
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

123I-MIBG scintigraphy for the assessment of cardiac sympathetic activity

Verberne, H.J.

Publication date
2007
Document Version
Final published version

Link to publication

Citation for published version (APA):
Verberne, H. J. (2007). 123I-MIBG scintigraphy for the assessment of cardiac sympathetic
activity. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/123imibg-scintigraphy-for-the-assessment-of-cardiac-sympathetic-activity(7e056e00-a30a-4bd6-96d7-1715f0712c7a).html


 

 

 

123I-MIBG scintigraphy for the assessment of 

cardiac sympathetic activity 

Hein Jan Verberne 



 

123I-MIBG scintigraphy for the assessment of cardiac sympathetic activity 

 

ISBN/EAN 978-90-9021937-0 (Thesis in English with summary in Dutch) 

Author  HJ Verberne 

Cover   More than 150-year old oak with typical signs of tree failure,  

  Labarthe, département Tarn-et-Garonne, France  

  Photograph taken by HJ Verberne (spring 2007) 

Lay-out  C van Montfrans (cover design) and HJ Verberne 

Printed by Print Partners Ipskamp BV, Enschede 

 

The publication of this thesis was financially supported by : 

HERMES Medical Solutions, GE Healthcare, Siemens Medical Solutions and TYCO 

Healthcare 

 

© 2007 Hein Jan Verberne, Amsterdam, The Netherlands 



123I-MIBG scintigraphy for the assessment of 

cardiac sympathetic activity 
 

 

 

 

 

 

 

 

ACADEMISCH PROEFSCHRIFT 

 

ter verkrijging van de graad van doctor 

aan de Universiteit van Amsterdam 

op gezag van de Rector Magnificus prof.dr. JW Zwemmer 

ten overstaan van een door het college voor promoties ingestelde commissie, 

in het openbaar te verdedigen in de Aula der Universiteit 

op donderdag 28 juni 2007, te 14:00 uur 

door 

 

 

Hein Jan Verberne 

 

 

geboren te Weesp  



Promotiecommissie 

Promotor: Prof.dr. BLF van Eck - Smit 
 

Co-promotores: dr. GA Somsen 

 dr. E Busemann Sokole 
 

Overige leden: Prof.dr. D Agostini 

 Prof.dr. RAJO Dierckx 

 Prof.dr. AA Lammertsma 

 Prof.dr. JJ Piek 

 Prof.dr. EE van der Wall 

 Prof.dr. AH Zwinderman 
 
 

Faculteit der Geneeskunde, Universiteit van Amsterdam 

This thesis was prepared at the department of Nuclear Medicine, Academic Medical 

Center, Unversity of Amsterdam, the Netherlands 



Aan Bibi, Nora en Sterre 

Voor Ton en Trees 



 

 

Introduction and outline: 

The role of 123I-meta-iodobenzylguanidine (MIBG) in the assess-

ment of the sympathetic nervous system in patients with chronic 

heart failure 

 

Influence of collimator choice and simulated clinical conditions on 
123I-MIBG heart/mediastinum ratios: a phantom study 

Eur J Nucl Med & Mol Imaging 2005;32:1100-1107  

 

Normal values and within-subject variability of cardiac 123I-MIBG 

scintigraphy in healthy individuals; implications for clinical studies 

J Nucl Card 2004; 11:126-133 

 

No-carrier-added versus carrier-added 123I-meta-iodobenzyl-

guanidine for the assessment of cardiac sympathetic nerve activity 

Eur J Nucl Med & Mol Imaging 2006;33:483-490 

 

Clinical performance and dosimetry of no-carrier-added versus car-

rier-added 123I-meta-iodobenzylguanidine (MIBG) for the assess-

ment of cardiac sympathetic activity 

Submitted for publication 

 

Cardiac resynchronization induces favorable neurohormonal changes 

PACE 2005;28:304-310 
 

Utility of 123I-MIBG scintigraphy in subjects with heart failure for 

assessment of risk for a major cardiac event: a European multi-

center study 

Submitted for publication 

Contents 

Chapter 1 

 

 

 

 

Chapter 2 

 

 

 

Chapter 3 

 

 

 

Chapter 4 

 

 

 

Chapter 5 

 

 

 

 

Chapter 6 

 

 

Chapter 7 

1 

 

 

 

 

27 

 

 

 

49 

 

 

 

69 

 

 

 

91 

 

 

 

 

113 

 

 

131 



 

 

Variation in 123I-meta-iodobenzylguanidine (MIBG) late heart 

mediastinal ratio in chronic heart failure: a need for standardi-

zation and validation 

Submitted for publication 

 

Prognostic value of 123I-meta-iodobenzylguanidine (MIBG) in 

patients with heart failure: a systematic review 

Submitted for publication 

 

Summary, general discussion, future perspective and conclusions 

 

Samenvatting, algemene discussie, perspectief en conclusies 

Chapter 8 

 

 

 

 

Chapter 9 

 

 

 

Chapter 10 

 

Chapter 11 

157 

 

 

 

 

175 

 

 

 

203 

 

217 

 

233 

 

237 

 

Dankwoord 

 

Curriculum vitae 



 

 

 



 

 

Introduction and outline: 

The role of 123I-meta-iodobenzylguanidine (MIBG)  

in the assessment of the sympathetic nervous system  

in patients with chronic heart failure  

Chapter 1 

HJ Verberne, GA Somsen, 

E Busemann Sokole, BL van Eck-Smit 



Chapter 1 

2 

Abstract 

Chronic heart failure (CHF) is a complex clinical syndrome that is characterized by ab-

normal function of the ventricles and neurohormonal regulation. It is accompanied by 

effort intolerance, fluid retention and reduced life expectancy. In patients with CHF, 

increased sympathetic activity and cardiac sympathetic dysfunction are present and are 

related to an unfavorable outcome. In recent years, large scale clinical trials have docu-

mented the benefits of pharmacological therapies aimed at limiting left ventricular re-

modeling and even reversing this process. Treatment with angiotensin-converting en-

zyme (ACE) inhibitors and β-blockers has been proven to be beneficial for all patients 

with left ventricular dysfunction. Aldosterone antagonists have been shown to be benefi-

cial in patients with symptomatic heart failure. These beneficial effects were associated 

with an increase in myocardial uptake of 123I-meta-iodobenzylguanidine (MIBG), a 

norepinephrine analog. However, despite the large number of published studies on car-

diac 123I-MIBG imaging, methodological and analytical limitations have interfered with 

the unequivocal interpretation of the imaging data. These limitations have hampered to 

precisely define the value of this technique for the evaluation and management of indi-

vidual patients. In this chapter the relation between CHF, myocardial sympathetic in-

nervation and 123I-MIBG are discussed and the outline of this thesis is described.  
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Chronic heart failure 

Chronic heart failure (CHF) is a complex clinical syndrome that is characterized by ab-

normal function of the ventricles and neurohormonal regulation and caused by any car-

diac disorder that impairs the ability of the left ventricle to fill or eject blood.1, 2 The car-

dinal manifestations of CHF are shortness of breath (dyspnea) and fatigue, which may 

limit exercise tolerance, and fluid retention that results in peripheral edema and pulmo-

nary congestion. The severity of clinical symptoms may vary substantially during the 

course of the disease process and may not correlate with changes in underlying cardiac 

function. 

In Europe, the prevalence of CHF is estimated at about 1% (approximately 4 

million patients in Western Europe), while in the United States, the number of CHF 

patients is approximately 5 million.3-6 About $30 billion in costs, a million hospitaliza-

tions and 55,000 deaths are directly attributed to CHF in the Unites States of America 

(USA) annually.5, 6 CHF is the only category of cardiovascular diseases for which the 

prevalence, incidence, hospitalization rate, mortality, and total burden of costs have in-

creased in the past 25 years, especially in the elderly. Approximately 80% of hospitalized 

patients with CHF are more than 65 years old.5, 6 Due to the aging of the population 

and the improved survival after acute myocardial infarction, it is likely that the inci-

dence of CHF and its impact on public health will continue to increase.2, 5-8 

In the Western industrialized world, coronary artery disease (CAD), hyperten-

sion and valvular heart disease are the main causes of CHF.7, 9 In the past three decades, 

however, there has been a fundamental shift in the origin of CHF. The Framingham 

Heart Study indicates that hypertension and valvular disease are no longer the most 

common cause of CHF, but rather CAD. This shift may be related to the improved sur-

vival of patients after acute myocardial infarction. 

Left ventricular dysfunction begins with some type of injury to the myocardium 

(Figure 1A). In general this is thought to be a progressive process even in the absence of 

a new identifiable insult to the left ventricle. The principal manifestation of such pro-

gression is a change in the geometry and structure of the left ventricle such that the 

chamber dilates and/or hypertrophies and becomes more spherical (i.e. remodeling). 

Remodeling not only increases the hemodynamic stress on the walls of the failing heart 
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that may lead to further depression of its mechanical function, but it may also increase 

mitral regurgitation. These effects sustain and exacerbate the remodeling process. 

In a condition of decreased cardiac output, the cardiovascular system is able to 

maintain an adequate tissue perfusion through the activation of not only intrinsic car-

diac, but also through the activation of endogenous neurohormonal compensation 

mechanisms. There is substantial evidence that these neurohormonal compensation 

mechanisms play an important role in sustaining the process of remodeling.10-17 Thera-

pies aimed at neurohormonal modulation are characterized by the prevention and rever-

sal of remodeling which results in increased exercise capacity and a reduction in mortal-

ity. Traditionally the progression of heart failure has been attributed to remodeling and 

thought to be unrelated to the causes of left ventricular dysfunction.18 However, there is 

evidence that the factors that initiate left ventricular dysfunction also contribute to its 

progression (Figure 1B). The presence and extent of CAD may accelerate the progres-

sion of heart failure, explaining the higher mortality among ischemic compared with 

nonischemic heart failure patients.19, 20 After myocardial infarction the loss of function-

ing myocytes will lead to myocardial fibrosis and left ventricular dilatation. The subse-

quent activation of the neurohormonal system and remodeling lead to progressive dete-

rioration of the remaining “healthy” myocardium.21 Although revascularization with 

thrombolytic agents or percutaneous intervention has been shown to significantly re-

duce mortality after myocardial infarction, it is important to note that remodeling may 

occur despite patency of the infarct related artery.22 

In recent years, large scale clinical trials have documented the benefits of phar-

macological therapies aimed at limiting left ventricular remodeling. Treatment with an-

giotensin-converting enzyme (ACE) inhibitors23-25 and β-blockers26-29 is beneficial for all 

patients with CHF and impaired left ventricular function. An aldosterone antagonist is 

to be advised in symptomatic patients.30 These treatment strategies have been used 

worldwide resulting in a reduction of age-adjusted mortality of CHF patients.31-34 Re-

cently, there is evidence that the addition of the angiotensin-converting receptor blocker  

to the standard therapy including ACE inhibition, β-blockers and aldosterone antago-

nists significantly reduces all-cause mortality, cardiovascular death, and hospitalizations 

related to heart failure in CHF patients with an impaired left ventricular function.35 
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In addition to the morbidity and mortality associated with ventricular dysfunc-

tion, there is also an increased incidence of sudden cardiac death (SCD) in heart failure 

patients. Patients with severely reduced left ventricular ejection fraction (LVEF) (<30-

Figure 1. Left ventricular dysfunction, regardless of cause, develops through ventricular remodeling 
resulting in a dilated left ventricle with a low ejection fraction, leading to arrhythmia, progressive 
pump failure and premature death. Compensation mechanisms (neurohormonal stimulation, i.e. 
activation of the renine agniotensine aldesterone system and sympathetic nervous activation, lead-
ing to vasoconstriction and sodium retention) are activated in reaction to the reduced left ventricular 
function. These compensation mechanisms have been considered to contribute most to the progres-
sion left ventricular remodeling (A). Current available data suggest that the factors that initiate left 
ventricular dysfunction also contribute to its progression (B). 
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35%) are especially at risk.36-38 Although medical therapies for CHF have been success-

ful in reducing morbidity and mortality, in recent years there has been a rapid increase 

in the use of implanted devices as primary treatment for this condition.39-41 This evolu-

tion in management strategy has had an increasing impact on health care budgets in the 

USA and Europe and has stimulated interest in diagnostic tools capable of providing 

insight into future risk for heart failure progression and arrhythmic sudden cardiac 

death (SCD).42, 43 A potential area for such tests is the sympathetic innervation of the 

heart, because of its involvement in the regulation of myocardial contractility and the 

possible link between catecholamine hypersensitivity and ventricular arrhythmias.44-46 

Sympathetic innervation 

The sympathetic nervous system is one of the neurohormonal compensation mecha-

nisms that play a key role in the pathogenesis of CHF. Since the work of Seyle in the 

1940’s, the sympathetic nervous system, together with the hypothalemic-pituary-adrenal 

axis was, thought to play an important supportive role in the flight, fright, and fight re-

action of humans and animals in response to stressful situations.47 The cardiac auto-

nomic nervous system consists of two distinct and counter acting forms: sympathetic 

and parasympathetic innervation. They differ in their major neurotransmitters, norepi-

nephrine and acetylcholine, and exert stimulating or inhibitory effects on target tissues 

via adrenergic and muscarinic receptors. Both are responsible for electrophysiologic and 

hemodynamic adaptation of the cardiovascular system to changing demands. 

 

Anatomy and physiology of the sympathetic nervous system in the myocardium 

Whereas parasympathetic fibers are mainly present in the atria and less abundant in ven-

tricular myocardium, the sympathetic nervous system is the predominant autonomic 

component in the ventricles. Sympathetic fibers travel along epicardial vascular struc-

tures and penetrate into underlying myocardium similar to coronary vessels. On the ba-

sis of tissue norepinephrine content, the heart is characterized by dense sympathetic in-

nervation with a gradient from atria to base of the heart and from base to apex of the 

ventricles.48 
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Neurotransmitters of the sympathetic nervous system 

The dominant sympathetic transmitter norepinephrine is synthesized within neurons by 

an enzymatic cascade (Figure 2). Dihydroxyphenylalanine (DOPA) is generated from 

Figure 2. Schematic representation of the sympathetic synapse. Norepinephrine is synthesized 
within neurons by an enzymatic cascade. Dihydroxyphenylalanine (DOPA) is generated from tyrosine 
and subsequently converted to dopamine by DOPA decarboxylase. Dopamine is transported into 
storage vesicles by the energy-requiring vesicular monoamine transporter (VMAT). Norepinephrine is 
synthesized by dopamine β-hydroxylase within these vesicles. Neuronal stimulation leads to norepi-
nephrine release through fusion of vesicles with the neuronal membrane (exocytosis). Apart from 
neuronal stimulation, release is also regulated by a number of presynaptic receptor systems, includ-
ing α2–adrenergic receptors, which provide negative feedback for exocytosis. Most norepinephrine 
undergoes reuptake into nerve terminals by the presynaptic norepinephrine transporter (uptake-1 
mechanism) and is re-stored in vesicles (following uptake by vesicular amine transporter 2 (VMAT2))
or is metabolized in cytosol dihydroxyphenylglycol (DHPG) by monoamine oxidase (MAO).  
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tyrosine and subsequently converted to dopamine by DOPA decarboxylase. Dopamine 

is transported into storage vesicles by the energy-requiring vesicular monoamine trans-

porter. Norepinephrine is synthesized by dopamine β-hydroxylase within these vesicles. 

Neuronal stimulation leads to norepinephrine release through fusion of vesicles with the 

neuronal membrane (exocytosis). Apart from neuronal stimulation, release is also regu-

lated by a number of presynaptic receptor systems, including α2–adrenergic receptors, 

which provide negative feedback for exocytosis.49 Apart from norepinephrine, sympa-

thetic varicosities store neuropeptide Y (NPY), methionine-enkephalin, leucine-

enkephalin, β-endorphin, and adenosine triphosphate (ATP) in small and large vesi-

cles.50 These neurotransmitters are co-released.51 It is important to realize that norepi-

nephrine and ATP are locally recycled whereas peptide neurotransmitters are trans-

ported along the sympathetic axon to the nerve terminal.50 At a high stimulation fre-

quency over a longer period of time, the sympathetic nerve terminal is devoid of peptide 

neurotransmitters in relation to norepinephrine and ATP. The marked preferential in-

crease in the release of cardiac norepinephrine probably contributes to the eventual de-

pletion of norepinephrine in the failing heart.52 The heart is also thought to be function-

ally denervated, with reduction of tyrosine hydroxylase activity to account for the loss of 

norephinephrine.53 

In the synaptic cleft, only a small amount of released norepinephrine is actually 

available to activate postsynaptic receptors on the myocyte surface. Most norepinephrine 

undergoes reuptake into nerve terminals by the presynaptic norepinephrine transporter 

(NET) and recycles into vesicles or is metabolized in cytosol by monoamine oxidase 

(MAO). See also section uptake-1 and uptake-2. Small fractions of the released norepi-

nephrine diffuse into vascular space, where it can be measured as norepinephrine spill-

over in the coronary sinus or will be taken up by extraneuronal cells via the uptake-2 

mechanism and followed by degradation to norepinephrine metabolites by catechol O-

methyltransferase (COMT).54-57 

Sympathetic neurotransmission is achieved by norepinephrine-mediated activa-

tion of postsynaptic adrenoceptors. These are membrane-bound proteins on target tis-

sue, and are classified in subtypes according to their molecular biological and pharma-

cological characteristics. β-Adrenoceptors are highly abundant in the myocardium58 and 
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exert chronotropic, dromotropic, and inotropic effects. Both β1- and β2-subtypes are 

present with a ratio of approximately 5:1 in the healthy human heart. β1-

Adrenoreceptor activation leads to a much higher degree of adenylcyclase stimulation 

compared to β2-adrenoreceptor activation. However, the degree of stimulation of muscle 

contraction is similar for β1- and β2-adrenoreceptors and is directly related to their rela-

tive densities.59-61 α-Adrenoceptors are mainly present in the vascular wall but are also 

present in the myocardium, where they account for approximately 15% of cardiac 

adrenergic receptors.62 Two classes of α- adrenergic receptors have been identified, α1 

and α2. The α1-adrenergic receptors can be further characterized into various subtypes, 

which are the result of separate gene products differing in structure, G-protein coupling, 

tissue distribution, signaling, regulation, and functions.63-66 Major arteries (including the 

aorta, pulmonary arteries, mesenteric vessels, and coronary arteries) are heavily popu-

lated with α1-receptors, and activation of these receptors by endogenous agonists of α-

adrenergic receptors, epinephrine, and norepinephrine has been demonstrated to be a 

major contributor in the regulation of blood flow by vasoconstriction.67 α2-Adrenergic 

receptors play a prominent role in the regulation of the sympathetic nervous system.68 

Activation of α2-adrenergic receptors in the brainstem leads to a reduction in sympa-

thetic tone, with a resultant decrease in heart rate and blood pressure. This effect is aug-

mented by stimulation of α2-adrenergic receptors on sympathetic nerve terminals. These 

presynaptic α2-adrenergic receptors serve as autoreceptors regulating catecholamine re-

lease. There are three α2-adrenergic receptors subtypes (α2A, α2B, and α2C), and studies 

using gene-targeting strategies indicate independent functions for each.69-71 In conclu-

sion the α2-adrenergic receptors play an important role in regulating the sympathetic 

nervous system both centrally, by regulating sympathetic tone, and peripherally, by 

regulating transmitter release from presynaptic nerve terminals. 

