. Short-axis reconstructions of cardiac |:M-M1BG SPECT acquisitions after 6 months of treatment 
withh metoprolol in the same patient as in figure I 
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Generall discussion 

Generall discussion and clinical implications 
Insightt in pathophysiology and treatment of heart failure has changed tremendously during the 

lastt decades. The earliest haemodynamic concept of the pathophysiology of heart failure focused 

onn the retention of water and salt whereas therapy was limited to the removal of fluid from the 

body.. Although still valid, with the introduction of modern diuretics which are very effective to 

alleviatee symptoms, it was recognized that the haemodynamic derangements alone do not solely 

explainn the many features associated with the syndrome of heart failure. This encouraged further 

(andd ongoing) search for other pathophysiological processes involved in heart failure. The fact 

thatt ACE-inhibitors and p-blockers are effective in reducing both mortality and hospital admissions 

underscoress the importance of the neurohumoral concept in the pathophysiology of heart failure. 

Thee neurohumoral concept recognizes the importance of compensatory mechanisms (sympathetic 

activation,, activation of the renin angiotensin system) as a consequence of a decreased cardiac 

output.. Virtually all of these compensatory mechanisms, while being initially beneficial, have 

deleteriouss long-term consequences thus aggravating the disease process. 

Other,, more recently demonstrated pathophysiological mechanisms include cytokine and immune 

activation,, ventricular remodeling and programmed cell death. In addition, the initial insult and 

subsequentt clinical events like ischemia and atrial fibrillation deserve attention because they 

attributee to disease progression and offer secondary treatment options. 

Althoughh advancements are made in both pathophysiological mechanisms involved in heart failure 

andd treatment modalities, the clinician is still confronted with a malignant disease with a 1-year 

mortalityy of approximately 50% in more advanced cases of heart failure. 

Activationn of the (cardiac) sympathetic nervous system plays a major role as a compensatory 

mechanismm in heart failure. Non-invasive imaging and quantification of sympathetic activity 109 

withh '"I-metaiodobenzylguanidine (MIBG) may guide the clinician to treat patients with all stages 

off  heart failure. 

Understandingg pathophysiology 
Ass in the present thesis MIBG imaging demonstrates derangements at the level of the sympathetic 

presynapticc neuron in heart failure. This in addition to the already known downregulation of the 

p-receptorr on the myocyte and abnormalities in signal transduction. Exact mechanisms are not 

yett elucidated, prejunctional norepinephrine (NE) release is a complex interplay between 

sympatheticc tone, NE release, re-uptake and spillover. NE release is facilitated by prejunctional 

p\\ and angiotensin II receptors and inhibited by prejunctional a-receptors. Future research will 

bee directed at visualization and quantifying these receptors. We and others demonstrated that 

enalaprill  and metoprolol increase cardiac MIBG uptake. This indicates that the beneficial clinical 

effectss of p-blockers and ACE-inhibitors are accompanied by improvement of presynaptic 

sympatheticc nerve integrity. 
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Monitorin gg therapy 
AA non-invasive tool to identify responders to medical therapy (i.e. P-blockers and ACE-inhibitors) 

andd to assess optimal dosing strategies would be most helpful. Unfortunately, no such tool is 

available.. Although myocardial MIBG uptake improves after treatment with metoprolol and 

enalapril.. large inter- and intraindividual variations exists. Moreover, no uniform quantification 

methodd has been developed making comparison between laboratories difficult. Therefore medical 

treatmentt with p-blockers and enalapril should be directed at the maximal tolerated dose in 

individuall  patients. Recent research demonstrated that B-type natriuretic peptide can probably be 

usedd as a simple noninvasive marker of the efficacy of medical treatment. 

Prognosticc markers and identification of high risk patients 
Moree severe forms of heart failure are still associated with a very high mortality. ACE-inhibitors 

andd [3-blockers are of unequivocal benefit and can alter the biological properties of the heart in 

systolicc dysfunction. Treatment of heart failure due to more dominant left-ventricular diastolic 

dysfunctionn remains an open question. Identification of high risk patients is important in managing 

forr example a heart transplantation waiting list because of limited donor supply. We demonstrated 

that,, among other clinical parameters, maximal oxygen consumption remains the most powerful 

predictorr of mortality in patients with more severe forms of heart failure. Cardiac MIBG uptake 

ass a marker of sympathetic activation has probably no additional value with regard to prognosis 

orr risk stratification. 