 

Uptake-1 and uptake-2 

The reuptake of catecholamines from the synaptic cleft is mediated by high affinity, low 

capacity, sodium-chloride dependent, transporters present in the outer membrane of the 

presynaptic nerve endings. This transport system is also known as the uptake-1 mecha-

nism and consists of the (NET) and the dopamine transporter (DAT). In addition to 
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uptake-1, catecholamines are removed from the circulation by a second transport sys-

tem. This second transport system consists of sodium-chloride independent, corticoster-

one-sensitive, high-capacity extraneuronal monoamine transporters (EMT), originally 

discovered as a transport mechanism in rat heart and designated as uptake-2 mechanism 

by Iversen and coworkers.72 Molecular cloning has shown that uptake-1 and uptake-2 

belong to two different families of transporters. The pre-synaptic neuronal uptake-1 

transporters for norepinephrine and dopamine are both members of the solute carrier 

family of transporters (SLC6A2 and SLC6A3, respectively).73 Uptake-2 belongs to an-

other subgroup of the SLC transporters (SLC22) and can be placed in the family of or-

ganic cation transporters (OCT), which has several members (OCT1, OCT2 and 

OCT3 or SLC22A1, SLC22A2 and SLC22A, respectively).74 The classical uptake-2 or 

EMT is most likely to be represented by OCT3 and comes to expression in different 

organs (i.e. heart, liver, skeletal muscle, placenta, and kidney).75, 76 The OCTs are in-

volved in the absorption, distribution and elimination of endogenous compounds (i.e. 

amines) as well as of drugs, toxins and other xenobiotics).77, 78 Neuronal reuptake by up-

take-1 is quantitatively most important for the clearance of released cathecholamines, 

accounting for about 90% of their removal at the presynaptic nerve endings. Although 

OCT3 has been proposed to be the classical EMT, the three OCTs together are thought 

to be responsible for the extra-neuronal clearance of cathecholamines that have escaped 

from reuptake by uptake-1.77 In general, uptake-1 and uptake-2 mechanisms are 

thought to have similar functions between species. However, small differences in the 

relative expression of these mechanisms between species have been reported. Due to 

these differences in distribution (i.e. expression) of uptake mechanisms, results found in 

experimental animal studies may not exactly reflect the situation in humans. 

 

The sympathetic nervous system and heart failure 

The sympathetic nervous system is one of the neurohormonal compensation mecha-

nisms that plays a key role in the pathogenesis of CHF. Neurohormonal activation and 

a hyperadrenergic state cause desensitization and down regulation of cardiac β-

adrenoceptors and alterations in the postsynaptic signal transduction which further im-

pair myocardial performance.79, 80 In the failing heart not only postsynaptic changes are 
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observed but also pre-synaptic. An impaired cardiac uptake-1 mechanism has been ob-

served.81 Although the pathogenetic mechanisms for altered pre-synaptic innervation are 

not fully elucidated, it is likely that by these mechanisms the high concentration of cate-

cholamines in the synaptic cleft is maintained. These effects probably further sustain 

and exacerbate the remodeling process. 

From guanethidine to meta-iodobenzylguanidine (MIBG) 

Guanethidine 

In the 1960’s, guanethidine, a false neurotransmitter, was found to be a sympathetic 

selective and potent neuron blocking agent and was developed as an anti-hypertension 

drug.82 Guanethidine acts on the pre-synaptic sympathetic nerve ending by inhibiting or 

interfering with the release and/or distribution of norepinephrine, rather than acting on 

the post-synaptic (i.e. effector cell) by inhibiting the association of norepinephrine with 

its receptors. In contrast to ganglionic blocking agents, guanethidine suppresses equally 

the responses mediated by α- and β-adrenergic receptors, but does not produce parasym-

pathetic blockade. Side effects are related to its neuron blocking properties and include 

orthostatic and exercise hypotension, sexual dysfunction, diarrhea. Guanethidine is no 

longer available in the USA due to its side effects and because there are substantially bet-

ter drugs available. It is still licensed in some countries, e.g. United Kingdom, for the 

rapid control of blood pressure in a hypertensive emergency. 

 

MIBG 

The modification of guanethidine into meta-iodobenzylguanidine (MIBG) increased 

the affinity for the pre-synaptic sympathetic nerve endings.83-85 Figure 3 shows the mo-

lecular structures of guanethidine, norepinephrine and MIBG. The labeling of MIBG 

with radioactive iodine enabled scintigraphic visualization of the pre-synaptic sympa-

thetic nerve endings in humans. The first clinical application of the radio-labeled (131I) 

MIBG was the visualization of the adrenal medulla and different neural crest-derived 

tumors such as pheochromocytomas and neuroblastomas.86, 87 Radiolabelling with 131I 

also enabled radionuclide therapeutic options for these types of neoplasms. However, 
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this is not the focus of the current overview and is extensively and expertly reviewed by 

Hoefnagel.88 The striking myocardial uptake, however, made Wieland et al. suggest the 

potential use of the radio-labeled MIBG for myocardial imaging.86 However, due to the 

suboptimal imaging characteristics of 131I and a less favorable radiation burden, radio-

labeling of MIBG with 123I for diagnostic scintigraphic purposes was to be preferred. In 

1981 Kline et al. were one of the first to report on the use of myocardial scintigraphy 

with 123I-MIBG in five healthy subjects. They concluded that 123I-MIBG had the poten-

tial to provide (semi-) quantitative information on myocardial catecholamine content.89 

Much work has been done to elucidate the uptake mechanisms of MIBG in the 

pre-synaptic sympathetic nerve endings. MIBG localizes in adrenergic nerve terminals 

primarily via the uptake-1 mechanism (see uptake-1 and uptake-2). The affinity (Km: 

affinity constant) and capacity (Vm: capacity constant) of the uptake-1 mechanism for 

MIBG is similar to those for norepinephrine (Km of 1.22 ± 0.12 µM for MIBG and 

1.41 ± 0.12 µM for norepinephrine; Vm of 64.3 ± 3.3 pmol/106 cells/10 min for MIBG 

and 36.6 ± 7.2 pmol/106 cells/10 min for norepinephrine).90 Uptake-1 predominates at 

low concentrations of both catecholamines and MIBG, whereas uptake-2 predominates 

at higher concentrations.91 It is therefore to be expected that MIBG administered in 

Figure 3. Molecular structures of norepinephrine (A), 123I-meta-iodobenzylguanidine (MIBG) (B) 
and guanethidine (C). 
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tracer amounts will primarily reflect uptake-1. Blocking experiments, however, have 

shown that uptake-2 is responsible for up to 61% of cardiac MIBG uptake.84, 92-95 

For routine clinical studies, the production of 123I-MIBG involves isotopic ex-

change, and as such has a low specific activity (presence of a considerable amount of car-

rier in the final product).96 As uptake-2 predominates at higher concentrations of 

MIBG, scintigraphically determined semi-quantitative parameters will not improve by 

increasing the dose of 123I-MIBG using a low specific activity MIBG preparation. In-

creasing the dose of 123I-MIBG might even lead to saturation of the uptake-1 mecha-

nism. Reduction of the total amount of MIBG in combination with a higher specific 

activity (higher ratio radio-labeled / non-radio-labeled, i.e. no-carrier-added [nca] 

MIBG), however, may favor myocardial uptake of MIBG through uptake-1.97 Theoreti-

cally, nca MIBG may lead to a better contrast between specific and non-specific MIBG 

uptake as compared to ca MIBG. 

 
123I-MIBG myocardial scintigraphy 

In the past two decades, a large number of investigators have demonstrated decreased 

myocardial 123I-MIBG uptake in patients with CHF and have shown that those with the 

lowest uptake tend to have the poorest prognosis.98-106 There is no consensus, however, on 

the prognostic value of these semi-quantitative parameters of myocardial 123I-MIBG up-

take in patients with CHF. The lack of consensus is reflected in the absence of 123I-MIBG 

in any of the current guidelines regarding either heart failure or cardiac imaging.2, 3, 107-109 

There have also been findings suggesting that abnormalities of myocardial 123I-MIBG up-

take may be predictive of increased risk for ventricular arrhythmia and sudden cardiac 

death (SCD).110, 111 In patients with chronic CHF, ACE inhibitors,112 β-receptor antago-

nists,113, 114 and aldosterone antagonists103, 115 have shown to ameliorate functional capacity 

and prognosis. Using semi-quantitative analysis (i.e. early heart-to-mediastinum [H/M] 

ratio, late H/M and myocardial washout) these beneficial effects were associated with an 

increase in 123I-MIBG uptake and a reduced washout. 

However, there has been limited validation and standardization of the acquisi-

tion and quantitative analysis techniques used by various investigators, and most studies 

have involved small numbers of subjects and locally-defined reference standards and 
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measures of outcome. Thus, despite the large number of published studies on cardiac 
123I-MIBG imaging, these methodological and analytical limitations have made it diffi-

cult to precisely define the value of this technique for the evaluation and management of 

individual patients. Although the importance of the sympathetic nervous system to the 

functional status of patients with CHF is well recognized,2, 3 an adequate manner for the 

scintigraphic assessment of the sympathetic nervous activity of the heart, that can pro-

vide demonstrable clinical benefits, remains to be established. 

Outline of this thesis 

In this thesis several aspects of 123I-MIBG and CHF are discussed. There have been a 

large number of publications on cardiac 123I-MIBG imaging in CHF. However, applica-

tion of the findings to clinical patient management has been constrained because of rela-

tively small sample sizes and limited standardization of image acquisition and of quanti-

tative analysis techniques among studies. Several aspects that may lead to an improved 

standardization of 123I-MIBG myocardial scintigraphy (i.e. influence of collimator type, 

robustness of semi-quantitative analysis) are discussed in this thesis. 

Furthermore, the prognostic value of 123I-MIBG in CHF was re-evaluated. A 

systematic review was performed to critically assess existing evidence on the prognostic 

value of semi-quantitative parameters of myocardial 123I-MIBG uptake in patients with 

CHF. As there is no consistency in methodology for the assessment of semi-quantitative 

myocardial parameters, a retrospective multi-center study was performed to investigate 

the prognostic value of 123I-MIBG, using uniformly re-analyzed scintigrams. In addi-

tion, this study enabled an analysis of the impact of differences in acquisition parameters 

on the semi-quantitative parameters. 

No-carrier-added (nca) MIBG is primarily associated with specific uptake (i.e. 

uptake-1 mechanism). We evaluated the hypothesis that nca MIBG is less influenced by 

changes in extra-neuronal uptake (i.e. uptake-2 mechanism) compared to carrier added 

(ca) MIBG. In theory, nca MIBG may therefore lead to a better contrast between spe-

cific and non-specific MIBG uptake as compared to ca MIBG. In this thesis the results 

of experimental animal studies and the application of nca MIBG in human volunteers 

are presented and discussed.  
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Abstract 

Background 
123I presents imaging problems owing to high energy photon emission. We investigated 

the influence of collimators on 123I-MIBG studies heart/mediastinum ratios (H/M 

ratios). Secondly, we assessed the influence on H/M ratios of different activity 

concentrations, simulating clinical conditions. Thirdly, the value of scatter correction 

was assessed.  

 

Methods and Results 

The AGATE cardiac phantom was filled with 123I in three sequential conditions: A, 

heart and mediastinum activity; B, adding lung activity; C, adding liver activity 

(protocol I). In protocol II, myocardium and liver were filled with different activities 

ranging from low to high. For each condition, static anterior planar and SPECT studies 

were acquired on a Siemens e.cam (SI) and a General Electric Millenium VG (GE) 

system, using for protocol I low-energy high-resolution (LEHR) and medium energy 

(ME) collimators and for protocol II ME collimators only. For the SI camera a triple 

energy window scatter (TEW) correction was applied. Planar H/M ratios were 

influenced by scatter and septal penetration from increasing amounts of liver activity. 

These effects were less pronounced for ME collimators. Although the TEW scatter 

correction increased ratios overall, TEW did not improve the relative differences 

between the ratios. TEW correction therefore does not add any benefit to obtain an 

accurate reflection of myocardial activity concentrations. 

 

Conclusions 

For a straightforward implementation of semi-quantitative 123I-MIBG myocardial 

studies, we recommend the use of ME collimators without scatter correction. 
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Introduction 

Increased sympathetic neuronal activity, in patients with various cardiac diseases, has 

been related to disease severity and prognosis.1, 2 Cardiac sympathetic neuronal function 

and activity can noninvasively be assessed by use of 123-Iodine meta-iodobenzyl-

guanidine (123I-MIBG), an analogue of norepinephrine.3 In patients with chronic heart 

failure angiotensin-converting enzyme inhibitors,4, 5 β-receptor antagonists,6-9 and 

spironolactone10, 11 have shown to ameliorate functional capacity and prognosis. Using 

semi-quantitative analysis, these beneficial effects were associated with increased 123I-

MIBG uptake and reduced washout. Since semi-quantitative analysis of cardiac 123I-

MIBG uptake is characterized by a low interindividual and within-subject variability,12 

semi-quantitative cardiac 123I-MIBG scintigraphy has become a valuable tool for the 

noninvasive assessment of prognosis and the effect of therapeutic intervention. 

In addition to the prime emission of 159-keV photons, 123I emits high-energy 

photons of more than 400-keV (approximately 2.87%, main contributor 529 keV 

[1.28%]). These high-energy photons lead to penetration of the collimator septa and 

cause scatter detected in the 159-keV energy window. Regardless, low-energy (LE) 

collimators are frequently used for imaging 123I-MIBG.13 Septal penetration affects 

estimation of the heart/mediastinum (H/M) ratio in 123I-MIBG imaging with an LE 

collimator.14 Medium-energy (ME) collimators have been shown to improve 

quantitative accuracy in 123I studies at the expense of spatial resolution.13, 14 In patients 

with overt heart failure, semi-quantitative analysis of cardiac 123I-MIBG studies is 

complicated by the decrease/absence of cardiac uptake. In this clinical condition the 

semi-quantitative analysis may be influenced by scatter from other organs (i.e. liver). 

However, data on the influence of collimator choice in 123I studies on semi-quantitative 

cardiac analysis are limited.14 Especially data for single photon emission tomography 

(SPECT) is lacking regarding the influence of collimator choice on homogeneity of 

cardiac 123I-MIBG distribution under different clinical conditions. 

An approach to reduce/eliminate scatter is post-acquisition pixel by pixel scatter 

correction from images acquired in energy windows above and below the photopeak 

window.15 Data on the effect of this triple energy window (TEW) scatter correction 

method in 123I studies on semi-quantitative cardiac analysis are limited.14 
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To assess the influence of LE and ME collimators in 123I-MIBG studies on semi-

quantitative cardiac analysis, we first studied the influence of different collimators and 

gamma cameras on anterior planar H/M ratios using the AGATE cardiac phantom.16 

Secondly, we assessed the influence of different activity concentrations, simulating 

clinical conditions, on the homogeneity of cardiac MIBG distribution. In addition we 

assessed the effect of TEW scatter correction. 

Materials and Methods 

Gamma cameras and collimators 

A dual-head gamma camera system with a 3/8" sodium iodide crystal (e.cam, Siemens) 

(SI) and a dual-head gamma camera system with a 5/8" sodium iodide crystal 

(Millenium VG, General Electric Medical Systems) (GE) were used. Two types of 

collimators were tested: low energy high resolution (LEHR) and medium energy (ME) 

as provided by the gamma camera manufacturers (Table 1). All collimators had a 

hexagonal parallel-hole design. The Siemens collimators were manufactured from lead 

foil and the General Electric collimators were cast. 

 

AGATE cardiac phantom 

The Amsterdam 3D GATEd cardiac phantom (AGATE phantom) is a realistic 3-D 

electrocardiogram (ECG) gated cardiac phantom with known left ventricular volumes 

and ejection fractions. This AGATE phantom was designed and constructed as an insert 

in the Data Spectrum anthropomorphic torso phantom, and initially developed to 

evaluate quantitative measurements obtained from gated myocardial SPECT.16 

For this study, the AGATE phantom was configured with a fixed left ventricular 

myocardial volume of 80 ml, uniform myocardial wall activity and thickness, and a left 

ventricular cavity volume of 120 ml. Data acquisition was performed without applying 

ECG-gating. The compartmental volumes of the anthropomorphic torso phantom were 

10,300 ml for mediastinum (after insertion of the cardiac phantom insert), 330 and 360 

ml for right and left lungs, respectively (after filling with Styrofoam® beads), and 1,200 

ml for liver.  



123I-MIBG H/M ratio and influence of collimators 

31 

Collimator-
Camera 

Hole diameter 
(mm) 

Hole length 
(mm) 

Septal 
thickness 

(mm) 

Sensitivity 123I 
(cps/MBq) 

in 15% photopeak 
window* 

LEHR-GE 1.5 35 0.2 118.4 

LEHR-SI 1.11 24.05 0.16 154.3 

ME-GE 3.0 58 1.05 63.9 

ME-SI 2.94 40.64 1.14 100.6 

LEHR = low energy high resolution; ME = medium energy; GE = Millenium VG, General Electric; SI = 
e.cam, Siemens. * measured according to NEMA NU1-2001. 

Table 1. Specifications of different collimators according to the manufacturer and measured system 

sensitivities for 123I.  

Study protocol I: LEHR versus ME collimators (LEHR vs ME) 

The AGATE cardiac phantom myocardial compartment (heart) and anthropomorphic 

phantom compartments were filled with a solution of 123I in three sequential conditions: 

A, heart (25 kBq/mL; 2 MBq) and mediastinum (1 kBq/mL; 10 MBq) activity; B, 

adding lung activity (5 kBq/mL; 4 MBq); C, adding liver activity (33.3 kBq/mL; 40 

MBq). Static anterior planar and SPECT studies were acquired for each condition. 

Three planar and three SPECT data sets (A, B and C) were generated for each camera-

collimator combination (Table 2). 

 

Study protocol II: different clinical conditions 

To mimic different clinical conditions, the AGATE cardiac phantom was filled to 

produce six conditions, each with a constant concentration of 123I in the mediastinum 

and lungs, but with different combinations of heart and liver concentrations (Table 2B): 

D, low heart activity (12.5 kBq/ml; 1 MBq), mediastinum (1 kBq/ml; 10 MBq), lungs 

(5 kBq/ml; 4 MBq), and no liver activity; E, low heart activity and normal liver activity 

(33.3 kBq/ml; 40 MBq); F, normal heart activity (25 kBq/ml; 2 MBq) and normal liver 

activity; G, low heart activity and high liver activity (66.6 kBq/ml; 80 MBq); H, normal 

heart activity and high liver activity; I, high heart activity (100 kBq/ml; 4 MBq) and 
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Static anterior planar and SPECT studies were acquired for each condition using 

only the ME collimator. Six planar and SPECT data sets were thus generated for each 

camera-ME collimator combination (Table 2). The protocols I and II were performed 

on 2 separate days. At the end of each series of acquisitions for a particular filling 

condition, samples were taken and measured in a gamma-well counter, in order to verify 

the activity concentration in the different compartments. The measured activity 

concentration values corresponded to those expected. Condition F, which equals 

condition C of protocol I, was incorporated in order to check for reproducibility 

between the 2 experiments. 

  
Protocol I: LEHR vs ME 
  

Condition Organs 123I Activity (MBq) Collimator Camera 

A heart + mediastinum 2; 10 LEHR + ME GE + SI 

B A + lung 2; 10; 4 LEHR + ME GE + SI 

C B + liver 2; 10; 4; 40 LEHR + ME GE + SI 

  
Protocol II: Different clinical conditions 
  

Condition Organs 123I Activity (MBq) Collimator Camera 

D low heart + mediastinum + lung 1; 10; 4 ME GE + SI 

E low heart + mediastinum + lung 
+ normal liver 1; 10; 4; 40 ME GE + SI 

F normal heart + mediastinum + 
lung + normal liver 2; 10; 4; 40 ME GE + SI 

G low heart + mediastinum + lung 
+ high liver 1; 10; 4; 80 ME GE + SI 

H normal heart + mediastinum + 
lung + high liver 2; 10; 4; 80 ME GE + SI 

I high heart + mediastinum + lung 
+ high liver 4; 10; 4; 80 ME GE + SI 

LEHR = low energy high resolution; ME = medium energy; GE = Millenium VG, General Electric; SI = 
e.cam, Siemens. 