Inn conclusion, delaying the onset of heart failure and its progression is of major importance to the 

individuall  patient. Activation of compensatory mechanisms in heart failure in response to a 

decreasedd cardiac output plays an important role. Medical treatment with ^-blockers and ACE-

inhibitorss interfere with these compensatory mechanisms and reduce both mortality and morbidity. 

Imagingg and quantification of one of these compensatory mechanisms, cardiac sympathetic activity, 

withh i:,I-MIB G imaging is of limited clinical value in patients with heart failure but can contribute 

too the understanding of the pathophysiology in heart failure and other abnormalities of the heart. 
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Summaryy and Conclusions 

Summary y 
Thee aim of this thesis was to study the influence of fJ-blockers (metoprolol) and angiotensin 

convertingg enzyme inhibitors (enalapril) on cardiac sympathetic activation as measured by 123I-

MetalodoBenzylGuanidinee (MIBG) in patients with heart failure. In addition, the relation between 

myocardiall  MIBG uptake and several hemodynamic, clinical (including prognosis) and 

neurohormonall  parameters was studied. 

Chapterr  I 
Heartt failure is initiated after an insult to the myocardium with a resultant loss of myocytes and 

systolicc and/or diastolic heart failure. Chapter I gives an overview of incidence and prevalence of 

thee syndrome of heart failure, the activation of compensatory mechanisms, treatment modalities 

andd a brief review of future developments. 

Chapterr  II 
Thee decline in contractile function of the myocardium results in the clinical syndrome of heart 

failuree and activation of a broad range of compensatory mechanisms at the myocardial level 

(myocardiall  hypertrophy, sympathetic activation, parasympathetic modulation, growth factors, 

cytokines)) and at the systemic level (renin-angiotensin, adrenergic stimulation, vasodilatory 

molecules,, cytokines). These compensatory mechanisms can initially  be considered as beneficial 

too support cardiac function but eventually they aggravate the disease process because of their 

adversee biological effects on the long term. Interventions such as treatment with ACE-inhibitors 

andd (i-blockers that are primarily aimed at a reduction in the long-term consequences of neuro-

humorall  activation can improve the biological properties of the chronically failing heart. This 

conceptt was confirmed in several large trials with ACE-inhibitors and fJ-blockers that showed a 

significantt reduction in both morbidity and mortality in patients with heart failure. 

Chapterr  II 
Myocardiall  sympathetic activation is one of the major compensatory mechanisms in heart failure. 

Increasedd firing rates of the presynaptic neuron and a decreased efficiency of norepinephrine 

(NE)) re-uptake from the synaptic cleft into the presynaptic neuron via the NE-transporter both 

wil ll  result in increased levels of NE in the synaptic cleft and depletion of intraneuronal NE 

contentt within the myocardium. The increased concentration of NE in the synaptic cleft will 

resultt in downregulation of the p-receptors on the myocytes (and thus a diminished contractile 

reserve)) and a direct toxic effect of NE on the myocytes resulting in apoptosis and necrosis. 

Becausee sustained sympatho-excitation is maladaptive in heart failure (thereby exerting detrimental 

effects)) and is correlated to prognosis, assessment of sympathetic nervous activity is valuable to 

predictt clinical outcome and to evaluate the effect of therapeutic strategies in these patients. In 
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addition,, studies assessing cardiac sympathetic function will help in our understanding of the 

syndromee of heart failure and the maladaptive consequences. 

Sympatheticc activation can be assessed in several ways. In this thesis, i:3I-MetaIodoBenzy IGuanidine 

(MIBG),, a structural analogue of NE is used. M1BG has been shown to be taken up by sympathetic 

nervess in a manner similar to NE but it is not metabolized. Myocardial uptake can be visualized and 

quantifiedd using a gamma camera and dedicated software. 

Chapterr  IV 
P-Blockers,, that antagonize the activated sympathetic nervous system have been shown to be 

extremelyy beneficial in the long-term in moderate severe heart failure in terms of significant 

improvementss in both morbidity and mortality. A meta-analysis of all published trials reporting 

onn mortality included 15.138 patients and revealed a risk reduction of 27% in patients treated 

withh a P-blocker as compared to placebo. 

Thee mechanisms of action of [3-blockers in heart failure are only partly elucidated. Among the 

knownn and suggested mechanisms in heart failure are: 

11 induction of an upregulation of (3-receptor expression, 

22 prevention of apoptosis. 

33 influence on calcium homeostasis resulting in a decreased left ventricular end-diastolic pressure, 

44 negative chronotropic activity with anti-ischemic and favorable hemodynamic effects, 

55 metabolic and anti-remodel ing effects, 

66 central and presynaptic effects resulting in a decrease of NE outflow from the presynaptic 

neuron, , 

77 interference with the renin-angiotensin system resulting in lower levels of angiotensin II. 

Chapterr  V 
Thee effects of enalapril on sympathetic function were assessed in 23 patients with chronic 

symptomaticc heart failure and an ejection fraction less than 40%. SPECT imaging of '^I-MIBG 

uptakee was used to assess changes of cardiac MIBG uptake. Results showed a significant increase 

off  cardiac MIBG uptake after 6 weeks of treatment indicating improved cardiac sympathetic 

integrity.. Plasma NE did not change. No correlation was found between cardiac MIBG uptake 

andd plasma NE concentration. 

Chapterr  VI 
AA randomized, placebo controlled study with metoprolol was conducted in 59 patients with 

symptomaticc congestive heart failure and a mean left ventricular ejection fraction of 25%. The 

meann daily dose of metoprolol was 126 mg. After 6 months of treatment, a significant increase of 

myocardiall  MIBG uptake was found in the metoprolol treated patients when compared to placebo. 

Inn addition, an increase of ejection fraction and a decrease of end-diastolic diameter was seen in 
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treatedd with metoprolol. The observed improvement in myocardial MIBG uptake was seen in 

bothh ischemic and non-ischemic cardiomyopathy, though somewhat more pronounced in the 

ischemicc group. No dose related response to metoprololl  was seen. 

Itt is concluded that metoprolol has beneficial effects on cardiac sympathetic function. The exact 

mechanismss however cannot be extracted from these data. Metoprolol may exert a direct effect 

onn the presynaptic neuron and/or induces a hemodynamic improvement. 

Chapterr  VII 
AA significant correlation was demonstrated between peak oxygen consumption and 

a.. maximal exercise duration as exercise parameter 

b.. Heart/Mediastinum ratio of  !23I-MIB G uptake. 

Chapterr  VII I 
Markerss of sympathetic activation have been shown to portend a poor prognosis. Both elevated 

plasmaa NE levels and reduced myocardial  1;3I-MIB G uptake are associated with severity of disease 

andd increased mortality. We performed univariate and multivariate Cox regression analysis in 58 

patientss to study the relation between baseline MIBG uptake and plasma NE levels and long-term 

mortality.. In contrast to other studies, myocardial MIBG uptake did not correlate with 

cardiovascularr mortality. Peak oxygen consumption, end-diastolic volume, plasma NE and exercise 

performancee during bicycling and walking had prognostic significance in patients with heart 

failuree treated with b-blockers on top of ACE-inhibitors. 

Chapterr  IX 
Patientss with Parkinson's disease frequently exhibit symptoms of autonomic dysfunction that 115 

suggestt derangements of the sympathetic and/or parasympathetic nervous system. 

AA patient with Parkinson's disease and severe orthostatic symptoms and normal left ventricular 

functionn is described who was treated with metoprolol. Symptoms of orthostasis almost completely 

disappearedd after 6 months of treatment. Myocardial  ,23I-MIB G uptake improved dramatically 

duringg this treatment period. 

Chapterr  X 
Inn this chapter, the study results and their clinical implications are discussed in the general 

perspectivee of heart failure. 
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Conclusions s 
Fromm the studies described in this thesis, the following conclusions can be drawn. 

 Sympathetic activation is of major importance in the syndrome of heart failure. 

 Medical interventions with ACE-inhibitors and pVblockers can improve the biological 

propertiess of the failing heart. 