Table 2. Study design showing the different phantom filling conditions and collimator camera imaging 

combinations.  
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Acquisition parameters 

For both SI and GE cameras, 123I was imaged with a 15% energy window set 

symmetrically over the 159 keV photopeak. For SI only, images were acquired with 

triple energy windows (TEW), in order to study the influence of scatter correction on 

H/M ratios. This option was available only on the SI camera. The prime photopeak 

energy window of 15% window width was centred on the 159 keV photopeak and a 

contiguous scatter window of 7% of the 159 keV photopeak was set below and above 

the prime window. 

In order to normalize for differences in pixel size, data acquisitions were zoomed 

with a factor of 1.34 and 1.45 for the GE and SI, respectively. The static anterior planar 

images were acquired for 5 min in a 128 x 128 matrix with a pixel size of 3.3 mm. 

SPECT acquisitions were performed with the 15% prime photopeak energy window 

only, over 360°, step and shoot, 30 projections per head each rotating 180°, 45 sec per 

projection, 64 x 64 matrix, with a pixel size of 6.6 mm, and the auto-contour facility of 

the cameras. No attenuation correction was applied. 

 

Image analysis 

Analysis was performed on the Hermes workstation (HERMES Medical Solutions). SI 

planar images of conditions C, D, E, G, H and I were corrected on a pixel basis using 

the TEW method as described by Ichihara et al.15 Scatter counts in each pixel were 

calculated using the following formula:  

Cscat = (Clow + Chigh) x (15/14) 

where Cscat = scattered counts in the prime photopeak image, Clow  = counts in the lower 

energy window, and Chigh = counts in the high energy window. The ratio 15/14 

represents the ratio of the prime photopeak window width and summed width of the 

scatter windows. Scatter corrected pixel counts were calculated using the following 

formula: 

Ccorr = Cprime - Cscat 

where Ccorr = scatter corrected counts in the prime photopeak image, Cprime = original 

counts in the prime photopeak image. 
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Figure 1. ROI definition and difference in image quality. ROI definition on planar image (A) with 1, 
mediastinum; 2, whole heart; and 3, anterior myocardial wall. ROI definition on SPECT short axis slice 
(B) with whole myocardium and segmental anterior, inferior and septal ROIs. Difference in image 
quality between ME (C) and LEHR (D). 

Planar acquisitions were aligned in X and Y to one reference image. Planar 

ROIs for the whole heart, anterior myocardial segment, and mediastinum were drawn 

once and applied to all planar images (Figure 1A). The whole heart ROI encompasses 

the whole left ventricle,  that is both myocardium and cavity. The myocardium ROI is 

the region of interest representing the lateral left ventricular wall. 

SPECT studies were pre-smoothed with a Wiener filter (used clinically), 

reconstructed with filtered back-projection, and reoriented to generate short axis 

slices. Short axis slices were 3D reoriented to one reference condition. Three successive 

mid-ventricular short axis slices were added and ROIs drawn for the whole 

myocardium (whole heart), anterior, inferior and septal myocardial segments. All 

ROIs were applied to equivalent slices in different SPECT studies (Figure 1B). 

For all imaging conditions and acquisitions, H/M ratios for whole heart and 

regional segments were obtained from ROI counts/pixel, which were corrected for 

A B

C D

1 2

3
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physical decay of 123I so that count densities could be directly compared. H/M ratios 

were calculated for both uncorrected and scatter corrected conditions for SI only. For 

comparison of LEHR and ME collimators the H/M ratios were normalized to 

condition filling condition A, and expressed as percentages. For comparison of count 

densities within anterior, inferior and septal segments in the SPECT studies, the 

average count density in each ROI segment was compared with the average count 

density of the total myocardium ROI. Assuming that the count density within the 

total myocardium of the AGATE cardiac phantom should be uniform, the percentage 

difference between segmental count density and average total myocardium count den-

sity was calculated. 

Results 

Protocol I: LEHR vs ME 

Visually there was a clear difference in image quality between LEHR and ME 

collimators, as illustrated in Figure 1 (C and D). The planar data were first analysed 

without scatter correction. Planar H/M ratios were higher for ME than for LEHR 

collimators for both cameras (Table 3). 

Condition ROI LEHR-SI LEHR-GE   ME-SI ME-GE 

A whole heart 2.01 2.06   2.63 2.64 

  myocardium 2.18 2.25   2.98 2.78 

B whole heart 1.87 2.07   2.65 2.77 

  myocardium 2.04 2.25   3.11 3.08 

C whole heart 1.66 1.63   2.45 2.44 

  myocardium 1.66 1.65   2.71 2.60 

Condition A, 123I activity only in heart and mediastinum; B, activity added to lungs; C,  activity added 
to liver (Table 2). ROIs are shown in Figure 1A. LEHR-SI = LEHR collimator with e.cam; LEHR-GE = 
LEHR collimator with Millenium VG; ME-SI = ME collimator with e.cam; ME-GE = ME collimator with 
Millenium VG. 

Table 3. Planar H/M ratios obtained from Protocol I: LEHR vs ME. 
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Figure 2. LEHR vs ME: Influence of septal penetration on planar count density distribution. 
Data are normalized to condition A, and expressed as percentages. Count densities were corrected 
for decay. See Figure 1 for definition of ROIs. Condition A: heart and mediastinum filled with 123I; B: 
condition A + lung activity; C: B + liver activity. LEHR = low energy high resolution; ME = medium 
energy; GE = Millenium VG General Electric; SI = e.cam Siemens.  
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The ratios for the lateral segment of the myocardium were higher than ratios for 

the whole heart. Each collimator-camera combination showed comparable A and B 

ratios, but for C these ratios decreased by approximately 10% for ME and 20% for 

LEHR collimators, irrespective of camera. The latter can be explained by a more 

pronounced increase in count density for LEHR mediastinum ROI than for whole heart 

and myocardial ROIs (Figure 2). The count densities increased less for the ME ROIs. 

As seen in Figure 3, the SPECT derived regional heart count densities remained 

similar whereas the mediastinal count densities increased considerably for condition C, 

and more so for the LEHR collimators. The measured total myocardial count densities 

increased from filling condition A to C (data not shown). Figure 4 shows that the count 

density within the myocardium was inhomogeneous. There was an overestimation of 

the measured count density in both the anterior and septal walls and an 

underestimation of count density in the inferior wall. The underestimation (20%) in 

the inferior wall decreased (10%) after adding liver activity (Figure 4C). 

 

Figure 3. LEHR vs ME: Influence of septal penetration on SPECT count density distribution.  
Data were normalized to condition A and expressed as percentages. Count densities  were corrected 
for decay. See Figure 1 for definition of the myocardium ROI. Condition A: heart and mediastinum 
filled with 123I; B: condition A + lung activity; C: B + liver activity. LEHR = low energy high resolution; 
ME = medium energy; GE = Millenium VG General Electric; SI = e.cam Siemens. 
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Figure 4. LEHR vs ME: Measured planar count densities compared to expected average count 
densities for different filling conditions.  
The total measured myocardial counts were divided by the volume of the myocardial ROIs (anterior 
wall, septal wall and inferior wall) to give expected average count densities. The actual measured 
count densities were expressed as the percentage differences from expected count densities. 
Figures 4A, 4B and 4C represent filling condition A, B, and C respectively. Condition A: heart and 
mediastinum filled with 123I; B: condition A + lung activity; C: B + liver activity. LEHR = low energy 
high resolution; ME = medium energy; GE = Millenium VG General Electric; SI = e.cam Siemens. 
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Figure 5. Influence of different filling conditions on planar H/M ratios. 
Figure 5A shows the influence of increasing liver activity on H/M ratios. Figure 5B shows the 
influence of increasing myocardial activity on H/M ratios. Figure 5C shows the influence of 
increasing myocardial activity on myocardial count densities. 
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Different phantom filling conditions 

As the ME collimator generated data were less influenced by penetration of the 

collimator septa, the series of experiments to investigate H/M ratios in different filling 

conditions of the phantom were performed using the ME collimators only.Condition F 

showed the same order of count statistics compared to condition C resulting in similar 

H/M ratios (ME SI: 2.45 vs 2.45; ME GE 2.44 vs 2.39; for condition C and F, 

respectively). 

There was an unmistakable influence on the planar H/M ratios from increasing 

liver activity. Increasing the liver activity with unchanged low myocardial activity led to 

a decrease in H/M ratios (Figure 5A) explained by progressively increasing mediastinal 

count densities (data not shown). Increasing myocardial activity with unchanged high 

liver activity caused H/M ratios initially to increase less than one would expect on the 

basis of increased myocardial activity (Figure 5B). This is related to a non-proportional 

Table 4. Effect of TEW scatter correction on planar H/M ratios from protocol II. 

Condition ROI ME-SI ME-SI-TEW 

D (H1) whole heart 1.83 1.95 

  myocardium 2.06 2.32 

E (H1/L40) whole heart 1.76 2.09 

  myocardium 1.92 2.46 

G (H1/L80) whole heart 1.57 2.14 

  myocardium 1.62 1.97 

H (H2/L80) whole heart 1.89 2.59 

  myocardium 1.86 3.05 

I (H4/L80) whole heart 3.76 6.13 

  myocardium 4.31 7.42 

See Table 1 for the filling conditions of the cardiac phantom and Figure 1 for the myocardium ROI 
definition. ME = medium energy; GE = Millenium VG General Electric; SI = e.cam Siemens; ROI = 
region of interest. 
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increase in myocardial count density with respect to the increase in myocardial activity 

(Figure 5C). 

 

Effect of TEW scatter correction on planar H/M 

In general TEW scatter correction increased planar derived H/M ratios for the different 

ME collimated clinical conditions (Table 4). Only in condition C (H2/L40) was TEW 

scatter correction applied to both LEHR and ME collimated data. For LEHR acquired 

data, the TEW scatter correction showed an increased H/M ratio (for the whole 

myocardium from 1.66 without TEW to 2.34 with TEW) that was similar to the ME 

H/M ratio without TEW scatter correction (2.45). TEW further increased the ME H/M 

ratios for condition C (for whole myocardium from 2.45 without TEW to 3.40 with TEW). 

Figure 6 shows that the improvement of H/M ratios can be explained by a more 

pronounced reduction in mediastinal count density compared to myocardial count 

density. 

Discussion 

LEHR vs ME 

The present study shows a clear influence of collimator choice on 123I-MIBG H/M 

ratios irrespective of camera type, collimator specifications and acquisition technique. 
123I MIBG image quality and H/M ratios from ME collimators were superior to those 

from LEHR collimators. Planar H/M ratios were mainly influenced by variations in 

mediastinal count densities, which were less pronounced for the ME collimators. The 

variation in the SPECT regional heart count densities suggests that, for condition A and 

B, the underestimation of the count density in the inferior wall is probably related to 

attenuation. Scatter from liver activity, as simulated in condition C, however reduced 

this underestimation (Figure 4). This effect is related to a reduction of septal 

penetration of high energy photons of 123I. These results are in line with previously 

published studies.13, 14 The influence of 123I high-energy photons on septal penetration 

in LEHR collimation is distance dependent.13 The high energy photons from 123I pass 
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Figure 6. Influence of TEW scatter correction on count densities for the different filling condition of 
the AGATE cardiac phantom. 
Figure 6A shows the influence of TEW scatter correction on whole heart count densities. Figure 6B 
shows the influence of TEW scatter correction on regional myocardial count densities. Figure 6C 
shows the influence of TEW scatter correction on mediastinal count densities. Data are expressed as 
percentage difference compared to count densities without TEW scatter correction. See Table 2 for 
the different filling conditions (D, E, G, H, I) of the cardiac phantom and Figure 1 for the definition 
of ROIs.  
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through the LEHR collimator septa and reach the detector crystal as if there was no 

collimator present, so that the number of high energy photons reaching the crystal is 

approximately inversely related to the square of the distance. Changing the source 

distance, however, has only a minimal effect on the collimated 159-keV photons 

reaching the crystal. Therefore, in order to minimize the effects of septal penetration the 

ME collimator is preferred. However, the use of ME collimation provides relatively low 

spatial resolution which may hamper accurate estimation of activity in small regions 

through a partial volume effect. In brain SPECT imaging with 123I labelled agents, 

collimation with LEHR is preferred, because high spatial resolution is required, the head 

and brain tissue lead to a more or less homogeneous scatter, and the regions are mostly 

equidistant from the gamma camera. In cardiac scintigraphy with 123I labelled agents, 

however, H/M ratios are assessed from counts in relatively large regions, the thorax and 

abdomen lead to an inhomogeneous scatter, and the myocardium is not equidistant 

from the gamma-camera, especially for SPECT imaging. In cardiac scintigraphy with 
123I labelled agents the trade-off between spatial resolution and septal penetration is 

therefore in favour of low septal penetration. Moreover, as shown by Inoue et al. in a 

checker phantom, the use of ME collimation in cardiac scintigraphy with 123I showed 

contrast accuracy similar to 99mTc.14 We would therefore advocate the use of ME 

collimation in cardiac scintigraphy with 123I. 

In the present phantom study, the two different camera systems with ME 

collimators produced similar semi-quantitative planar H/M ratios, despite different 

camera specifications, collimator design and different count efficiencies (Table 1). There 

is variability in reported 123I MIBG H/M ratios among institutions and between 

cameras used.17 Standardization of acquisition and processing is a prerequisite for 

extrapolation and implementation of published data. In light of limiting this variability 

in scintigraphic results the use of ME collimators apparently plays a pivotal role. 

Therefore, in order to minimize variability, for comparison of H/M ratios, the use of 

ME collimation in combination with planar acquisition is essential in cardiac 123I MIBG 

scintigraphy.  
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Different phantom filling conditions 

In the present phantom study the data showed that 123I-MIBG H/M ratios were 

influenced by scatter and septum penetration from increasing amounts of liver activity. 

Increasing liver activity with unchanged low myocardial activity led to decreasing H/M 

ratios explained by progressively increasing mediastinal count densities. This low 

myocardial activity with varying amounts of liver activity especially mimics the 

frequently observed clinical condition in patients with overt heart failure. In general, 

variations in liver activity and subsequent influence on scatter in the mediastinum are 

not taken into account in the interpretation of 123I-MIBG H/M ratios.  

 

TEW 

Various methods of scatter correction have been described to improve image quality and 

quantitative accuracy.18 The TEW scatter correction method estimates the scatter 

component in the prime photopeak from counts in a window just below and above the 

prime photopeak window.15 The scatter correction is made on a pixel by pixel basis, 

therefore a requirement for the scatter correction images is good flood field uniformity 

in the scatter energy windows. In this phantom study, TEW scatter correction increased 

planar LEHR assessed H/M ratios to levels similar to ME determined H/M ratios, 

although this was assessed in only one clinical condition (C). One objective of scatter 

correction is to improve accuracy of H/M ratios for different clinical conditions. 

Although TEW scatter correction increased all planar ME collimated H/M ratios, TEW 

scatter correction did not improve the contrast between the ME collimated H/M ratios 

for the different heart activities. 

In a clinical setting of heart failure, myocardial count densities are generally low. 

TEW scatter correction, however, reduces the already low count density which increases 

the uncertainty in ratio determination. Moreover, the TEW scatter correction induced 

reduction in count density hampers the identification of endo- and epicardium and will 

therefore influence the definition of the myocardial regions of interest. This decreases 

reproducibility of ratios. In addition, TEW scatter correction introduces noise, again 

increasing the uncertainty of generated ratios. 
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In cardiac SPECT of 123I labelled agents TEW has been reported to improve 

semi-quantitative accuracy.19, 20 Although, TEW resulted in an overall improved semi-

quantitative accuracy, different degrees of over and underestimation were reported. The 

lack of correction for depth response, complicated geometry and differences in tissue 

densities of the chest make it difficult to obtain accurate scatter correction. These 

difficulties can result in over or underestimation of count densities, especially for 

SPECT. We therefore decided not to perform TEW scatter correction in the cardiac 

phantom SPECT data. 

In addition to theoretical limitations, the TEW method has a limited availability 

in various gamma camera systems because TEW requires special hardware and software. 

Rather than try to filter unwanted counts by a post acquisition scatter correction 

method, it is preferable to acquire data directly with less scatter. ME collimation 

without scatter correction is straightforward to implement and is therefore preferred in 

cardiac 123I scintigraphy. 

 

Conclusions 

Collimation had a definite effect on H/M ratios in favour of ME collimators irrespective 

of camera, collimator specification, and acquisition technique. Planar H/M ratios from 

ME collimated acquisitions were influenced by scatter from increasing amounts of liver 

activity. TEW scatter correction did not improve the differentiation of myocardial 

activity concentrations in the phantom. Therefore, for a simple and generally applicable 

method, the overall advice for semi-quantitative cardiac 123I-MIBG is to use ME 

collimators and no scatter correction. 
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Abstract 

Background 

Although several myocardial 123I-meta-iodobenzylguanidine (MIBG) indices are 

increasingly used to detect alterations in myocardial sympathetic activity in various 

forms of cardiac pathology, published measurements of normal values and within-

subject variability are lacking. 

 

Methods and Results 

Twenty-five healthy volunteers underwent planar and Single Photon Emission 

Computed Tomography (SPECT) imaging. Heart-mediastinum ratio (H/M) and 

myocardial washout were calculated from planar images comparing three different 

methods for the assessment of myocardial activity: (1) global region over the 

myocardium (cavity included), (2) global region over the myocardium (cavity excluded), 

(3) fixed small myocardial region. Segmental (relative) uptake and washout were 

assessed by SPECT. For all MIBG indices the inter-individual variation was the lowest 

for methods 1 and 2. In SPECT this variation was low for relative segmental uptake 

compared to washout. 

In 9 subjects a second MIBG scintigraphy was performed after 3 months. The 

within-subject variability of H/M and washout assessed by planar methods 1 and 2 was 

5% whereas it was approximately 9% for planar method 3. For relative segmental 

uptake from SPECT this variability was 5%. 

 

Conclusion 

MIBG H/M (planar) and relative segmental uptake (SPECT) show a low inter-

individual and within-subject variability. This enables the detection of small (regional) 

variations in myocardial sympathetic nervous function, especially to monitor the effect 

of therapeutic interventions in patients with various cardiac diseases.  
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Introduction 

In patients with various cardiac disease increased sympathetic neuronal activity has been 

related to disease severity and prognosis.1, 2 Cardiac sympathetic neuronal function and 

activity can noninvasively be assessed by use of 123I-radiolabeled meta-

iodobenzylguanidine (MIBG), an analogue of noradrenaline. As reduced cardiac 123I-

MIBG uptake has been related to prognosis, this radiotracer can be used to evaluate the 

effect of therapeutic interventions on cardiac sympathetic activity. Angiontensin 

converting enzyme inhibitors,3, 4 beta-receptor antagonists5-8 and spironolactone,9, 10 

which have been shown to ameliorate functional capacity and prognosis in patients with 

chronic heart failure, have been shown to increase cardiac 123I-MIBG uptake and reduce 

its washout in these patients indicating favourable effects on the sympathetic nervous 

system. Therefore, cardiac 123I-MIBG imaging has become a widely used, valuable non-

invasive tool for the assessment of prognosis and therapeutic effects in various forms of 

cardiac pathology. 

A drawback of the majority of these previous studies is their non-randomised 

and open label design, because of the small number of patients studied and the necessity 

for close clinical monitoring during dose titration of study medication. As patients often 

serve as their own reference in these studies, normal values and the physiological 

variation of 123I-MIBG indices within the same patient over time have to be assessed. 

Especially, this within-subject variability needs to be evaluated to interpret the 

significance of the detected alterations in 123I-MIBG uptake and washout from 

therapeutic interventions. 

To assess normal values and the within-subject variability of commonly used 
123I-MIBG indices we performed cardiac 123I-MIBG scintigraphy in a relatively large 

group of healthy subjects. 

Methods  

Study population 

Healthy volunteers without a history of cardiac disease and with less than 5% likelihood 

for coronary artery disease, with age and known risk factors taken into account, were 
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included in the study. Subjects were not taking any medication. To assess within-subject 

variability, patients were studied twice at a time interval of 3 months. The characteristics 

of the subjects included in the study are shown in Table 1. The Medical Ethics 

Committee of our institution approved the study. Written informed consent was 

obtained from all subjects enrolled in the study. 

 

Acquisition protocol 

Thyroid uptake was blocked by use of 200 mg potassium iodide 1 hour before injection 

of 148 MBq 123I-MIBG (radiochemical purity: ≥  97%, specific activity: 148 MBq 123I/mg 

MIBG, Mallinckrodt Schweiz AG, Zürich, Switzerland). MIBG scintigraphy was 

performed using a dual head camera (ADAC Epicardio, Milpitas CA, USA) equipped 

with a VXHR collimator. At 15 minutes (early) and 240 minutes (late) after injection of 

the radiopharmaceutical, planar images of the thorax were obtained during a 10-minute 

period in both left anterior oblique (LAO) and anterior projections. Subsequently, 

tomographic images were obtained with the use of 32 frames over 180 degrees (90° per 

camera head), for 60 seconds per frame at 35 minutes (early) and 260 minutes (late) 

after tracer injection. A 20% energy window was centered on the 159 keV photopeak of 123I. 

 Single Study 
(n=25) 

Repeated Study 
(n=9) 

Age (years) 30.5±8.5 (23-56) 29.6±10.5 (24-56) 

Male/female 13/12 4/5 

Weight (kg) 63.4±9.6 0(48-85) 61.9±9.9 (49-80) 

Length (cm) 171.6±7.9 (159-190) 170±6.7 (159-178) 

BPs (mmHg) 124±8.7 (105-140) 123±10.9 (110-140) 

BPd (mmHg) 79±6.7 (70-90) 79.4±5.3 (70-90) 

HR (bpm) 65±11 (45-90) 70±12 (61-90) 

Data are presented as mean±SD (range). BPs = systolic blood pressure; BPd = diastolic blood 
pressure; HR = heart rate; bpm = beats per minute. 

Table 1. Clinical characteristics of healthy volunteers (n= 25).  
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Data collection was performed using 128x128 matrix and a zoom factor of 1.46. The 

studies were reconstructed with the PEGASYS software package (ADAC Laboratories, 

Milpitas CA, USA) and 5th order Pega Butterworth pre-reconstruction filter. Images 

were zoomed to 250 %. No correction for attenuation was applied because, at the time 

of acquisition, no validated algorithm was available for 123I. Moreover, the majority of 

previous studies did not use this correction, which allows for better comparison with 

data from the present study. Slice thickness was one pixel (0.64 cm).  

 

Image analysis 

Planar images  

Cardiac MIBG uptake was determined by three clinically used methods (Figure 1). For 

method 1 a region of interest (ROI) was drawn over the myocardium, including the left 

ventricular cavity.1, 11, 12 For method 2 a ROI was drawn over the myocardium excluding 

the left ventricular cavity. For method 3, peak count densities for the myocardium and 

upper mediastinum were determined.3, 13 For methods 1 and 2, ROIs were set over the 

upper mediastinum (in anterior projection using a fixed area of 40 pixels) and manually 

drawn for the heart (both for anterior and LAO projection). The mean count density 

(for method 1 and 2) and the peak count densities (for method 3) were calculated and 

corrected for injected dose and body weight. 123I-MIBG uptake was expressed as the 

 Figure 1. Schematic view of ROIs (shaded areas) drawn on planar images according to three clini-
cally used quantification methods: a ROI drawn for the myocardium, including the left ventricular cav-
ity (method 1), a ROI drawn for the myocardium excluding the left ventricular cavity (method 2), and 
peak count densities for the myocardium and the upper mediastinum (method 3). H = heart, C= cav-
ity. For methods 1 and 2, a ROI of 40 pixels was placed in the mediastinum as a reference.  

Method 1 Method 2 Method 3

CH

M



Chapter 3 

54 

count density ratio between the heart and the upper mediastinum (H/M). The myocar-

dial 123I-MIBG (decay corrected) washout was calculated by use of the count densities 

(CD) according to the following algorithm:  

 

Cardiac 123I-MIBG washout = ([CD heart-early - CD heart-late] / CD heart-early) * 100% 

 

SPECT images 

From tomographic images, cardiac short axis slices were reconstructed from basis to 

apex for bull's eye reconstruction. Three myocardial segments were manually drawn 

(Figure 2) and segmental volumes were reconstructed. Segmental count density and 

(decay corrected) washout were calculated and expressed as a percentage of total 

myocardial count density in tomographic images.   

 

Statistical analysis 

All values are expressed as mean ± SD. Correlations were expressed as Pearson 

correlation coefficients (r). The within-subject variability was assessed using the 

coefficient of variation (CV). The within-subjects CV of repeated measurements was 

calculated as follows (x and y represent two observations; at baseline and after 3 months):14 

 

s = (x - y)2 / 2  m = ([x + y] / 2)2 

CV = Square root of the (mean s / mean m) 

AS 

I 

AL 

Figure 2. Segmental analysis of 123I-MIBG uptake on SPECT images with a polar map. 
AS = antero-septal, AL = antero-lateral, I = inferior. 
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For each CV the 95% confidence interval (CI) was calculated. Univariate analysis and 

forward stepwise regression analysis were performed for the identification of explanatory 

independent variables of the various MIBG indices. Independent variables tested were 

weight, age, length, heart rate and both systolic and diastolic blood pressure at time of 

acquisition. A p-value < 0.05 was considered to represent statistical significance. For all 

statistical analysis, StatView 4.57 (Abacus Concepts Inc., Berkeley, CA, USA) was used. 

  
  

  Early late 

PRO mean CD 
(MBq-1) 

mean CD 
(MBq-1.kg-1) 

mean CD 
(MBq-1) 

mean CD 
(MBq-1.kg-1) 

H A 1.48±0.29 0.024±0.007 0.93±0.22 0.015±0.005 

M A 0.77±0.12 0.012±0.003 0.47±0.10 0.007±0.002 

H LAO 1.33±0.28 0.021±0.006 0.83±0.18 0.014±0.004 

H/M A 1.89±0.14 1.93±0.16 

H/M LAO 1.71±0.19 1.78±0.21 

Washout (%) A 37.0±5.5 (23.0±6.4)* 

Washout (%) LAO 35.4±5.2 (21.0±6.0)* 

CD = count density, H = heart, M = mediastinum, PRO = projection used to obtain myocardial region 

of interest, A = anterior, LAO = left anterior oblique, * = decay corrected values. 

Table 2. Method 1: 123I-MIBG count densities (corrected for dose and body weight), H/M and 

cardiac washout for various projections in planar imaging (n=25).  
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Results 

Twenty-five healthy volunteers were included in the study and underwent cardiac 123I-

MIBG scintigraphy. Nine subjects were studied twice, with a time interval of 3 months, 

to evaluate within-subject variability. All studies could be reconstructed and analysed. 

 

Normal values of 123I-MIBG indices  

Planar images  

For all planar methods used, the inter-individual variation as expressed by the SD, was 

relatively high for cardiac uptake whereas for mediastinum uptake, H/M and cardiac 

washout this variation appeared to be lower (Tables 2, 3 and 4). For myocardial uptake, 

H/M and washout, the inter-individual variation was lower for method 1 compared to 

method 2 and 3. The lowest H/M was found for method 1 whereas the highest H/M 

was found for method 3. However, when the three methods were compared, a higher 

H/M was associated with larger inter-individual variation. Inter-individual variation for 

  
  

  Early Late 

PRO mean CD 
(MBq-1) 

mean CD 
(MBq-1.kg-1) 

mean CD 
(MBq-1) 

mean CD 
(MBq-1.kg-1) 

H A 1.55±0.31 0.025±0.007 0.99±0.24 0.016±0.005 

M A 0.77±0.12 0.012±0.003 0.47±0.10 0.007±0.002 

H LAO 1.40±0.27 0.023±0.007 0.93±0.22 0.015±0.005 

H/M A 2.02±0.20 2.10±0.24 

H/M LAO 1.83±0.19 1.98±0.25 

Washout (%) A 36.0±6.0 (23.7±6.9)* 

Washout (%) LAO 33.0±9.0 (20.1±11.3)* 

CD = count density, H = heart, M = mediastinum, PRO = projection used to obtain myocardial region 

of interest, A = anterior, LAO = left anterior oblique, * = decay corrected values. 

Table 3. Method 2: 123I-MIBG count densities (corrected for dose and body weight), H/M and 

cardiac washout for various projections in planar imaging (n=25).  
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H/M in anterior projection was slightly less than in LAO projection. There was a trend 

toward a higher H/M in anterior compared to LAO projection without reaching the 

level of significance. No gender differences were found for any MIBG index. 

 

SPECT images  

For single photon emission tomography (SPECT) acquisitions, a large inter-individual 

variation was found for total myocardial- and segmental uptake (expressed as count 

density) and washout (Table 5). However, when segmental uptake in tomographic 

images was expressed as percent of maximum myocardial uptake, this variation was 

reduced. In early and late images, percent 123I-MIBG uptake in the inferior segment was 

significantly lower than in the lateral segments (p<0.0001). No gender differences were 

found for any MIBG index. 

  
  

  Early Late 

PRO mean CD 
(MBq-1) 

mean CD 
(MBq-1.kg-1) 

mean CD 
(MBq-1) 

mean CD 
(MBq-1.kg-1) 

H A 2.01±0.43 0.034±0.010 1.30±0.30 0.021±0.007 

M A 0.91±0.15 0.014±0.004 0.58±0.10 0.009±0.002 

H LAO 1.92±0.50 0.023±0.007 1.33±0.33 0.015±0.005 

H/M A 2.15±0.30 2.16±0.17 

H/M LAO 2.13±0.50 2.30±0.25 

Washout (%) A 35.0±7.0 (22.3±8.12)* 

Washout (%) LAO 30.0±9.0 (16.5±10.5)* 

CD = count density, H = heart, M = mediastinum, PRO = projection used to obtain myocardial region 

of interest, A = anterior, LAO = left anterior oblique, * = decay corrected values. 

Table 4. Method 3: 123I-MIBG count densities (corrected for dose and body-weight), H/M and 

cardiac washout for various projections in planar imaging (n=25).  
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Univariate analysis 

Univariate analysis demonstrated no significant correlation between any independent 

variable and any planar derived MIBG indices. Weight and length were the only 

independent explanatory variables for the SPECT derived myocardial MIBG count 

densities in early (r=-0.49, p=0.01, r=-0.43, p=0.03, respectively) and late (r=-0.43, 

p=0.03, r=-0.43, p=0.04, respectively) images. Cardiac washout was not correlated with 

any independent variable. The weight corrected count densities for each method are 

shown in Tables 2 and 3 and 4. 

 

Forward stepwise regression analysis 

 Only weight entered the model as a significant determinant of early cardiac 123I-MIBG 

uptake (but not late uptake or washout). 

 

  
Early Late 

mean CD 
(MBq-1) 

mean CD 
(MBq-1.kg-1) 

% of max 
uptake 

mean CD 
(MBq-1) 

mean CD 
(MBq-1.kg-1) 

% of max 
uptake 

Heart 1.01±0.32 0.016±0.007 - 0.74±0.24 0.012±0.005 - 

Septum 0.96±0.31 0.016±0.006 0.98±0.06 0.72±0.23 0.012±0.005 0.95±0.05# 

Lateral 1.11±0.34 0.018±0.007 1.07±0.05 0.79±0.26 0.013±0.005 1.10±0.05 

Inferior 0.97±0.33 0.016±0.007 0.95±0.07# 0.70±0.23 0.011±0.005 0.95±0.07# 

  

  Washout (%) Decay corrected washout (%) 

Heart 27.0±7.4 11.4±8.9 

Septum 24.4±8.0 8.2±9.7 

Lateral 28.8±8.4 13.6±10.2 

Inferior 27.3±8.2 11.8±9.9 

# p<0.0001 compared with percent uptake in lateral segments. 

Table 5. Segmental 123I-MIBG uptake and washout in tomographic scintigraphy (n=25).  
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Within-subject variability 

The clinical characteristics of 9 individuals who were studied twice did not differ from 

the overall normal population (Table 1). During the follow-up of 3 months no changes 

in clinical characteristics were observed. All planar and tomographic data are shown in 

Table 6 and 7, respectively. On planar images, H/M and cardiac washout were 

characterised by low within-subject variability, especially for methods 1 and 2 by use of 

the anterior projection. Method 3 was inferior with respect to within-subject variability 

compared with the other methods, as the CV was the highest for all indices. Between 

methods 1 and 2, the within-subject variability did not differ for any indices in anterior 

projection whereas the within-subject variability was slightly higher LAO projection 

with method 2. Figure 3 illustrates the relationship between the initial measurements 

and the follow-up measurements for the three different methods. 

  METHOD 1 METHOD 2 METHOD 3 

  PRO CV 95% CI CV 95% CI CV 95% CI 

H/M (early) A 0.05 0.03-0.07 0.05 0.03-0.07 0.09 0.04-0.13 

H/M (late) A 0.04 0.02-0.05 0.04 0.02-0.06 0.06 0.02-0.08 

Washout A 0.05 0.02-0.07 0.06 0.02-0.09 0.11 0.05-0.15 

Washout * A 0.09 0.00-0.15 0.12 0.03-0.17 0.21 0.13-0.27 

H/M (early) LAO 0.06 0.04-0.08 0.08 0.05-0.10 0.14 0.00-0.21 

H/M (late) LAO 0.07 0.02-0.10 0.07 0.00-0.10 0.09 0.02-0.13 

Washout LAO 0.05 0.03-0.08 0.08 0.00-0.13 0.19 0.12-0.26 

Decay corrected 
washout LAO 0.11 0.00-0.17 0.16 0.00-0.25 0.82 0.00-1.25 

PRO = projection used to obtain myocardial ROI; A = anterior, LAO = left anterior oblique; CV = 

coefficient of variation; 95% CI = 95% confidence interval of CV. 

Table 6. Within-subject variability (3 months interval) of 123I-MIBG parameters in planar 

scintigraphy  for each method (n=9).  
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Figure 3. Within-subject variability for each planar method with respect to H/M ratio and myocardial 
washout at baseline (observation 1) and after 3 months (observation 2).  
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On tomographic images, a large within-subject variability was shown for 

segmental count densities and washout (CV ranging from 0.11 to 0.14). However, 

segmental uptake expressed as a percentage of total myocardial uptake showed a very 

low within-subject variability (Table 7). 

Discussion 

In the present study, we showed the values of 123I-MIBG indices and the within-subject 

variability in the largest group of normal individuals ever reported in literature. The 123I-

MIBG parameters commonly used in clinical studies, such as H/M and cardiac 

washout, assessed in planar images, show a small inter-individual variability compared 

with the dose corrected count densities in heart and mediastinum separately.  

Although we anticipated on advantages of obtaining the myocardial count 

densities in LAO projection (less overprojection of pulmonary tissue), a systematically 

smaller myocardial region of interest resulted in a higher inter-individual variability, as a 

result of unfavourable count statistics, for all three planar methods used. In addition, 

nonsignificantly lower H/M and washout values were found in the LAO projection 

compared to anterior projection. Therefore, myocardial 123I-MIBG uptake is preferably 

assessed in anterior projection to ensure the lowest variation and the highest resolution.  

MIBG indices 
Early Late 

CV 95% CI CV 95% CI 

Septum/Heart (%) 0.03 0.02-0.04 0.02 0.01-0.03 

Lateral/Heart (%) 0.04 0.03-0.05 0.04 0.02-0.06 

Inferior/Heart (%) 0.04 0.02-0.06 0.05 0.03-0.08 

CV = coefficient of variation, 95% CI = 95% confidence interval of CV. 

Table 7. Within-subject variability (3 months interval) of relative (% of maximal cardiac uptake) 

segmental 123I-MIBG uptake in tomographic scintigraphy (n=9).  
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The planar quantification method 3 was characterised by the highest inter-

individual variability for all indices as compared to the other planar methods. This may 

be due to the fact that peak count density in the myocardium was predominantly found 

in the infero-apical region, which was highly affected by spill-over from extra-cardiac 

structures, especially the liver. If heterogeneous myocardial 123I-MIBG uptake, which 

has been reported in various cardiac disease, is also taken into account, method 3 can be 

considered to be less suitable for semi-quantitative assessment of global cardiac 123I-

MIBG uptake. 

For quantification method 2, the H/M ratios were slightly higher as compared 

with those obtained with method 1. However, a larger inter-individual variability of the 

H/M ratios for method 2, which is probably caused by the difficulty to exactly define 

the endocardial border, may not result in a higher resolution. Therefore, from these data 

it can be concluded that planar methods 1 and 2 are equally reliable for the semi-

quantitative analysis of cardiac 123I-MIBG uptake. 

In the present study, the planar H/M values using quantification method 1 in 

anterior projection (early, 1.89±0.14, and late, 1.96±0.16) were lower than previously 

reported H/M values in normal individuals. Morozumi et al., using the same 

quantification method, demonstrated early and late H/M values of 2.80±0.25 and 

3.02±0.47, respectively.15 Differences in size of the used ROI for the upper 

mediastinum corrected for differences in matrix size may explain this inconsistency. 

Morozumi et al. used a fixed ROI of 144 pixels with a matrix size of 256x256 compared 

with 40 pixels with a matrix size of 128x128 in our study. The ROI used by Morozumi 

et al. recalculated to a matrix size of 128x128 decreases with a factor 4 and is therefore 

smaller in size compared to the present study (36 vs 40 pixels, respectively). The smaller 

ROI leads to a more precise estimation of non-specific mediastinal uptake and is less 

influenced by non-specific lung uptake. This leads to a lower mediastinal count density 

and therefore explains the differences in H/M ratios. However, a smaller ROI, leads also 

to a larger variability as reflected by a larger SD for late H/M. Our data are more in line 

with those of Merlet et al. Using method 1, they reported late H/M values of 1.95±0.31 

(range 1.75-2.6).16 
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The values of myocardial washout on planar images were in keeping with 

previous reported values.15 On tomographic images, cardiac washout was significantly 

lower as compared with cardiac washout on planar images. Because pulmonary washout 

obtained from our data (49±2.5%) is significantly higher than cardiac washout, which is 

in keeping with data from others,15 over-projection of pulmonary tissue on planar 

images may account for this difference. Although inter-subject variability is high, 

washout measured on tomographic images may better reflect sympathetic nervous 

activity at a myocardial level. However, decay corrected washout showed a higher inter-

individual and within-subject variability compared with non-decay-corrected washout 

from both planar and SPECT acquisitions. Decay correction does not only increase 

presumed activity it also increases SD. Therefore, decay-corrected myocardial washout 

showed lower values but higher variation. From a theoretical perspective correction for 

physical decay in the calculation of biological washout is understandable. This 

correction, however, implies an increase in variation. One could therefore wonder if 

small changes in sympathetic neuronal activity as assessed with myocardial 123I-MIBG 

washout could better be done without decay correction (i.e. smaller variation). 

As heterogeneous 123I-MIBG uptake on tomographic images has been shown to 

be present in normal individuals15, 17 and patients with heart failure,12 we assessed the 

segmental variability in uptake and washout. Relative 123I-MIBG uptake in the inferior 

wall was lower compared with the lateral segment which is in accordance with other 

studies.15, 17 This regional difference in 123I-MIBG uptake is probably due to both tissue 

attenuation and spatial variation in sympathetic nerve activity, as the uptake of the 11C-

epinephrine, which is a positron emission tomography equivalent of 123I-MIBG, was 

also significantly reduced in the inferior wall in healthy individuals.18 The inter-

individual variation of segmental count densities was large, probably because of low 

count statistics (typically: 200 counts/pixel). However, when segmental uptake was 

expressed as a percentage of total myocardial uptake, inter-subject variability was low 

which supports the use of relative measurements to assess segmental variation in cardiac 
123I-MIBG uptake.  
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Several variables, as age and bodyweight have been shown to be related to 

cardiac 123I-MIBG uptake and washout.19-22 In our study, only weight was a consistent 

independent determinant of various 123I-MIBG SPECT indices in univariate analysis. 