 (i-Blockers significantly reduce mortality in heart failure. 

 Treatment with enalapril and metoprolol increases myocardial  l23I-MIB G uptake in patients 

withh heart failure. 

 Increased myocardial MIBG uptake indicates improves cardiac sympathetic integrity. 

 Myocardial MIBG uptake (H/M ratio) is correlated with peak oxygen consumption and 

exercisee tolerance. 

 Baseline myocardial MIBG uptake (H/M ratio) does not correlate with long term prognosis 

inn patients with heart failure when treated with ^-blockers on top of ACE-inhibitors. 

 Metoprolol increases myocardial MIBG uptake in Parkinson's disease with improvement 

off  orthostatic symptoms. 
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Samenvattingg en Conclusies 

Samenvattingg en conclusies. 

Ditt promotie onderzoek bestudeert de invloed van p-blokkers (metoprolol) en ACE-remmers 

(enalapril)) op de sympathische activatie in myocardweefsel bij patiënten met hartfalen. De 

sympathischee activatie wordt gemeten met 121I-MetalodoBenzylGuanidine (MIBG). Tevens wordt 

dee relatie tussen cardiale MIBG opname en verschillende hemodynarnische, klinische {inclusief 

prognose)) en neurohormonale variabelen onderzocht. 

Hoofdstukk I 
Systolischh en/of diastolisch hartfalen is het resultaat van een beschadiging van het myocard 

waardoorr functionerende myocyten verloren gaan. Hoofdstuk I geeft een kort overzicht van 

incidentiee en prevalentie, decompensatie-mechanismen, behandelingsmogelijkheden en een korte 

beschouwingg van toekomstige ontwikkelingen bij de behandeling van hartfalen. 

Hoofdstukk II 
Dee verminderde pompfunctie van het hart resulteert in het klinische syndroom hartfalen en de 

activatiee van een aantal compensatie-mechanismen. Deze compensatie-mechanismen worden 

gevondenn op het niveau van het myocard (hypertrofie, sympathische activatie, parasympathische 

modulatie,, groeifactoren, cytokines) en op systemisch niveau (renine-angiotensine, adrenerge 

activatie,, vasodilatatie, cytokines). Hoewel deze compensatie-mechanismen in eerste instantie 

adequaatt zijn om de pompfunctie op verschillende manieren te ondersteunen zullen ze op de 

langeree termijn het ziekteproces ongunstig beïnvloeden en zelfs versterken. Medicamenteuze 

behandelingg met ACE-remmers en p-blokkers die erop gericht zijn de lange termijn consequenties 

vann de neurohumorale activatie bij hartfalen te beïnvloeden zijn in staat de biologische 

eigenschappenn van het myocard in gunstige zin te beïnvloeden. Meerdere trials met ACE-remmers 

enn P-blokkers hebben aangetoond dat dit concept valide is. Er werd een significante verbetering 

vann zowel morbiditeit als mortaliteit aangetoond. 

Hoofdstukk II I 
Sympathischee activatie in het myocard is een van de belangrijkste compensatie-mechanismen bij 

hartfalen.. Een verhoogde vuurfrequentie van het presynaptische neuron en een verlaagde heropname 

vann noradrenaline (NA) in het presynaptische neuron zorgen beide voor een verhoogde concentratie 

NAA in de synaptische spleet en een afname van het intraneuronaal gelokaliseerde NA. De verhoogde 

concentratiee NA in de synaptische spleet resulteert in een zogenaamde 'downregulatie' van de P-

receptorenn op de myocyten waardoor de kontraktiele reserve van het hart (verder) afneemt. Daarnaast 

heeftt NA een direct toxisch effect op het myocard met apoptosis (geprogrammeerde celdood) en 

necrosee als gevolg. Voordurende activatie van het sympathische zenuwstelsel heeft dus een 
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ongunstigee uitwerking op het hart. Er bestaat een correlatie tussen de mate van sympathische 

activatiee en prognose. Een betrouwbare visualisatie en kwantificatie van de sympathische activatie 

inn het myocard kan derhalve zinvol zijn om {1) het klinische beloop bij patiënten met hartfalen te 

voorspellen,, (2) het effect van medicamenteuze behandeling op de sympathische activatie te 

beoordelenn en (3) meer inzicht te verkrijgen in het syndroom hartfalen en de ongunstige 

consequenties.. In dit proefschrift wordt gebruik gemaakt van I:1I- MetalodoBenzylGuanidine 

(MIBG),, een analogon van NA. MIBG wordt op dezelfde wijze als NA door het presynaptische 

neuronn opgenomen en opgeslagen maar wordt niet gemetaboliseerd. Omdat MIBG radioactief 

gelabeldd is met Jodium kan visualisatie en kwantificatie plaatsvinden met een gamma camera. 

Hoofdstukk IV 
fj-blokkerss gaan het effect van de sympathische activatie bij hartfalen ten dele tegen. In 

verschillende,, groots opgezette trials bij patiënten met hartfalen is het gunstige effect op mortaliteit 

enn morbiditeit van dit soort middelen aangetoond. Een meta-analyse van alle gepubliceerde studies 

omvatt 15.138 patiënten. Uit deze gepooide data werd een risicoreductie berekend van 27% ten 

gunstee van behandeling met een (i-blokker in vergelijk met placebo. Op grond van literatuurstudie 

kann geconcludeerd worden dat de exacte werkingsmechanismen van P-blokkers nog niet duidelijk 

zijn.. De aangrijpingspunten liggen naar alle waarschijnlijkheid op meerdere niveaus en omvatten 

inn teder geval: 

11 een zogenaamde upregulatie van de p-receptoren op de myocyt. 

22 preventie van apoptosis en necrose, 

33 beïnvloeding van de calcium huishouding met een verlaging van de einddiastolische druk in 

dee linkerkamer. 

44 een negatief ehronotroop effect met daardoor een vermindering van ischemie en een gunstig 

effectt op hemodynamische parameters, 

55 metabole en anti-remodeling effecten, 

66 centrale en perifere effecten waardoor NA release afneemt. 

77 lagere concentraties angiotensine II door interferentie met het renine-angiotensine systeem. 

Hoofdstukk V 
Dee invloed van enalapril op de sympathische activatie is onderzocht bij 23 patiënten met chronisch 

hartfalenn en een ejectiefractie lager dan 40%. Met behulp van SPECT-imaging werden de 

veranderingenn in MIBG opname in het myocard gevisualiseerd en gekwantificeerd. Na 6 weken 

behandelingg met enalapril werd een statistisch significante toename van de MIBG opname in het 

myocardd gezien. Deze toename duidt op een verbetering van de functionele integriteit van de 

presynaptischee neuronen in het myocard. De concentratie NA in het bloed veranderde niet onder 

invloedd van enalapril. Er bestond geen correlatie tussen de concentratie NA in het bloed en de 

MIBGG opname in het myocard. 



Samenvattingg en Conclusies 

Hoofdstukk VI 
Ditt hoofdstuk beschrijft een gerandomiseerde, placebo gecontroleerde studie met metoprolol 

(eenn p-blokker) bij 59 patiënten met hartfalen en een gemiddelde ejectiefractie van 25%. Na 6 

maandenn behandeling was er sprake van een significante toename van cardiale M1BG opname in 

dee patiënten die behandeld werden met metoprolol in vergelijking met placebo. Tevens was er 

sprakee van een toename van de ejectiefractie en een afname van de einddiastolische diameter bij 

dee patiënten die met metoprolol werden behandeld in tegenstelling tot de placebogroep waarin 

geenn veranderingen optraden. De verbetering van de MIBG opname werd gezien bij zowel 

ischemischee als niet-ischemische cardiomyopathieën hoewel het effect in de groep met een 

ischemischee cardiomyopathie wat meer uitgesproken leek. Het effect was niet gerelateerd aan de 

dosis.. Op grond van deze bevindingen kan geconcludeerd worden dat metoprolol een gunstige 

invloedd heeft op de sympathische activiteit in het myocard hoewel het werkingsmechanisme niet 

geheell  duidelijk is en ook niet uit deze studie afgeleid kan worden. 

Hoofdstukk VII 
Inn dit hoofdstuk wordt een relatie aangetoond tussen de maximale zuurstof consumptie en de 

cardialee MIBG opname. Tevens bestaat er een correlatie tussen de maximale inspanningsduur bij 

inspanningsonderzoekk en de cardiale MIBG opname. 