However, only early cardiac uptake in SPECT images was related to weight, in 

multivariate analysis. Therefore, weight-correction of the 123I-MIBG SPECT data may 

be considered for clinical studies. Probably as a result of the smaller age range in our 

normal population compared with patient data from other studies, age was not an 

independent determinant of any of the 123I-MIBG myocardial indices. 

The within-subject variability was lower for planar than for tomographic 

acquisitions, which is probably due to higher count densities on planar images. Planar 

method 3 was characterised by a high within-subject variability, indicating that this 

method is not useful for the detection of small alterations in cardiac 123I-MIBG uptake. 

However, for planar methods 1 and 2 (in the anterior projection), a lower CV 

(approximately 5%) was demonstrated for all indices. This has important implications 

for clinical studies, as a 5% variation over time is low and enables the detection of small 

alterations in planar 123I-MIBG indices to monitor disease progression or the effect of 

therapeutic interventions. For tomographic images, within-subject variability was 

relatively high for segmental count densities. However, when segmental uptake was 

expressed as a percent of total myocardial uptake, within-subject variability was low 

which indicates that relative segmental uptake may serve as a reliable clinical parameter.  

 

Conclusion 

Myocardial 123I-MIBG indices expressed as H/M- and washout-derived planar images, 

by use of mean count densities, show a low inter-individual and within-subject 

variability in healthy individuals which enables the detection of small variations in 

cardiac sympathetic nervous function. The use of peak count densities to measure 123I-

MIBG uptake is less reliable because of high inter-patient and within-patient variability. 

The anterior projection is superior to the LAO projection with respect to variability and 

resolution of myocardial 123I-MIBG uptake. On tomographic images, segmental 123I-

MIBG uptake expressed as a percentage of total myocardial uptake can be used to 

determine regional variation in sympathetic neuronal function. These findings have 
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important clinical implications for the interpretation of cardiac 123I-MIBG studies, 

which are commonly used to detect sympathetic neuronal dysfunction and to evaluate 

the effect of therapeutic intervention on sympathetic nervous function in various forms 

of cardiac disease.  
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Abstract 

Background 

No-carrier-added (nca) MIBG is primarily associated with specific uptake (i.e. uptake-1 

mechanism). We evaluated the hypothesis that nca MIBG will be less influenced by 

changes in extra-neuronal uptake (i.e., uptake-2 mechanism) compared with carrier 

added (ca) MIBG. 

 

Methods and Results  

nca MIBG was compared with ca MIBG of two different manufacturers (ca MIBG-1 

and ca MIBG-2 with a specific activity of 200 Mq/µmol and 40 MBq/µmol MIBG re-

spectively) in rats (n=6 per group):controls, blocking uptake-1 (desipramine), and 

blocking uptake-2 (phenoxybenzamine hydrochloride). Dedicated pinhole SPECT was 

performed 2 h after injection of the radiotracer. After SPECT, biodistribution was as-

sessed (% injected dose per gram tissue (%ID)). 

nca MIBG had the highest absolute cardiac uptake. Although a clear trend was 

observed, nca MIBG was not statistically significantly different from ca MIBG-1 

(0.31±0.05 %ID vs 0.25±0.01 %ID, p=0.05). Blocking uptake-1 resulted in a signifi-

cant decrease in absolute cardiac uptake only for nca MIBG (0.22±0.03 %ID, 

p=0.004). Blocking uptake-2 resulted in a significant reduction of ca MIBG-1 cardiac 

uptake (0.14±0.02 %ID, p=0.0001), but not for nca MIBG or MIBG-2. SPECT 

showed the highest relative cardiac uptake for nca MIBG. Poor contrast between myo-

cardium and surrounding tissue hampered relative cardiac uptake on SPECT of both ca 

MIBG-1 and ca MIBG-2. 

 

Conclusion:  

nca MIBG yields a higher myocardial uptake than ca MIBG and is associated with a 

higher specific as well as a lower non-neuronal uptake. We therefore conclude that for 

the scintigraphic assessment of myocardial sympathetic nervous system, nca MIBG is 

preferred over ca MIBG. 
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Introduction 

Cardiac sympathetic neuronal activity can be assessed non-invasively by the use of 123I-

meta-iodobenzylguanidine (123I-MIBG), which is an analogue of norepinephrine.1 In 

patients with chronic heart failure, angiotensin-converting enzyme inhibitors2, β-

receptor antagonists,3, 4 spironolactone,5, 6 and chronic cardiac resynchronization ther-

apy7 have shown to ameliorate functional capacity and prognosis. Using semi-

quantitative analysis, these beneficial effects were associated with an increase in 123I-

MIBG uptake and a reduced washout. Semi-quantitative parameters of myocardial 123I-

MIBG uptake, however, are influenced by variation in extra-neuronal uptake (e.g. in 

liver, lung and mediastinum). 

MIBG, in analogy to catecholamines, is primarily removed from the circulation 

by sodium driven, desipramine sensitive, high affinity transporters into the pre-synaptic 

noradrenergic neurons and stored in the pre-synaptic storage vesicles (i.e. uptake-1).8 In 

addition, there is MIBG uptake by a second, corticosterone sensitive, low affinity, high 

capacity, extra-neuronal transport system, originally named uptake-2.9 Uptake-1 pre-

dominates at low concentrations of both catecholamines and MIBG, whereas uptake-2 

predominates at higher concentrations.10 Blocking experiments have shown that uptake-

2 is responsible for up to 61% of cardiac MIBG uptake.11-15 

For routine clinical studies, the production of 123I-MIBG involves isotopic ex-

change, and as such a low specific activity (presence of a considerable amount of carrier 

in the final product).16 As uptake-2 predominates at higher concentration of MIBG, 

scintigraphically determined semi-quantitative parameters will not be improved by in-

creasing the dose of 123I-MIBG using a low specific activity MIBG preparate. Increasing 

the dose of 123I-MIBG might even lead to saturation of the uptake-1 mechanism. Re-

duction of the total amount of MIBG in combination with a higher specific activity 

(higher ratio radio-labeled/non-radio-labeled, ie no-carrier-added [nca] MIBG), how-

ever, may favor myocardial uptake of MIBG through uptake-1.17 Theoretically, nca 

MIBG may lead to better contrast between specific and non-specific MIBG uptake as 

compared with ca MIBG. 
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We therefore hypothesized that nca MIBG, through predominant uptake via the 

uptake-1 mechanism, represents true myocardial sympathetic activity. This is in contrast 

to ca MIBG, which is influenced by a variable proportion of extra-neuronal uptake in 

the myocardium and in surrounding tissues. In this study we evaluated this hypothesis. 

Methods 

Study protocol 

First, the biodistribution of nca 123I-MIBG was determined. Secondly, the effect of nca 
123I-MIBG on myocardial uptake was determined in three experimental groups: con-

trols, blockade of uptake-1, and blockade of uptake-2. Male Wistar rats, weighing 200-

250 g, were commercially obtained (Harlan, Horst, The Netherlands). All animal ex-

periments were performed after approval of the institutional Animal Research Ethics 

Committee had been obtained. 

 

nca 123I-MIBG biodistribution 

Thirty minutes, 1, 2, 3, 4, 8 and 24 h after injection of approximately 5 MBq nca 123I-

MIBG in the lateral tail vein, rats (three per time point) were sacrificed, and organs were 

dissected and weighed. The atria, right and left ventricle of the heart were dissected 

separately. The left ventricle was further subdivided in anterior wall, inferior wall, and 

septum. The 123I content of each tissue sample was then determined by counting in a 

gamma well counter. 123I content was subsequently calculated as % injected dose per 

gram tissue corrected for body weight (%ID).  

 

nca 123I-MIBG vs ca 123I-MIBG 

The effect of nca 123I-MIBG on myocardial uptake was determined in three experimen-

tal groups (6 male rats per group): controls, blockade of uptake-1 mechanism 

(desipramine 2 mg/kg rat i.v., Sigma-Aldrich Chemie BV, Zwijndrecht, The Nether-

lands), and blockade of uptake-2 mechanism (phenoxybenzamine hydrochloride 10 mg/

kg rat i.v., Sigma-Aldrich Chemie BV, Zwijndrecht, The Netherlands). Using this ap-

proach, nca MIBG was compared with ca MIBG of two different manufacturers (ca 
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MIBG-1 and ca MIBG-2). Ten minutes after administration of uptake blockers, 100 

MBq MIBG was injected i.v. Dedicated pinhole single photon emission computed to-

mography (SPECT) was performed 2 h after injection of MIBG. Thereafter animals 

were sacrificed (approximately 3 h p.i.) and organs were dissected and weighed. The 

atria, and the right and left ventricle of the heart were dissected separately. The left ven-

tricle was further subdivided in anterior wall, inferior wall, and septum. The 123I content 

of each tissue sample was then determined by counting in a gamma well counter. 123I 

content was subsequently calculated as % injected dose per gram tissue corrected for 

body weight (%ID).  

 

Radiopharmaceuticals 

nca 123I-MIBG 

No-carrier-added 123I-MIBG was produced via the well-established Cu(I)-catalysed non-

isotopic (123I/Br) exchange reaction in an acidic, aqueous medium.18 A reproducible and 

high labeling yield (70-80 %, approximately 5-6 GBq nca 123I, on time of synthesis – 

Na123I from Mallinckrodt Medical, TYCO Healthcare BV, Petten, The Netherlands) 

was obtained and final reaction mixture was injected into a semi-preparative HPLC sys-

tem (using an isotonic EtOH/acetate eluent) to separate the radioiodinated 123I-MIBG 

from its brominated precursor. A second HPLC separation was done on the first col-

lected fraction in order to obtain nca 123I-MIBG, free from pseudo-carrier (bromo-

precursor). The ultimate collected nca 123I-MIBG was further diluted with an isotonic 

citrate buffer (pH 5), filtrated, dispensed and sterilized by autoclavation. The radio-

chemical purity of the autoclaved nca 123I-MIBG was still higher than 98 % (30 hours 

after synthesis), with an overall yield of 55-65 %. Post production UV-HPLC analyses 

of the final product showed complete absence of bromo-precursor. nca 123I-MIBG had a 

specific activity in the order of 1700 GBq/µmol. 

 

ca 123I-MIBG-1 

Carrier-added 123I-MIBG-1 was produced according an isotopic exchange procedure, 

had a radiochemical purity of more than 97% and a specific activity in the order of 200 

MBq/µmol MIBG. 
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ca 123I-MIBG-2 

Carrier added 123I-MIBG-2 was also produced according an isotopic exchange proce-

dure resulting in a radiochemical purity of more than 97% and a specific activity of 40 

MBq/µmol MIBG. 

 

Pinhole SPECT 

The dedicated animal single-pinhole SPECT system has previously been described ex-

tensively.19 In short, rats are fixed in a perspex cylinder, mounted on a stepping motor driven 

system and positioned exactly above the pinhole collimator of the gamma camera (Philips 

ARC 3000). Instead of rotating the gamma camera-head around the animal, the perspex cyl-

inder is then rotated. In the present study, a pinhole with a 2-mm aperture was used. Data 

were acquired using 50 projections of 60 sec each. All acquisitions were performed in a step-

and-shoot fashion, with a 20% energy window around 159 keV in a 64×64 matrix, and a ra-

dius of rotation of 45 mm. Animals were anaesthetized by a mixture of ketamine/xylazine 2:1; 

0.1 ml /100 g rat i.m. The acquisitions were iteratively reconstructed using the previously de-

scribed pinhole smoothing prior (PH-SMO) reconstruction algorithm,20 implemented on a 

HERMES workstation environment (HERMES, Medical Soluitons, Stockholm, Sweden). 

The ordered subsets acceleration was applied with 5 subsets, 4 iterations and Bayesian weight 

of 0.3. ROIs for calculation of relative myocardial uptake (myocardial uptake / lung uptake) 

were drawn on 5 summed consecutive short axis slices of the left ventricle. 

 

Statistical analysis 

Absolute (in-vitro) 123I-MIBG uptake is expressed as % injected dose per gram tissue 

corrected for body weight (%ID). 123I-MIBG myocardial washout was calculated using %ID 

whole heart at 30 min and 4 h after injection ([%ID whole heart at 30 min - %ID whole 

heart at 4 h] / %ID whole heart at 30 min). Relative (in-vivo) myocardial 123I-MIBG uptake 

is expressed as a ratio between specific (i.e., myocardial) and non-specific (i.e., lung) uptake. 

Means were compared for differences with analysis of variance (ANOVA). In case of multiple 

comparisons, a post-hoc Bonferroni correction was applied (SPSS for Windows 11.5.1, SPSS 

Inc., Chicago, Il, USA). A p-value <0.05 was considered to indicate a statistically significant 

difference. All data are expressed as mean ± SD. 
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Results 

nca 123I-MIBG biodistribution 

Biodistribution of radioactivity at different times after intravenous injection of nca 123I-

MIBG is shown in Table 1. Myocardium and adrenals showed the highest %ID com-

pared with the other organs from 1 h up to 24 h after injection. There were no differ-

ences in regional (i.e., anterior wall, septum, and inferior wall) myocardial 123I radioac-

tivity distribution. At all time-point considered, myocardial uptake was higher than ac-

  30 min 1 hour 2 hours 3 hours 4 hours 8 hours 24 hours 

Atria 0.71±0.23 0.64±0.14 0.60±0.11 0.40±0.24 0.51±0.060 0.34±0.12 0.09±0.00 

Right 
ventricle 0.93±0.17 1.05±0.11 0.92±0.08 0.54±0.31 0.62±0.06 0.35±0.01 0.08±0.00 

Septum 0.84±0.18 0.97±0.05 0.75±0.09 0.49±0.27 0.54±0.08 0.24±0.03 0.05±0.00 

Anterior 
wall 0.94±0.20 1.05±0.08 0.78±0.08 0.53±0.28 0.63±0.14 0.26±0.03 0.05±0.00 

Inferior 
wall 0.96±0.23 1.06±0.06 0.81±0.07 0.58±0.16 0.48±0.06 0.23±0.04 0.05±0.00 

Whole 
heart 0.92±0.20 0.99±0.06 0.80±0.08 0.52±0.26 0.56±0.04 0.27±0.04 0.06±0.00 

Blood 0.03±0.00 0.03±0.00 0.03±0.00 0.03±0.00 0.02±0.00 0.02±0.00 0.01±0.00 

Fat 0.03±0.01 0.03±0.01 0.03±0.00 0.03±0.01 0.02±0.00 0.01±0.00 0.01±0.00 

Muscle 0.03±0.01 0.03±0.00 0.03±0.00 0.03±0.00 0.03±0.00 0.03±0.01 0.01±0.00 

Liver 0.57±0.08 0.48±0.05 0.23±0.03 0.14±0.033 0.10±0.01 0.04±0.00 0.02±0.00 

Spleen 0.29±0.05 0.32±0.03 0.29±0.03 0.25±0.03 0.25±0.06 0.14±0.01 0.04±0.00 

Kidneys 0.30±0.10 0.22±0.06 0.14±0.00 0.10±0.01 0.09±0.02 0.05±0.02 0.02±0.01 

Adrenals 0.43±0.10 1.05±1.16 0.31±0.03 0.34±0.06 0.22±0.02 0.16±0.02 0.16±0.03 

Lung 0.90±0.25 0.59±0.53 0.29±0.05 0.20±0.17 0.15±0.04 0.07±0.01 0.02±0.00 

Brain 0.01±0.00 0.01±0.00 0.01±0.00 0.01±0.01 0.00±0.00 0.00±0.00 0.00±0.00 

Data are given as %ID×kg/g and represent mean ± SD of three rats per time point. 

Table 1. Biodistribution of 123I radioactivity at different times after intravenous injection of nca 123I-

MIBG.  
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tivity measured in blood. 123I-MIBG myocardial washout at 4 h after injection was 39%. 

Throughout the experiment, lowest activity was observed in the brain. Figure 1 shows 

the time activity curve of myocardial nca 123I-MIBG. 

 

nca 123I-MIBG vs ca 123I-MIBG 

Three hours after injection (directly after completion of the SPECT study), nca MIBG 

had a higher absolute cardiac uptake than the ca MIBG-1, however, this difference was 

not statistically significantly different (0.31±0.05 %ID vs 0.25±0.01 %ID, p=0.05), al-

though a clear trend towards significance was found. No-carrier-added MIBG as well as 

ca MIBG-1 had a higher cardiac uptake as compared to ca MIBG-2 (0.16±0.03 %ID, 

p=0.0001 and 0.003, respectively). These findings are shown in Figure 2. No regional 

(septum, anterior, and inferior wall) differences were found in the uptake of nca MIBG, 

ca MIBG-1 and ca MIBG-2. 

Figure 3 displays the results of the blocking experiments. Blocking the uptake-1 

mechanism with desipramine resulted in a significant decrease in cardiac uptake for nca 

MIBG (0.22±0.03, p=0.004, see Figure 3A). Blocking the uptake-1 mechanism had no 

effect on the cardiac uptake of ca MIBG-1 or ca MIBG-2 (0.22±0.04, p=0.322 and 

0.24±0.11, p=0.674, respectively; Figures 3B and 3C). Blocking the uptake-2 mecha-

nism with phenoxybenzamine hydrochloride resulted in a significant reduction of ca 

Figure 1. 123I time-activity curve of myocardial nca 123I-MIBG uptake. Data are given as %ID×kg/g 
and represent mean ± SD of three rats per time point. 
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MIBG-1 cardiac uptake (0.14±0.02, p=0.0001, see Figure 3B). There was no significant 

effect on the cardiac uptake of nca MIBG or ca MIBG-2 (0.27±0.02, p=0.247 and 

0.20±0.09, p=1.00, respectively; Figures 3A and 3C). 

 

Pinhole SPECT 

Figure 4 shows that pinhole SPECT derived relative cardiac uptake without blocking for 

nca MIBG (2.37±0.42) was statistically significantly higher compared with ca MIBG-1 

(1.19±0.08, p=0.002) and ca MIBG-2 (0.86±0.14, p=0.0001). There was no difference 

between the relative cardiac uptake of ca MIBG-1 and ca MIBG-2 (p=0.673). Relative 

cardiac uptake on SPECT of both ca MIBG-1 and ca MIBG-2 was hampered by poor 

contrast between myocardium and surrounding tissue (Figure 5). 

Figure 2. Box whisker plots showing the absolute uptake of 123I, approximately 3 h after injection of 
the radiotracer, for nca MIBG, ca MIBG-1 and ca MIBG-2, respectively. nca MIBG vs ca MIBG-1: 
p=0.05; nca MIBG vs ca MIBG-2: p=0.0001; ca MIBG-1 vs ca MIBG-2: p=0.0003. Data are given as %
ID×kg/g and represent six rats per group. 
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Discussion 

The main goal of this study was to test the hypothesis that myocardial uptake of nca 

MIBG is not hampered by extra-neuronal uptake (uptake-2) compared with ca MIBG. 

Our in-vitro findings indicate that, in general, nca MIBG yields a higher absolute spe-

cific (uptake-1) myocardial uptake than does ca MIBG. The difference between nca 

Figure 3. The effect of blocking uptake-1 (desipramine) or uptake-2 (phenoxybenzamine hydrochlo-
ride) on absolute uptake of 123I for nca MIBG (A), ca MIBG-1 (B) and ca MIBG-2 (C). The blockers 
were administrated 10 minutes before injection of the radiotracer. Rats were sacrificed approximately 
3 h after injection of the radiotracer. Data are given as %ID×kg/g and represent six rats per group. 

desipramine
phenoxy

ca MIBG-2

0.5

0.4

0.3

0.2

0.1

0

%
ID

w
h
o
le

h
e
a
rt

desipramine
phenoxy

nca MIBG

0.5

0.4

0.3

0.2

0.1

0

%
ID

w
h
o
le

h
e
a
rt

desipramine
phenoxy

ca MIBG-1

0.5

0.4

0.3

0.2

0.1

0
%

ID
w

h
o
le

h
e
a
rt

A B

C



nca 123I-MIBG vs ca 123I-MIBG in rats  

79 

MIBG and ca MIBG in absolute myocardial uptake was also present in-vivo as assessed 

with dedicated pinhole SPECT. This difference was also associated with a higher spe-

cific as well as a lower extra-neuronal uptake.  