Hoofdstukk VII I 
Blijkenss de literatuur bestaat er een relatie tussen plasma NA gehalte en prognose. Dezelfde 

relatiee is, hoewel wat minder duidelijk, aangetoond voor cardiale MIBG opname bij patiënten 

mett klinisch manifest hartfalen. Dit hoofdstuk beschrijft een univariate- en een multivariate Cox 

regressiee analyse van diverse klinische, hemodynamische en neurohumorale parameters in relatie 

tott mortaliteit. In tegenstelling tot diverse studies uit de literatuur bestond er geen correlatie 

tussenn cardiale MIBG opname en cardiovasculaire mortaliteit. Maximale zuurstofconsumptie, 

plasmaa NA concentratie en inspanningstolerantie daarentegen hadden wel prognostische betekenis 

bijj  patiënten met hartfalen die behandeld werden met een (3-blokker en een ACE-remmer. 

Hoofdstukk IX 
Bijj  patiënten met de ziekte van Parkinson worden regelmatig verschijnselen gezien die passen bij 

autonomee dysfunctie die suggereren dat het sympathische en parasympathische zenuwstelsel 

betrokkenn zijn in het ziekteproces. Er wordt een patiënt beschreven met ernstige orthostatische 

verschijnselenn en een normale linker kamerfunktie die langdurig behandeld is met hoge doseringen 

metoprolol.. De verschijnselen van orthostase verdwenen vrijwel volledig tijdens deze behandeling 

enn de cardiale opname van MIBG toonde een dramatische verbetering. 



Chapterr XI 

Hoofdstukk 10 
Inn dit hoofdstuk worden de resultaten van ons onderzoek in meer algemene zin besproken waarbij 

mett name de relevantie voor de klinische praktijk de revue passeert. 

Conclusies s 
Uitt de studies die in dit proefschrift beschreven worden kunnen de volgende conclusies getrokken 

worden. . 

 Sympathische activatie speelt een belangrijke rol in het hartfalen syndroom. 

 Medicamenteuze interventie met ACE-remmers en p-blokkers kan resulteren in een 

verbeteringg van de biologische eigenschappen van het hart. 

 (3-blokkers reduceren de mortaliteit bij patiënten niet hartfalen. 

 Cardiale MIBG opname wordt verhoogd door behandeling met een ACE-remmer of een (5-

blokker. . 

 Verhoging van de cardiale MIBG opname betekent verbetering van sympathische functionele 

integriteit. . 

 Cardiale MIBG opname is gecorreleerd aan de maximale zuurstofconsumptie en 

inspanningstolerantie. . 

 Cardiale MIBG opname correleert niet met de lange termijn prognose bij patiënten met 

chronischh hartfalen die behandeld worden met een ACE-remmer en een p-blokker. 

 Metoprolol verhoogt de cardiale MIBG opname bij de ziekte van Parkinson en verbetert 

orthostatischee symptomen. 
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Dankwoord d 

Dankwoord d 
Zonderr de hulp van velen was dit onderzoek en het daaruit voortvloeiende proefschrift nooit tot 

standd gekomen. Veel dank ben ik in de eerste plaats verschuldigd aan de patiënten die deelnamen 

aann de MEHA studie (MEtoprolol bij HArtfalen) en bereid waren daar vele uren voor op te 

offerenn om zowel in Hilversum als in Amsterdam (extra) onderzoek te ondergaan. Daarnaast 

hebbenn een aantal mensen mij in het bijzonder geholpen; ik wil van deze gelegenheid gebruik 

makenn om hen te bedanken. 

Mijnn promotoren Prof. Dr. K.I. Lie en Prof. Dr. J.G.P Tijssen. 

Bestee Henk, vanaf je komst vanuit Groningen naar het AMC in Amsterdam heb je me gesteund in 

dee verdere uitwerking van de MEHA studie, niet alleen vanuit wetenschappelijk oogpunt maar 

ookk bij logistieke en financiële perikelen rond het onderzoek. Jouw niet aflatende steun heeft mij 

zeerr geholpen om dit proefschrift tot een goed einde te brengen. Ik hoop dat de samenwerking 

tussenn de afdelingen cardiologie van het AMC en het Ziekenhuis Hilversum in de komende jaren 

verderr gestalte krijgt. 