 

Biodistribution of nca 123I-MIBG 

At all time-points considered, the biodistibution data showed that the uptake of nca 

MIBG in heart and adrenal tissue was much higher than in blood. This finding is in line 

with the known biodistribution of the NET. In addition, the lowest uptake was ob-

served in the brain. This observation, in addition to the myocardial washout of 39% is 

also in line with the well-described biodistribution of ca MIBG.17, 21  

The biodistribution data further showed that the absolute (in-vitro) uptake of 

nca 123I-MIBG in the heart, the primary uptake-1 target organ, was almost 2-fold higher 

compared to ca MIBG-2 at 3 h post injection (see Figure 2). Furthermore, we demon-

strated that the absolute cardiac uptake of nca 123I-MIBG, unlike that of ca 123I-MIBG, 

Figure 4. The relative myocardial uptake, as determined from pinhole SPECT, of nca 123I-MIBG, ca 123I-
MIBG-1 and ca 123I-MIBG-2, respectively. The acquisition of the SPECT study was started 2 h after injection 
of the radiotracer. Data are given as a ratio of myocardial over lung counts/pixel. 
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was primarily blocked by desipramine, suggesting that uptake was related to specific uptake 

(uptake-1). The absolute uptake of the different MIBG in adrenals, another target organ, was 

comparable at 3 h post injection (data not shown). There was also a high absolute uptake of 

nca 123I-MIBG in the spleen. The exact mechanism for this is not known, however, there are 

some reports suggesting that the spleen is a sympathetically innervated organ.22, 23  
 

A 

B 

C 

SA HLA VLA 

SA HLA VLA 

SA HLA VLA 

Figure 5. Pinhole SPECT showed high quality images of nca 123I-MIBG (A; 2 h p.i.) with good con-
trast between myocardium and surrounding tissue. The relative myocardial uptake on SPECT of both 
ca MIBG-1 (B; 2 h p.i.) and ca MIBG-2 (C; 2 h p.i.) was hampered by poor contrast between myo-
cardium and surrounding tissue. The level activity is encoded from low (black) via medium (yellow) 
to high (white). SA: short axis; HLA: horizontal long axis; VLA: vertical long axis.  
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Previous studies 

The presently observed superior absolute myocardial uptake of nca MIBG as compared 

with ca MIBG is in line with previous experimental data in normal mice.17 However, 

the extrapolation of these early promising experimental results to a clinical human set-

ting is limited. Farahati et al were the first to report the use of nca MIBG for myocardial 

scintigraphy in humans. In a limited number of healthy volunteers (n=3), planar as-

sessed nca MIBG showed an increase of myocardial uptake compared to ca MIBG.24 In 

patients with ventricular arrhythmias, Samnick et al showed that the relative myocardial 

uptake of nca MIBG as assessed with SPECT was higher than myocardial uptake of ca 

MIBG.25 These findings were similar to those reported in another cohort of patients 

evaluated for tachyarrhythmias.26 Despite these encouraging findings, nca MIBG for 

scintigraphic assessment of myocardial sympathetic innervation has never been used in a 

clinical setting on a larger scale. One of the explanations for this might be the limited 

availability of nca MIBG.  

 

Uptake-1 and uptake-2 

The reuptake of released catecholamines is mediated by high affinity, low capacity, so-

dium-chloride dependent, transporters present in the outer membrane of the pre-

synaptic nerve endings. This transport system is also known as the uptake-1 mechanism 

and consists of the norepinephrine transporter (NET) and the dopamine transporter 

(DAT). In addition to uptake-1, catecholamines are removed from the circulation by a 

second transport system. This second transport system consists of sodium-chloride inde-

pendent, corticosterone-sensitive, high-capacity extraneuronal monoamine transporters 

(EMT), originally discovered as transport mechanism in rat heart and designated as up-

take-2 mechanism by Iversen and coworkers.9 Molecular cloning has shown that up-

take-1 and uptake-2 belong to two different families of transporters. The pre-synaptic 

neuronal uptake-1 transporters for norepinephrine and dopamine are both members of 

the solute carrier family of transporters (SLC6A2 and SLC6A3, respectively).27 Uptake-

2 belongs to another subgroup of the SLC transporters (SLC22) and can be placed in 

the family of organic cation transporters (OCT) which has several members (OCT1, 

OCT2 and OCT3 or SLC22A1, SLC22A2 and SLC22A, respectively).28 The classical 
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uptake-2 or EMT is most likely to be represented by OCT3 and comes to expression in 

different organs (i.e. heart, liver, skeletal muscle, placenta, and kidney).29, 30 The OCTs 

are involved in the absorption, distribution and elimination of endogenous compounds 

(i.e. amines) as well as of drugs, toxins and other xenobiotics).31, 32 Neuronal reuptake by 

uptake-1 is quantitatively most important for the clearance of released cathecholamines, 

accounting for about 90% of their removal at the presynaptic nerve endings. Although 

OCT3 has been proposed to be the classical EMT, the three OCTs together are thought 

to be responsible for the extra-neuronal clearance of cathecholamines that have escaped 

from reuptake by uptake-1.31 It is therefore to be expected that MIBG, an analogue of 

norepinephrine, administered in tracer amounts will primarily reflect uptake-1.  

In general uptake-1 and uptake-2 mechanisms are thought to have similar func-

tions between species. However, there are reported small differences in the relative ex-

pression of these mechanisms between species. Due to these differences in distribution 

(i.e. expression) of uptake mechanisms, the results found in the present study in rats 

may not exactly reflect the situation in humans. 

 

Pharmacological effect of radiotracer 

The relative low sensitivity of dedicated animal SPECT systems requires high doses of 

activity to achieve acceptable count statistics for adequate reconstruction. In general, 

these high doses of activity are associated with significant amounts of unlabelled com-

pound which may comprise the specific binding and the degree of receptor occupancy 

(i.e. induction of a pharmacological effect). In general a receptor occupancy of <1% is 

accepted to satisfy tracer kinetic modeling.33 As uptake-1 is a high affinity, low capacity 

transporter, the variations in the administered amount of MIBG are most likely to have 

a pharmacological effect on this transporter, when the tracer is administrated in a rela-

tively high dose. In the present study, the estimated uptake-1 transporter saturation (i.e. 

inhibition of uptake) for the three different MIBG radiopharmaceuticals could be 

roughly estimated by dividing the administered amount of MIBG (in mol) by the trans-

porter density (Bmax). The Bmax of NET in Wistar rats is in the order of 200 fmol/mg 

protein (range from 100 to 490 fmol/mg protein).34-37 In our present study, the amount 
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of MIBG in the myocardium was 1 pmol, 2 µmol and 3 mmol for nca MIBG, ca 

MIBG-1 and ca MIBG-2, respectively. At a dose of 100 MBq, the inhibition of uptake-

1 will be approximately 0.1% for nca MIBG. In other words, pharmacological effects 

are not to be expected. However, it could be estimated that there may be an almost 

complete saturation (ie total inhibition) of the uptake-1 transporter for ca MIBG-1 and 

ca MIBG-2. Therefore, at a dose of 100 MBq nca MIBG myocardial uptake mainly re-

flects uptake-1, as uptake-1 is a high affinity, low capacity process. 

 

Pinhole SPECT 

There is an increasing interest in the utilization of dedicated animal SPECT for the im-

aging of receptors and tracer kinetics in-vivo. This has resulted in the application of 

these dedicated systems to a wide range of interests from gastroenterology38 to neurol-

ogy39 and cardiology.40 To our knowledge, our study is the first using 123I-MIBG pin-

hole SPECT for the assessment of cardiac sympathetic nerve activity. Pinhole SPECT 

nicely illustrated that nca MIBG resulted in images of high quality that are superior to 

ca MIBG images. This superior image quality of nca MIBG reflects the higher specific 

as well as a lower extra-neuronal uptake. Therefore, nca MIBG is preferred over ca 

MIBG for the scintigraphic assessment of the myocardial sympathetic nervous system. 

 

Anesthetics 

Ketamine is a widely used anesthetic that may interact with the high affinity SLC6 

transporters for norepinephrine and dopamine. The function of the SLC6 transporters 

is probably inhibited via interaction with a site partially overlapping the desipramine 

binding site.41 Whether this interaction is competitive or non-competitive is probably 

species related. We can not exclude the possibility that ketamine may have negatively 

influenced the uptake of MIBG in our study. As nca MIBG is primarily transported via 

the SLC6 transporters, especially the absolute and relative uptake of nca MIBG may 

have been underestimated. Despite this potential underestimation, nca MIBG showed 

both the highest absolute (in-vitro) and relative (in-vivo) myocardial uptake compared 

to ca MIBG. 
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Conclusion 

In conclusion, nca 123I-MIBG yields a higher myocardial uptake than ca 123I-MIBG and 

is associated with a higher specific and a lower extra-neuronal uptake. For the scinti-

graphic assessment of myocardial sympathetic nervous system, we conclude that nca 
123I-MIBG is therefore preferred over ca 123I-MIBG. Moreover, this study shows for the 

first time that the myocardial sympathetic nervous system can be visualized in small ani-

mals with pinhole SPECT and 123I-MIBG.  
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Abstract 

Background 

We hypothesized that assessment of myocardial sympathetic activity with no-carrier-

added (nca) 123I-meta-iodobenzylguanidine (MIBG) compared to carrier-added (ca) 123I-

MIBG would lead to an improvement of clinical performance without major differences 

in radiation dosimetry.  

 

Methods and Results  

In 9 healthy volunteers, 15 minutes and 4 h planar thoracic scintigrams, and conjugate 

whole-body scans were performed up to 48 h following intravenous injection of 

185 MBq 123I-MIBG. The subjects were given both nca and ca 123I-MIBG. Early heart/

mediastinal ratios (H/M), late H/M ratios and myocardial washout were calculated. The 

fraction of administered activity in 10 source organs was quantified from the attenua-

tion corrected geometric mean counts in conjugate views. Radiation absorbed doses 

were estimated with OLINDA/EXM software. 

Both early and late H/M were higher for nca 123I-MIBG (ca 123I-MIBG early H/M 

2.46±0.15 vs nca 123I-MIBG 2.84±0.15, p=0.001 and ca 123I-MIBG late H/M 2.69±0.14 vs 

nca 123I-MIBG 3.34±0.18, p=0.002). Myocardial washout showed a longer retention time for 

nca 123I-MIBG (p<0.001). The effective dose equivalent (adult male model) for nca 123I-MIBG 

was similar to that for ca 123I-MIBG (0.025±0.002 mSv/MBq vs 0.026±0.002 mSv/MBq, 

p=0.055, respectively). 

 

Conclusion 

No-carrier-added 123I-MIBG yields a higher relative myocardial uptake and is associated 

with a lower myocardial washout. This difference between nca 123I-MIBG and ca 123I-

MIBG in myocardial uptake did not result in major differences in estimated absorbed 

doses. Therefore, nca 123I-MIBG is to be preferred over ca 123I-MIBG for the assessment 

of cardiac sympathetic activity.  
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Introduction 

Meta-iodobenzylguanidine (MIBG), in analogy to catecholamines, is removed primarily 

from the circulation by sodium driven, desipramine sensitive, high affinity transporters 

into the pre-synaptic noradrenergic neurons and stored in the pre-synaptic storage vesi-

cles (called uptake-1).1 In addition, there is MIBG uptake by the corticosterone sensi-

tive, low affinity, high capacity, extra-neuronal transport system, originally named up-

take-2.2 Uptake-1 predominates at low concentrations of both catecholamines and 

MIBG, whereas uptake-2 predominates at higher concentrations.3 Blocking experiments 

have shown that uptake-2 is responsible for up to 61% of myocardial MIBG uptake.4-8 

For routine clinical studies, the production of 123I-MIBG involves isotopic exchange, 

that gives a low specific activity (presence of a considerable amount of carrier (i.e. non-

radio-labeled MIBG) in the final product).9 As uptake-2 predominates at higher con-

centration of MIBG, scintigraphic determined semi-quantitative parameters will not 

improve by increasing the dose of 123I-MIBG using a low specific activity 123I-MIBG 

compound. Increasing the dose of low specific activity 123I-MIBG might even lead to 

saturation of the uptake-1 mechanism. Reduction of the total amount of MIBG in com-

bination with a higher specific activity (higher ratio radio-labeled/non-radio-labeled, i.e. 

no-carrier-added [nca] 123I-MIBG), however, may favor myocardial uptake of 123I-

MIBG through uptake-1.10 In a blocking experiment (animal setting) we have shown 

that nca 123I-MIBG leads to a better contrast between specific and non-specific 123I-

MIBG uptake as compared to carrier-added (ca) 123I-MIBG.11 

We hypothesized that the experimental differences in myocardial uptake of nca 
123I-MIBG compared to ca 123I-MIBG observed in the animal studies should also be 

found in human subjects. This increase in myocardial uptake would lead to an improve-

ment in the clinically relevant imaging parameters of myocardial 123I-MIBG uptake (i.e. 

early heart/mediastinal ratios (H/M), late H/M ratios and myocardial washout). In ad-

dition we hypothesized that this improved myocardial uptake of nca 123I-MIBG would 

not lead to any major differences in dosimetry. In the present study we evaluated the 

intra-individual differences in clinical performance and radiation dosimetry for both nca 
123I-MIBG and ca 123I-MIBG. 
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Methods 

Study protocol 

Healthy volunteers were injected with approximately 185 MBq of ca 123I-MIBG and 

with approximately 185 MBq of nca 123I-MIBG on 2 separate days with a 2-week inter-

val. To minimize the possibility of order bias, five of the subjects received first ca 123I-

MIBG followed by nca 123I-MIBG and in the other four subjects the order was reversed. 

After injection, images were obtained for the assessment of the semi-quantitative myo-

cardial 123I-MIBG indices and also for calculation of radiation dosimetry. The study 

protocol was approved by the institutional Medical Ethics Committee. 

 

Study group 

Nine healthy volunteers (four women and five men), with a mean age of 29 years (range 

21 – 59 years) and a low likelihood of coronary artery disease (<5%), were included af-

ter they had given their written informed consent. The subjects were free of disease 

based on screening by medical history and physical examination. None of the subjects 

used any medication that could interfere with 123I-MIBG uptake. Each subject received 

approximately 200 mg potassium iodide (10% solution) orally, taken as three daily frac-

tionated doses on the day before and on the day of injection, in order to block thyroid 

uptake of free radioactive iodide. 

 

Radiopharmaceuticals 

No-carrier-added 123I-MIBG was produced via the well-established Cu(I)-catalyzed non-

isotopic (123I/Br) exchange reaction in an acidic, aqueous medium.12 A reproducible and 

high labeling yield (70-80%, approximately 5-6 GBq nca 123I, at the time of synthesis; 

Na123I from Mallinckrodt Medical, Tyco Healthcare BV, Petten, The Netherlands) was 

obtained and final reaction mixture was injected into a semi-preparative HPLC system 

(using an isotonic EtOH/acetate eluent) to separate the radio-iodinated 123I-MIBG from 

its brominated precursor. A second HPLC separation was performed on the first col-

lected fraction in order to obtain nca 123I-MIBG, free from pseudo-carrier (bromo-

precursor). The ultimate collected nca 123I-MIBG was further diluted with an isotonic 
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citrate buffer (pH 5), filtrated, dispensed and sterilized by autoclavation. The radio-

chemical purity of the autoclaved nca 123I-MIBG was higher than 98 % (30 hours after 

synthesis), with an overall yield of 55-65 %. Post-production UV-HPLC analyses of the 

final product showed complete absence of bromo-precursor. No-carrier added ca 123I-

MIBG had a specific activity in the order of 1700 GBq/µmol MIBG. 

Carrier-added 123I-MIBG was produced according to an isotopic exchange pro-

cedure, and had a radiochemical purity of more than 97% and a specific activity in the 

order of 40 MBq/µmol MIBG. 

 

Instrumentation 

All images were obtained with a dual-head scintillation camera (e.cam, Siemens, Ger-

many) fitted with medium energy collimators. A 15% energy window was used for 123I 

and 57Co. The medium energy collimators provided minimum septum penetration of 

the higher energy photons of the 123I radionuclide.13 All whole body scans, both emis-

sion and transmission, were obtained in anterior and posterior views with a scan speed 

of 8 cm/min. All measurements were obtained in each subject for both ca 123I-MIBG 

and nca 123I-MIBG. The same radionuclide dose calibrator was used for all 123I activity 

measurements. 

 

Semi-quantitative 123I-MIBG myocardial indices 

At 15 minutes and 4 h post injection of 123I-MIBG, 10 minutes anterior planar acquisi-

tions were made of the thorax. Images were made with a 256x256 matrix size, using the 

settings described above. 

 

Whole body emission scans 

For each subject, a series of six whole body emission scans were obtained at 30 minutes, 

1.5, 2.5, 4.5, 6 and 24 hours post injection of 123I-MIBG. In 2 subjects whole body 

scans were also obtained at 48 hours. The stability of these measurements over the total 

measurement period was monitored by including a vial containing 2 MBq of 123I placed 

between the lower legs of the subject during each emission scan. 
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A quality control check of the equality of the sensitivity of anterior and posterior 

collimated detectors for 123I was verified, according to the NEMA NU-1 protocol.14 The 

calibration factor applied to convert whole body counts to MBq was measured and 

monitored for the anterior detector head. This calibration factor gave the conversion of 

counts to MBq measured in air, without absorption of the imaging pallet. Because of 

interference of the imaging pallet, a similar measurement in air for the posterior detector 

head was not possible. This factor was obtained from a whole body scan of the Petri 

dish, containing an amount of 123I (25 MBq) exactly calibrated in the radionuclide dose 

calibrator, placed on the imaging table. The net counts were obtained from a circular 

region of interest (ROI) over the Petri dish image and a copy of the circular ROI placed 

in a background region. The activity was calibrated to the actual time of scanning over 

the Petri dish. 

 

Whole body transmission imaging 

For the purpose of attenuation correction, a dual-head whole body transmission scan 

was obtained for each subject prior to 123I MIBG injection. A 300 MBq 57Co flood 

source was placed on the lower detector head. The upper detector head thus measured 

transmission through the patient and imaging table in anterior view, whereas the lower 

detector measured counts in air. In the dosimetry calculations a correction was made for 

the difference in attenuation between 57Co and 123I using a measured linear broad beam 

attenuation factor of 0.145 cm-1 57Co and 0.138 cm-1 for 123I. 

 

Blood and urine 

Blood samples were obtained at 10 minutes, 1 hour, and subsequently directly prior to 

each whole body scan. Three duplicate 1 ml samples of blood were measured in a 

gamma sample changer with an appropriate standard 123I activity to convert from counts 

to MBq. Total amount of radioactivity in the blood was calculated using a total blood 

volume, based on gender, individual body weight and height, and expressed as % in-

jected dose of 123I-MIBG.15-17 

Urine was collected in order to verify excretion kinetics. The urine was collected 

in separate containers corresponding to separate collection periods. The first collection 

period started directly after injection of 123I-MIBG and was completed after the first 
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whole body scan. The subsequent collection periods ended prior to each successive 

whole body scan. This gave 5 containers up to 24 hours and 6 containers up to 48 

hours. The urine volume in each container was determined by the net weight of each 

urine container. Three duplicate 1 ml samples from each container were measured in 

the gamma sample changer, and the total urine activity estimated using the total urine 

volume from each collection period. 

 

Image analysis - semi-quantitative 123I-MIBG myocardial indices 

An experienced nuclear medicine technologist (AvM), blind to the radiopharmaceutical 

used, processed all planar images on a workstation (HERMES Medical Solutions, 

Stockholm, Sweden). A region of interest (ROI) for myocardial activity was manually 

drawn and included both ventricles and atrial activity, if observed. A fixed rectangular 

mediastinal ROI (100 pixels) was drawn in the upper mediastium, using the apices of 

the lungs as anatomic landmarks (Figure 1). The H/M (early and late) was calculated as 

the ratio of the counts/pixel in the two ROIs. Myocardial washout was calculated as: 

 

(earlyH/M - lateH/M)/earlyH/M 

and as: 

(earlyH - lateHdc)/earlyH 

 

where late Hdc stands for late H decay corrected. 

Figure 1. Example of processing procedure for early (A) and late (B) planar 123I-MIBG images. The 
positioning of the mediastinal ROI was standardized in relation to the lung apex, the lower boundary 
of the upper mediastinum, and the midline between the lungs. 

A B
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Image analysis – whole body scans 

For each subject an anterior and posterior set of ROIs was created for the activity ob-

served in the source organs of interest: liver, myocardium, lungs, kidneys, spleen, thy-

roid, bladder, submandidular and parotid glands, intestines, and over the total body. 

The anterior lung ROI was obtained from the anterior 57Co transmission scan. Differ-

ent background (BG) ROIs were also obtained and applied to the various organ ROIs: 

groin (BG correction for liver, kidneys, bladder, spleen, intestines), mediastinum (BG 

correction for myocardium), thigh (BG correction for thyroid), head (BG correction for 

submandibular and parotid glands), and outside the body ROI (BG correction for 

whole body ROI). The anterior and posterior ROIs mirrored each other. Once a set of 

anterior and posterior ROIs had been created, this set was applied to each whole body 

scan of the ca 123I MIBG and nca 123I MIBG studies, including the transmission scans. 

Adjustment was applied when necessary for a difference in position of the patient. The 

counts and pixels in each ROI were obtained (HERMES workstation, HERMES Medi-

cal Solutions, Stockholm, Sweden). 

For each emission whole body scan, organ counts were corrected for their appro-

priate BG counts. The 57Co attenuation correction factor for each organ was obtained 

from the square root of the ratio (anterior counts per pixel/posterior counts per pixel) in 

the transmission scan. This 57Co attenuation factor was then corrected to 123I attenua-

tion using the measured broad beam linear attenuation factors. The attenuated cor-

rected counts were ultimately converted to MBq and percentage of injected activity. In 

order to obtain biological kinetics, a decay correction was applied, using the time be-

tween injected activity and start of the whole body scan, plus an extra10 minutes, as the 

decay time interval. 

 

Dosimetry 

The OLINDA/EXM software was used to obtain absorbed doses.18 This software in-

cludes a kinetic input module for determining organ residence times. The residence 

times for the source organs were obtained using the OLINDA/EXM kinetic input 

model, applying a 2 or 3 exponential fit to the data of each source organ. The whole 

body retention data, whereby the geometric mean counts in the first scan was set equal 
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to 100% of injected activity, corresponded with the accumulated activity excreted in the 

urine. The whole body data were therefore used to calculate the total body residence 

time and also formed the basis for the kinetics of the urinary bladder contents. The 

blood activity was input into the remainder body organ of OLINDA/EXM. The differ-

ence between the total number of disintegrations in total body and in the sum of all 

source organs, excluding the urinary bladder contents, was applied to the muscle as a 

source organ. The number of disintegrations in urinary bladder contents was calculated 

based on the whole body excretion (2 exponential component fit) and assuming a 4-

hour bladder voiding interval. The self-dose to the salivary glands was estimated using 

the OLINDA/EXM sphere model. The OLINDA/EXM software estimates intestinal 

absorbed dose only on the basis of intra-luminal activity and does not correct for intes-

tine self-dose. However the intestine is a sympathetically innervated organ.19, 20 A subse-

quent correction was made to the beta-component of the absorbed dose estimate for the 

intestinal wall. The radiation dose estimates were calculated for each subject independ-

ently, and then averaged. Separate sets of values were generated for the OLINDA/EXM 

adult male and adult female input models. All calculations were based on the assump-

tion that the product contained 100% pure 123I. 

 

Statistical analysis 

Normal distribution was assessed by the Kolmogorov–Smirnov test. In the case of nor-

mal distribution, mean differences were compared with a paired Student’s T-test. In the 

case of abnormal distribution, means were compared with the Wilcoxon rank test (SPSS 

for Windows 11.5.1, SPSS Inc., Chicago, Il, USA). A p-value <0.05 was considered to 

indicate a statistically significant difference. Unless indicated otherwise, data are ex-

pressed as mean ± standard deviation (SD). 

Results 

Semi-quantitative 123I-MIBG myocardial indices 

Figure 2 shows the clinical imaging parameters. Both early and late H/M were higher for nca 
123I-MIBG (early ca 123I-MIBG H/M=2.46±0.15 versus nca 123I-MIBG=2.84±0.15, 
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p=0.001; and late ca 123I-MIBG H/M=2.69±0.14 versus nca 123I-MIBG=3.34±0.18, 

p=0.002). The myocardial washout corrected for background showed a trend towards a 

higher myocardial uptake over time (negative myocardial washout) for nca 123I-MIBG (ca 123I-

MIBG=-10.85±4.40 versus nca 123I-MIBG=-18.04±4.31). This trend, however, was statisti-

cally not significant (p=0.128). In contrast, the decay corrected myocardial washout (i.e. decay 

corrected myocardial count density) for nca 123I-MIBG showed a reduction in washout of 

47% (ca 123I-MIBG=23.07±2.29 versus nca 123I-MIBG=12.20±3.96, p=0.003).  

 

Figure 2. Comparison of imaging parameters of ca 123I-MIBG vs nca 123I-MIBG. Early and late H/M 
were higher for nca 123I-MIBG (panel A and B, p=0.001 and p=0.002, respectively). Although myocar-
dial retention for nca 123I-MIBG (panel D, decay corrected) was improved (p=0.003), the clinical used 
myocardial washout showed no difference (panel C). 
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Dosimetry 

Whole-body images of one subject, showing the biodistribution of radioactivity after intrave-

nous injection of 123I-MIBG at different time points post-injection, are presented in Figure 3. 

The uptake pattern was already established at 30 min after injection, with definite uptake seen 

in the myocardium, lungs, liver, intestines, submandibular and parotid glands. Excretion to 

the urinary bladder was already present by 30 min. No major changes in distribution over 

time were observed up to 48 h after injection of 123I-MIBG. Figure 4 shows the average time-

activity curves obtained for the myocardium, lungs, liver and total body. The curves for the 

myocardium demonstrated a slower washout rate of nca MIBG activity (Figure 4A). The 

lungs and liver showed no variation between ca 123I-MIBG and nca 123I-MIBG (Figure 4B 

and 4C). The total body showed a trend towards slightly higher retention for nca 123I-MIBG 

compared to ca 123I-MIBG (Figure 4D).  

Figure 3. Anterior whole-body transmission (Trans) scan (obtained prior to injection of 123I-MIBG) and 
anterior whole-body emission images obtained from a 58 year-old male volunteer at several time 
points after administration of ca 123I-MIBG (panel A) and of nca 123I-MIBG (panel B). In this volunteer 
the first voiding period after injection took place after the second whole body emission scan instead of 
the first whole body emission scan. A holder (seen on the transmission scan) for the 123I-standard 

A

B

Trans 30 min 1.5 Hr 2.5 Hr 4.5 Hr 6 Hr 24 Hr 48 Hr
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Table 1 gives the number of disintegrations (MBq-h/MBq administered) for the 

different source organs. The average number of disintegrations in total body for nca 123I-

MIBG was higher than that for ca 123I-MIBG. Moreover nca 123I-MIBG showed higher 

numbers of disintegrations for myocardium and muscle. The number of disintegrations 

for urinary bladder contents was lower for nca 123I-MIBG, indicating a slightly lesser 

excretion for nca 123I-MIBG. The number of disintegrations for both ca 123I-MIBG as 

for nca 123I-MIBG was highest for muscle, followed by liver and urinary bladder con-

tents.  

Table 2 displays the averaged estimated absorbed doses for the OLINDA/EXM 

adult male and female models for ca 123I-MIBG and nca 123I-MIBG The organs that re-

ceived the highest absorbed doses for both ca 123I-MIBG as for nca 123I-MIBG were the 

urinary bladder wall (based on a 4 hour voiding interval), followed by the lower large 

intestine, upper large intestine, liver and myocardial wall (Table 2). Dose to the myocar-

dial wall was notably higher for the nca 123I-MIBG, as would be expected based on the 

biokinetics. The absorbed doses per organ for females were higher compared to males 

Figure 4. Time activity curves for myocardial wall (panel A), lungs (panel B), liver (panel C) and total 
body (panel D) of ca 123I-MIBG (open circles) and of nca 123I-MIBG (closed circles). Data are expressed 
as the averaged (circles) and the standard error (bars) % injected dose (%ID) for the 9 subjects.  
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for both ca 123I-MIBG as for nca 123I-MIBG. The mean effective dose equivalent for the 

normal male adult for ca 123I-MIBG was of the same order of magnitude as for nca 123I-

MIBG (p=0.055). The mean effective dose equivalent for the normal female adult for ca 
123I-MIBG was slightly lower compared to nca 123I-MIBG (p=0.026). The effective dose 

equivalent and effective dose in females was, for both ca 123I-MIBG and nca 123I-MIBG, 

higher compared to males (p<0.001) (Table 2).  

Discussion 

The main goal of this study was to test whether the experimental differences, noted in 

animal studies, in myocardial uptake of nca 123I-MIBG compared to ca 123I-MIBG 

    ca 123I-MIBG 
mean ± SD   nca 123I-MIBG 

mean ± SD   p-value 

Total body   9.812 ± 1.022   10.392 ± 0.964   0.001 

Salivary glands   0.122 ± 0.025   0.123 ± 0.035   0.964 

Lower large intestine   0.442 ± 0.070   0.440 ± 0.062   0.881 

Upper large intestine   0.442 ± 0.070   0.440 ± 0.062   0.881 

Myocardial wall   0.290 ± 0.051   0.360 ± 0.083   0.017 

Kidneys   0.248 ± 0.071   0.259 ± 0.078   0.504 

Liver   2.330 ± 0.516   2.433 ± 0.410   0.236 

Lungs   0.616 ± 0.127   0.621 ± 0.129   0.853 

Muscle   5.000 ± 0.881   5.424 ± 0.890   0.010 

Spleen   0.089 ± 0.030   0.090 ± 0.041   0.915 

Thyroid   0.035 ± 0.008   0.044 ± 0.020   0.108 

Urinary Bladder Contents   1.130 ± 0.147   1.079 ± 0.141   0.019 

Remainder   0.196 ± 0.033   0.182 ± 0.033   0.054 

The p-values are obtained from paired individual results. 

Table 1. Number of disintegrations (MBq-h/MBq administered) for ca 123I-MIBG and nca 123I-MIBG for 

total body and each source organ. 
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Table 2. Radiation absorbed estimates (mSv/MBq) for ca 123I-MIBG. Continued on next page. 

  

ca 
123I-MIBG 

male   female 

mean ± SD   mean ± SD 

Adrenals 1.08E-02 ± 1.31E-03   1.34E-02 ± 1.61E-03 

Brain 7.69E-04 ± 9.91E-05   7.98E-04 ± 1.02E-04 

Breasts 3.08E-03 ± 3.18E-04   3.82E-03 ± 3.80E-04 

Gallbladder Wall 1.68E-02 ± 2.46E-03   2.08E-02 ± 3.01E-03 

LLI Wall 5.94E-02 ± 8.13E-03   6.51E-02 ± 8.76E-03 

Small Intestine 1.04E-02 ± 8.80E-04   1.31E-02 ± 1.10E-03 

Stomach Wall 6.88E-03 ± 6.60E-04   9.05E-03 ± 8.73E-04 

ULI Wall 4.76E-02 ± 6.68E-03   5.29E-02 ± 7.39E-03 

Heart Wall 2.91E-02 ± 3.93E-03   3.76E-02 ± 5.05E-03 

Kidneys 2.90E-02 ± 6.65E-03   3.26E-02 ± 7.30E-03 

Liver 5.01E-02 ± 1.03E-02   6.49E-02 ± 1.33E-02 

Lungs 2.07E-02 ± 3.44E-03   2.70E-02 ± 4.44E-03 

Muscle 8.60E-03 ± 9.11E-04   1.18E-02 ± 1.29E-03 

Ovaries  na   1.58E-02 ± 1.00E-03 

Pancreas 1.03E-02 ± 1.15E-03   1.33E-02 ± 1.52E-03 

Red Marrow 5.06E-03 ± 4.22E-04   6.13E-03 ± 5.07E-04 

Osteogenic Cells 8.45E-03 ± 8.05E-04   1.07E-02 ± 1.02E-03 

Skin 2.72E-03 ± 2.64E-04   3.31E-03 ± 3.17E-04 

Spleen 1.88E-02 ± 4.85E-03   2.31E-02 ± 5.83E-03 

Testes 5.06E-03 ± 3.01E-04                    na 

Thymus 5.67E-03 ± 5.46E-04   6.95E-03 ± 6.80E-04 

Thyroid 3.85E-02 ± 7.92E-03   4.58E-02 ± 9.49E-03 

Urinary Bladder Wall 8.63E-02 ± 9.99E-03   1.27E-01 ± 1.50E-02 

Uterus  na   1.65E-02 ± 5.87E-04 

Total Body 8.49E-03 ± 7.21E-04   1.02E-02 ± 8.60E-04 

Effective Dose Equivalent (mSv/MBq) 2.48E-02 ± 1.47E-03 * 3.14E-02 ± 1.78E-03 ‡ 

Effective Dose (mSv/MBq) 2.87E-02 ± 2.49E-03 † 3.53E-02 ± 2.87E-03 § 

 na = not applicable. * ca male vs nca male p = 0.055. † ca male vs nca male p = 0.181. ‡ ca female 
vs nca female p = 0.026. § ca female vs nca female p = 0.177. 
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Table 2 continued. Radiation absorbed estimates (mSv/MBq) for nca 123I-MIBG.  

  

nca 
123I-MIBG 

male   female 

mean ± SD   mean ± SD 

Adrenals 1.13E-02 ± 8.91E-04   1.41E-02 ± 1.18E-03 

Brain 8.01E-04 ± 1.04E-04   8.25E-04 ± 1.12E-04 

Breasts 3.29E-03 ± 2.72E-04   4.08E-03 ± 3.42E-04 

Gallbladder Wall 1.75E-02 ± 1.62E-03   2.17E-02 ± 2.12E-03 

LLI Wall 5.93E-02 ± 6.91E-03   6.50E-02 ± 7.89E-03 

Small Intestine 1.06E-02 ± 7.82E-04   1.34E-02 ± 1.03E-03 

Stomach Wall 7.27E-03 ± 6.30E-04   9.55E-03 ± 8.16E-04 

ULI Wall 4.76E-02 ± 5.58E-03   5.30E-02 ± 6.46E-03 

Heart Wall 3.48E-02 ± 5.98E-03   4.49E-02 ± 8.15E-03 

Kidneys 3.04E-02 ± 6.73E-03   3.41E-02 ± 7.80E-03 

Liver 5.23E-02 ± 7.47E-03   6.78E-02 ± 1.03E-02 

Lungs 2.13E-02 ± 3.08E-03   2.78E-02 ± 4.24E-03 

Muscle 9.14E-03 ± 8.97E-04   1.25E-02 ± 1.34E-03 

Ovaries  na   1.60E-02 ± 1.02E-03 

Pancreas 1.09E-02 ± 8.82E-04   1.40E-02 ± 1.20E-03 

Red Marrow 5.30E-03 ± 3.94E-04   6.42E-03 ± 5.06E-04 

Osteogenic Cells 8.90E-03 ± 7.82E-04   1.12E-02 ± 1.02E-03 

Skin 2.87E-03 ± 2.52E-04   3.50E-03 ± 3.28E-04 

Spleen 1.93E-02 ± 6.25E-03   2.37E-02 ± 7.96E-03 

Testes 5.19E-03 ± 2.83E-04                       na 

Thymus 6.21E-03 ± 5.63E-04   7.57E-03 ± 7.27E-04 

Thyroid 4.76E-02 ± 1.90E-02   5.67E-02 ± 2.43E-02 

Urinary Bladder Wall 8.32E-02 ± 8.86E-03   1.23E-01 ± 1.42E-02 

Uterus  na   1.66E-02 ± 5.02E-04 

Total Body 8.95E-03 ± 6.25E-04   1.08E-02 ± 7.51E-04 

Effective Dose Equivalent (mSv/MBq) 2.59E-02 ± 1.63E-03 3.28E-02 ± 1.34E-03 

Effective Dose (mSv/MBq) 2.94E-02 ± 1.69E-03 3.60E-02 ± 2.00E-03 

 na = not applicable. 
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would also be seen in human subjects, without major changes in dosimetry. Our find-

ings indicate that, in general, nca 123I-MIBG yields a higher relative myocardial uptake 

compared to ca 123I-MIBG (25%). The difference between nca 123I-MIBG and ca 123I-

MIBG in myocardial uptake did not result in major differences in estimated effective 

dose equivalents or effective doses.  

 

Semi-quantitative 123I-MIBG myocardial indices 

The observed higher myocardial uptake of nca 123I-MIBG as compared with ca 123I-

MIBG in humans is in line with previous studies. This difference was explained by a 

longer myocardial retention time (i.e. negative myocardial washout) for nca 123I-MIBG. 

Farahati et al. were the first to report the use of nca 123I-MIBG for myocardial scintigra-

phy in humans. In a limited number of healthy volunteers (n=3), planar-assessed nca 
123I-MIBG showed an increase in relative myocardial uptake compared with ca 123I-

MIBG. However, nca 123I-MIBG images were not superior to ca 123I-MIBG.21 The au-

thors related this lack in superiority to in-vivo deiodination, which resulted in higher 

background activity. However, in patients with ventricular arrhythmias, Samnick et al. 

showed that the relative myocardial uptake of nca 123I-MIBG as assessed with SPECT 

was higher than myocardial uptake of ca 123I-MIBG.22 These findings were similar to 

those reported in another cohort of patients evaluated for tachyarrhythmia.23 However, 

in none of these studies clinically relevant imaging parameters of myocardial 123I-MIBG 

uptake (i.e. early H/M, late H/M ratios and myocardial washout) were reported. In ad-

dition, the study of Knickmeier et al. made a comparison between different patient 

groups and no direct comparison was made between nca 123I-MIBG and ca 123I-MIBG 

within the same patient.23 Therefore differences between nca 123I-MIBG and ca 123I-

MIBG myocardial uptake may have been blunted by regression to the mean. Although, 

Faharati et al. reported on dosimetry of nca 123I-MIBG, data on radiation absorbed dose 

estimates were only obtained in one healthy subject. 

 

Dosimetry 

Data on radiation absorbed dose estimates for MIBG (123I or 131I) in human subjects are 

limited and are based on publications from the early 1980’s.24 The ICRP publication 53 
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presents estimates of the biokinetic model based on these early data.25 In the subsequent 

addenda to this ICRP publication (ICRP publication 80, based on some assumptions 

from ICRP publication 60) absorbed dose estimates for MIBG changed due to new as-

sumptions in specific absorbed fractions to calculate the S-values.26, 27 

Although a comparison between the early study of Jacobsson et al24 and our 

study reveals significant methodological differences (e.g. correction for attenuation, the 

number of time points studied), their effective dose estimates based on measurements 

with 131I-MIBG are of the same order of magnitude as those presented here. However, 

the higher absorbed dose estimate in our study is probably related to differences in the 

standard input models and methods used to calculate estimated absorbed doses 

(OLINDA/EXM). 

Our biodistribution data showed intestinal activity already in the early images. 