Bestee Jan, de vele discussies die we gevoerd hebben over de interpretatie van de resultaten en de 

statistischee analyses zijn voor mij essentieel geweest. Zonder jouw hulp was er niets terecht 

gekomenn van alle P waardes en multivariaat analyses. De afdeling cardiologie van het AMC kan 

zichh gelukkig prijzen met jouw aanwezigheid op de vierde verdieping. 

Dee co-promotoren Prof. Dr. B.L.F, van Eck-Smit en Prof. Dr. P.A. van Zwieten. 

Berthe,, je hulp bij de problemen rond de kwantificatie van de MIBG opname is uitermate belangrijk 

geweestt omdat dit de kern van ons onderzoek is. Je kritische blik bij de beoordeling van de 

manuscriptenn is de kwaliteit van de artikelen zeker ten goede gekomen. 

Professorr van Zwieten, vroeger vond ik receptoren, pre- en postsynaptisch, a, P, en 32 maar taaie 

materie.. Ons onderzoek en uw bijdrage hebben mijn inzicht aanmerkelijk verdiept. Dit proefschrift 

vormtt daar (naar ik hoop) de weerslag van. 

Dee leden van de promotiecommissie, Prof. Dr. W.H. van Gilst, Dr. J. Karemaker, Prof. Dr. J.H. 

Kingma,, Prof. Dr. J.J. Piek, Prof. Dr. E.A. van Royen en Prof. Dr. E.E. van der Wall dank ik voor 

hunn bereidheid zitting te nemen in de promotiecommissie. 

Zonderr geld geen onderzoek. In de eerste plaats ben ik AstraZeneca veel dank verschuldigd. Dr. 

J.S.. Wiering heeft, als hoofd van de medische afdeling van toentertijd nog Astra een zogenaamde 

unrestrictedd grant ter beschikking gesteld om de MEHA studie financieel mogelijk te maken. 

Tevenss heeft Astra de taak op zich genomen om tabletten (metoprolol en matching placebo) te 

leverenn in genummerde verpakkingen zodat het onderzoek daadwerkelijk dubbelblind en placebo 

gecontroleerdd kon worden uitgevoerd. Beste Hans, ik ben je veel dank verschuldigd voor het 

vertrouwenn in de vorm van deze grant. In de tweede plaats heeft het Ziekenhuis Hilversum een 

duitt in het zakje gedaan door een financiële bijdrage van de Stichting tot bijstand van het Ziekenhuis 



Hilversumm (voorzitter Prof. Dr. L.F. van Muiswinkel). Het getuigt van kwaliteit en visie dat een 

perifeerr ziekenhuis wetenschappelijk onderzoek op deze wijze ondersteunt. 

Drs.. Andre de Groot, ji j hebt het onderzoek nauwgezet uitgevoerd als assistent cardiologie in 

Ziekenhuiss Hilversum. Niet alleen de patiënten konden je inzet waarderen. 

Dee maatschap cardiologie in het Ziekenhuis Hilversum. Frits van Bemmel, Koen Liem en Freek 

Wempe.. Jullie hebben mij binnen de maatschap altijd gesteund bij de uitvoering van het onderzoek. 

Mijnn hartelijke dank. 

Dr.. J.T. Keijer, beste Tonnis, dank voor alle correcties in het manuscript. Ik verheug me zeer op 

onzee samenwerking de komende jaren. 

All ee medewerkers van de functie- en polikliniek cardiologie in het Ziekenhuis Hilversum en de 

medewerkerss van de afdeling nucleaire geneeskunde en de Holterkamer van het AMC hebben 

direktoff  indirekt geholpen in de uitvoering van de onderzoeken of bij het verzamelen van gegevens. 

Zonderr jullie morele en daadwerkelijke steun had het veel meer moeite gekost om dit proefschrift 

tott een goed einde te brengen. Met het risico dat ik anderen tekort doe wil ik toch twee personen 

mett name noemen; José en Sylvia zijn enkele malen de archieven ingedoken omdat er weer extra 

gegevenss noodzakelijk waren tijdens de analyse van de getallen. Ook als er weer eens op het 

laatstee moment veel kopieën nodig waren die eigenlijk gisteren al verstuurd hadden moeten zijn 

warenn julli e altijd bereid te helpen. 

Dr.. Aernoud Somsen, beste Aernoud, de fundamenten voor dit proefschrift zijn gelegd door 

jouww promotie onderzoek Jouw proefschrift en hoofdstuk 5 in mijn boekje zijn hiervan de getuigen. 

Ikk hoop de samenwerking in de nabije toekomst op enigerlei wijze te kunnen continueren. 

Mijnn paranimfen Bert Hesp en Rob de Winter ben ik zeer erkentelijk voor het feit dat ze mij op 

mijnn promotiedag moreel en logistiek willen bijstaan. Daarnaast wil ik ze bedanken voor de vele 

jarenn van hechte vriendschap. 

Mijnn ouders wil ik in meer algemene zin bedanken. Zij hebben mij gestimuleerd om te gaan 

studerenn en hebben mij tijdens moeilijke momenten op de been gehouden. Zeeland is heel lang 

'thuis'geweest:: voet aan wal zetten in Breskensgaf altijd weereen speciaal gevoel. Met de komst 

vann de Westerschelde-tunnel en het verdwijnen van de boot Vlissingen-Breskens zullen komende 

generatiess dit gevoel niet meer kunnen ervaren. West-Zeewsch Vlaanderen zal met de komst van 

dee tunnel nooit meer helemaal hetzelfde zijn. De geborgenheid van 'thuis' was lang een rustpunt 

inn woelige tijden. 

Tenslottee het huidige thuisfront, Maria, Inge, René en Simone. "Het boekje" is eindelijk af! 

Avonden,, nachten, weekenden en delen van de vakantie zijn opgeofferd aan het "boekje,\ Jullie 

hebbenn me altijd weer gestimuleerd om verder te gaan ondanks de "tegenslagen" die er in de loop 

vann de jaren geweest zijn. De gevoelens die ik hierbij heb kan ik niet in woorden uitdrukken. 

Julliee steun in de realisatie van dit boekje is voor mij heel belangrijk geweest. In de komende 

jarenn hoefik in ieder geval mijn aandacht niet meer tussen julli e en "het boekje" te verdelen. 



Curriculumm Vitae 

Paull  Augustinus Rene de Milliano werd geboren op 3 februari 1956 te Sluis. Na zijn eindexamen 

atheneumm aan de scholengemeenschap "Koningin Wilhelmina"te Oostburg begon hij in 1975 

mett de studie geneeskunde aan de Universiteit van Amsterdam. In de periode 1980-1981 was hij 

aktieff  betrokken bij onderzoek naar het effect van prehospitale lidocaine toediening ter voorkoming 

vann letale ritmestoornissen (Dr. R.W. Koster). In 1983 was hij gedurende 4 maanden werkzaam 

inn Kenya waar onderzoek werd verricht naar de voedingstoestand van kinderen in relatie tot het 

eetpatroonn (Dr A. Jansen, Tropeninstituut Nairobi). Na het behalen van het artsexamen in 1984 

wass hij aanvankelijk gedurende 6 maanden werkzaam bij ambulancedienst Broeder de Vries. 

Vervolgenss werd hij (de eerste) AGNIO cardiologie in het AMC te Amsterdam. In 1986 deed hij 

onderzoekk nar de effecten van transdermale nitroglycerine bij patiënten met stabiele angina pectoris. 

Inn 1987 werd gestart met de vooropleiding interne geneeskunde (Prof. Dr. J. Vreeken) in het 

AMCC en in 1989 nam de opleiding cardiologie een aanvang (Prof. Dr. A.J. Dunning) in het AMC. 

Inn 1992 werd hij geregistreerd als cardioloog. Reeds tijdens de opleiding werd onderzoek verricht 

naarr de sympathische aktivatie bij hartfalen. Na zijn vertrek naar het Ziekenhuis Hilversum in 

19922 werd in 1993 de draad van wetenschappelijk onderzoek weer opgepakt. Dit boekje is de 

resultantee van deze inspanningen. 
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