This is a reflection of the sympathetic intestinal activity. Sympathetic nerve fibers enter 

the intestinal wall along arteries and terminate in the mesenteric and sub-mucosal plex-

uses, and in the mucosa.19, 20 It is important to mention that sympathetic nerve fibers 

not only terminate in vessel walls or enteric plexuses in order to control vascular tone or 

secretomotor neurons but also end in the larger vicinity of blood vessels in the sub-

mucosa and mucosa. With respect to the Gut Associated Lymphoid Tissue (GALT), 

represented by the appendix and Peyer’s patches, sympathetic noradrenergic nerve fibers 

innervate both the vasculature and parenchymal fields of lymphocytes.20 The OLINDA/

EXM software estimates intestinal absorbed dose only on basis of intra-luminal activity 

and does not allow direct calculation of dose from intestinal wall to intestinal wall. 

Doses given by the software were manually corrected, retaining the photon dose contri-

bution, but correcting the electron dose contribution to reflect the appropriate target 

mass (details not shown). 

There were relatively small differences in radiation absorbed dose estimates be-

tween ca 123I-MIBG and nca 123I-MIBG. The difference between male and female dose 

estimates are related to the OLINDA/EXM input model based on a 73 kg adult male 

and 57 kg adult female model. The calculated radiation absorbed dose estimates for 

both ca 123I-MIBG and nca 123I-MIBG remain well within the range of doses acceptable 

in clinical nuclear medicine studies. Based on an averaged (male and female model) ef-
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fective dose equivalent of 0.03 mSv/MBq derived from the results of this study, both 

patients and human volunteers could be investigated with amounts of up to 185 MBq, 

which gives an average effective dose equivalent of approximately 5.6 mSv. In a 1988 

publication an average effective dose equivalent per patient from nuclear medicine pro-

cedures of 5 mSv was reported in Europe.28 In a more recent publication from the 

United States there is a tendency to a higher averaged effective dose equivalent per nu-

clear medicine procedure, up to 10 mSv.29 With respect to human volunteers, the aver-

age effective dose equivalent fell well within the range of 1 and 10 mSv of category IIb 

of ICRP publication 62.30 This is considered an acceptable risk for volunteers. 

Approximately 35% of injected 123I-MIBG was excreted by 6 h, with excretion 

starting within 30 minutes after injection. Due to this rapid urinary excretion, frequent 

voiding is to be recommended in order to minimize the absorbed dose, especially to the 

urinary bladder wall, but also to the gonads and other urinary bladder surrounding tis-

sues. 

 

Future perspective 

There is no consensus on the prognostic value of the semi-quantitative 123I-MIBG myo-

cardial indices in patients with heart failure. It is conceivable that the substantial higher 

myocardial uptake with nca 123I-MIBG will lead to a lower variability and therefore to a 

better correlation with other (clinical) parameters of heart failure. In line with this, it is 

to be expected that, compared to ca 123I-MIBG, nca 123I-MIBG may perform better in 

the assessment of prognosis. However, this remains subject for future studies. 

 

Conclusion 

No-carrier-added 123IMIBG yields a higher relative myocardial uptake and is associated 

with a lower myocardial washout. The difference between nca MIBG and ca MIBG in 

myocardial uptake did not result in major differences in estimated absorbed dose. For 

the assessment of cardiac sympathetic activity nca 123I-MIBG is therefore to be preferred 

over ca 123I-MIBG.  
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Abstract 

Background 

The aim of this paper is to examine whether cardiac resynchronization therapy (CRT) 

in patients with chronic heart failure (CHF) induces improvements in the neurohor-

monal system. 

 

Methods and Results 

Thirteen patients with CHF (left ventricular (LV) ejection fraction <35%) were in-

cluded. Before and after 6 months of CRT, myocardial 123I-meta-iodobenzylguanidine 

(123I-MIBG) uptake indices, used as an index of neural norepinephrine reuptake and 

retention, and brain natriuretic peptide (BNP) levels, used as an index of LV end-

diastolic pressure, NYHA classification and echocardiographic indices were assessed. Six 

months of CRT resulted in significant improvement in (1) NYHA classification and 

reduction in QRS width (p<0.001) (2) decrease of LV end-diastolic diameter (p=0.005), 

LV end-systolic diameter (p=0.005), septal to lateral delay (p=0.01) and mitral regurgi-

tation (MR, p=0.04), (3) delayed 123I-MIBG heart/mediastinum ratios improved 

(p=0.03) and 123I-MIBG washout decreased (p=0.001), and (4) BNP levels decreased 

(p=0.001). 

 

Conclusions 

Parallel to significant functional improvement and echocardiographic reverse remodel-

ing and resynchronization, our data indicate that CRT, in patients with CHF, induces 

favorable changes in the neurohormonal system.  
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Introduction 

Chronic heart failure (CHF) is a complex clinical syndrome resulting from any struc-

tural or functional cardiac disorder that impairs the ability of the ventricle to fill with or 

eject blood.1 The reduction in cardiac performance induces a series of neurohormonal 

adjustments, including an increase in atrial natriuretic peptide, brain natriuretic peptide 

(BNP), and activation of the renin-angiotensin-aldosterone system. Brain natriuretic 

peptide is mainly synthesized in the ventricles of the heart and reflects the left ventricu-

lar (LV) end-diastolic pressure, LV end-systolic and LV end-diastolic volume index.2 

Initially, the activation of the neurohormonal system functions as a compensatory 

mechanism but long term activation has many detrimental effects. The activated neuro-

hormonal system is reversibly correlated with the prognosis of CHF patients. Also, ele-

vated catecholamines are important predictors of HF mortality and morbidity.2 

Large scale pharmacological trials in CHF patients have shown that treatment 

with ACE-inhibitors, β-blockers and aldosterone inhibitors improves the imbalance in 

the neurohormonal system and thereby improve the prognosis of patients with CHF.3-5 

Cardiac resynchronization on top of optimal pharmacological therapy has al-

ready been shown to improve the symptoms of CHF, reduce hospital admission and 

improve LV function.6 A recent meta-analysis suggests that cardiac resynchronization 

therapy (CRT) also reduces mortality from HF.7 This is confirmed by the COMPAN-

ION study, the largest prospective trial yet.8 However, limited data are available 

whether functional improvement, induced by CRT, is related to changes in the neuro-

hormonal system.5,6 

Cardiac adrenergic nerve activity can be estimated by the use of iodine-123 

meta-iodobenzylguanidine (123I-MIBG), a noradrenaline analogue.9 123I-MIBG is a 

guanethidine analogue that shares the same uptake, storage and release pathway as nore-

phinephrine and has the potential to reflect the whole myocardial adrenergic path-

way.9,10 123I-MIBG myocardial uptake indices can be used as a predictor of prognosis in 

patients with CHF.11-14  

We prospectively studied a group of CHF patients to determine the 6 months 

effects of CRT on the neurohormonal system using 123I-MIBG scintigraphy and BNP. 
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Methods 

Patient population 

Thirteen consecutive patients with symptomatic CHF referred for implantation of a 

CRT device were included in the present study after informed consent. Patients received 

CRT according to the accepted criteria of ejection fraction <35%, QRS width >120 ms, 

and severe HF in NYHA functional classes III or IV despite maximally tolerated medi-

cal treatment for HF (American Heart Association Pacing/ICD guidelines).15 Patients 

were studied before pacemaker implantation (baseline) and 6 months after biventricular 

pacing. NYHA classification, QRS width, LV functional parameters using echocardi-

ography, 123I-MIBG myocardial uptake indices and BNP were assessed.  

 

Pacemaker system and implantation technique 

Commercially available biventricular pacemakers were used (Guidant, Minnesota, USA; 

Medtronic Minneapolis USA; St Jude Medical, California USA). The right atrial lead 

was positioned in the right atrial appendix and the ventricular lead was positioned in the 

right ventricular apex. The LV pacing lead was positioned in a posterior or lateral 

branch of the coronary sinus in all patients. A biventricular DDDR system was used in 

10 patients. In 3 patients the implantation of an internal defibrillator was also indi-

cated.15 In these patients a combined device was implanted. 

 

Cardiac MIBG imaging 

Patients underwent myocardial scintigraphy to determine 123I-MIBG uptake, used as an 

index of neural norepinephrine reuptake and retention. The analysis of the myocardial 

scintigraphy at baseline and after 6 months was blinded. To block thyroid uptake of free 
123I, all patients received 100 mg potassium iodide orally, one hour before the injection 

of 123I-MIBG. After a subsequent resting period of at least 30 minutes, patients were 

injected intravenously with approximately 185 MBq of 123-I-MIBG (Amersham Cygne 

BV, part of Amersham Health, Eindhoven, the Netherlands). Twenty minutes (early 

imaging) and 4 h (delayed imaging) after 123I-MIBG administration, a 10-minutes pla-

nar anterior image of the chest was acquired using a dual-head gamma-camera (e.cam, 
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Siemens, Hoffman Estate, Illinois, USA). A 20% energy window was centered on the 

159 keV photopeak of 123I. Images were acquired using a medium energy collimator and 

stored in 128x128 matrix. 123I-MIBG myocardial activity was measured using a manu-

ally drawn region of interest around the LV. Mediastinal activity was measured using a 

fixed 20x20 pixel region of interest placed over the upper mediastinum. Mediastinal and 

myocardial values are expressed as mean counts/pixel. To evaluate 123I-MIBG myocar-

dial uptake the heart/mediastinal ratio (H/M ratio) was calculated from the early and 

delayed images. Myocardial 123I-MIBG washout (WO) was defined as the percentage of 

change in activity from the early and delayed images: ([early H/M-delayed H/M] / H/M 

early) x 100. 

 

Echocardiography 

Patients were imaged in the left lateral decubitus position using 2D, M-mode and color-

Doppler and tissue Doppler echocardiography (Vivid 7, GE-Vingmed Ultrasound, 

Horten Norway). The left ventricular end-diastolic diameter (LVEDD) and left ven-

tricular end-systolic diameter (LVESD) were measured from the parasternal long axis 

view. Mitral regurgitation was semi-quantitatively classified in five degrees (0=none, 

1=minimal, 1.5=minimal to mild, 2=mild, 2.5=mild to moderate, 3=moderate, 

3.5=moderate to severe, 4=severe). 

Tissue Doppler data were obtained, when available, in the apical four-chamber 

view at frame rates above 100 fps. The resulting digital cine loops where transferred to a 

computer for offline analysis (Echo-Pac software, GE-Vingmed Ultrasound, Horten 

Norway). The simultaneous velocity curves of two selected (septal, lateral) LV segments 

were compared (using the 4-chamber view) for a mean of two consecutive beats to mini-

mize the variability between measurements. The LV tissue velocities were measured dur-

ing systole. Indicator of LV asynchrony is considered as the difference between the tim-

ing of the peak systolic velocities of the septum and lateral LV.16 For each patient the 

atrioventricular interval was individually adjusted to maximize the mitral inflow dura-

tion using pulsed doppler echocardiography on the first post-operative day.  
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BNP-concentration 

Blood for determination of the plasma BNP concentration was sampled from an intra-

venous canula. Patients were resting in supine position for at least 30 minutes before 

blood collection. The samples were withdrawn into evacuated ethylenediaminetetra-

acetic acid (EDTA) tubes and centrifuged at 4°C at 4000 rpm for 10 minutes. The sam-

ples were stored at –70°C until assay. Plasma BNP (pg/mL) was measured with the Tri-

age BNP Test (fluorescence immunoassay device, Biosite San Diego, USA).17 Using the 

Triage BNP test, the upper level of normal BNP was 100 pg/mL. 

 

Statistical analysis 

The data are expressed as mean ± SD. A paired t-test was applied comparing the 123I-

MIBG myocardial uptake indices and echocardiography parameters of LV function be-

fore and after 6 months of CRT. Changes in BNP measurements were expressed as per-

  Value 
(n=13) 

Age (year) 63.6 ± 12.8 

Male/female (%)  8/5 (61/39) 

IHD/non-IHD (%) 3/10 (23/77) 

NYHA 3.7 ± 0.4 

QRS duration (ms) 182.4 ± 18.2 

Medication   

  ACE inhibitor (%) 12 (92) 

  β-blocker (%) 9 (69) 

  Diuretics (%) 9 (69) 

  Spironolactone (%)  7 (54) 

  Digoxin (%) 5 (39) 

Values are given as mean ± SD or percentage; IHD = ischemic heart disease; NYHA = New York 
Heart Association. 

Table 1. Demographics and clinical variables.  
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centage change from baseline. A p<0.05 was considered to indicate a significant differ-

ence.  

Results 

Patient Population 

Thirteen patients were included in the study, 10 with non-ischemic heart disease. Table 

1 shows the demographics and clinical variables, including medication. All patients were 

in sinusrythm except for one patient who had chronic atrial fibrillation with slow atrio-

ventricular conduction. 

 

Clinical Parameters 

NYHA classification improved after 6 months CRT at least one class in all patients from 

3.7±0.4 to 2.2±0.6 (p<0.001). The QRS duration decreased significantly from 

182.7±17 to 155.0±14.6 msec (p<0.001). Medication was not altered during the pacing 

period but for furosemide, which had to be withdrawn in one patient and low dose di-

goxin, which was started in another patient. 

 

Echocardiography 

Biventricular pacing resulted in significant reduction of LVEDD from 74.2±8.6 to 

67.6±9.9 mm (p=0.005) and LVESD from 66.3±7.5 to 58.5±12.2 mm (p=0.005). Also 

mitral regurgitation decreased from 2.5±1.2 to 1.93±1.2 (p=0.04). The left ventricular 

ejection fraction increased from 14±4 to 21±8 % (p=0.007). There were no significant 

differences between the ejection fraction for the ischemic and non-ischemic patients. In 

6 patients tissue Doppler data were obtained. Septal to lateral delay decreased after 6 months 

of pacing from 93.3±39.3 to 26.0±5.8 msec (p=0.01, see Table 2). 

 

Cardiac MIBG imaging 

After 6 months of biventricular pacing, early 123I-MIBG H/M ratio remained un-

changed (from 1.4±0.1 to 1.5±0.1, p=0.224). Late 123I-MIBG H/M ratio increased from 

1.3±0.2 to 1.4±0.2 (p=0.03). 123I-MIBG washout significantly decreased from 
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40.2±12.0 to 28.3±6.1 (p=0.001, Figure 1 and Table 2). The change in H/M ratios and 

myocardial washout were not significantly different for ischemic (H/Mearly: 0.0; H/Mlate:0.1; 

washout:12 %) and nonischemic (H/Mearly: 0.1; H/Mlate:0.1; washout: 11 %) CHF patients. 

 

BNP-concentration 

BNP levels decreased significantly 1003±845 to 378±488 pg/mL (p<0.001) at 6 

months. There was a large inter-individual variability in the measured BNP values, ex-

  Baseline 

Patients 
 

LVEDD
(mm) 

 

LVESD 
(mm) 

 

MI 
(1–4) 

 

LVEF
(%) 

 

SL 
delay
(ms) 

 

BNP 
(pg/mL) 

 

123I-MIBG 

WO 
(%) 

 

Late 
H/M 

 

1 83 76 3.5 10 - 316 55.8 1.2 

2 84 76 2.5 10 95 2140 51.4 1.1 

3 66 57 2.5 20 - 576 37.3 1.6 

4 76 60 0 21 97 110 35.8 1.3 

5 68 63 3.5 10 93 2140 36.5 1.3 

6 69 64 2 15 - 529 64 1.1 

7 79 73 3.5 15 - 152 43.8 1.3 

8 72 64 3.5 15 - 614 27.3 1.4 

9 56 52 3.5 15 - 2420 48.1 1.1 

10 71 68 3 10 90 1013 24.1 1.3 

11 74 66 0 13 90 1024 30 1.5 

12 88 75 2 10 97 - 30.3 1.3 

13 78 68 3 15 - - 38.3 1.1 

Mean 
(SD) 

74.2 
(8.6) 

66.3 
(7.5) 

2.5 
(1.2) 

13.8 
(3.8) 

93.7 
(3.2) 

1003.1 
(845.3) 

40.2 
(11.8) 

1.3 
(0.2) 

  

Table 2. Echocardiographic data, 123I-MIBG data, and BNP before CRT. Continued on next page.  
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pressed by the large SD. After 6 months of biventricular pacing, the normalized BNP 

level (baseline value set at 100%) significantly decreased with a mean of 53.4 ± 29.7% 

(p<0.001, range of decrease 13% - 93%) (Figure 2). In one patient BNP could not be 

measured for technical reasons. There was no correlation (Pearson) between the 123I-

MIBG indices and BNP.  

  After 6 months of CRT 

Patients 
 

LVEDD
(mm) 

 

LVESD 
(mm) 

 

MI 
(1–4) 

 

LVEF
(%) 

 

SL 
delay
(ms) 

 

BNP 
(pg/mL) 

 

123I-MIBG 

WO 
(%) 

 

Late 
H/M 

 

1 82 75 3.5 10   275 38 1.3 

2 85 77 2.5 15 20 1340 38.6 1.2 

3 59 51 2 35   133 22.3 1.4 

4 59 37 0 29 25 58 27 1.5 

5 67 61 3.5 10 26 1440 24.9 1.3 

6 61 52 1 30   110 26.4 1.3 

7           236 30.2 1.4 

8 59 52 1 25   41 23.6 1.7 

9 56 46 2.5 25   474 34.8 1.4 

10 63 54 2.5 20 35 180 24.5 1.4 

11 68 58 0 13 30 131 18.6 1.4 

12 74 70 2 20 20 115 29.2 1.8 

13 78 69 2 20     24.1 1.4 

Mean 
(SD) 

67.6 
(9.9) 

58.5 
(12.2) 

1.93 
(1.2) 

21.0 
(8.1) 

26.0 
(5.8) 

377.8 
(487.2) 

27.9 
(6.1) 

1.4 
(0.2) 

  

Table 2 continued. Echocardiographic data, 123I-MIBG data, and BNP after 6 months of CRT  
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Discussion 

This study showed that CRT induced improvement of functional parameters, in pa-

tients with severe CHF and broad QRS, is accompanied by favorable changes in neuro-

hormonal system. These favorable changes are illustrated by a significant decrease of 

BNP combined with a reduction of 123I-MIBG washout and improved delayed H/M 

ratio. In accordance with previous studies, clinical improvement was also obtained, indi-

cated by the lower NYHA class, increase of LV ejection fraction, decrease of mitral re-

gurgitation, echocardiographic reversed remodeling and resynchronization of the 

LV.6,16,18,19 All patients had a clinical response to CRT. This was in line with the large 

septal to lateral delay and the very broad QRS complexes. 

 

CRT and 123I-MIBG 

Previous studies have shown that 123I-MIBG is capable of visualizing the improved neu-

rohormonal status in CHF patients treated with β-blockers and ACE- inhibitors.3,4 In 

these studies, 123I-MIBG WO decreased and late 123I-MIBG H/M ratio increased. 

Agostini et al. showed an increased cardiac 123I-MIBG uptake after 6 months treatment 

with carvedilol in CHF patients (NYHA II or III).3 Somsen et al. observed a similar in-

Figure 1. 123I-MIBG myocardial washout before and after 6 months of CRT  

0

10

20

30

40

50

60

70

Baseline After 6 months of CRT

P = 0.001

1
2
3
I-

M
IB

G
w

a
sh

o
u
t

(%
)



Resynchronization and neurohormonal changes 

123 

crease in myocardial 123I-MIBG uptake after 6 weeks of treatment with the ACE- in-

hibitor enalapril.20 In addition Fukoka et al. found a decrease in 123I-MIBG WO after 

therapy with metoprolol.21 Our findings show analog to these studies an increase of car-

diac 123I-MIBG uptake and less competition between plasma noradrenaline and 123I-

MIBG reflected by a decreased washout after 6 months of CRT. This may also reflect a 

restoration of pre-synaptic cardiac sympathetic nerve function. In addition, also the de-

crease of isolated, nonischemic mitral regurgitation can induce the favorable neurohor-

monal changes.19 The favorable changes found in this study are at least on top of ACE-

inhibitors and in half of the patients also on top of β-blockers. In contrast to these fa-

vorable changes after CRT, previous studies showed worsening of 123I-MIBG parameters 

after sole right ventricular pacing.22 

Our data supports that CRT induces reduced sympathetic activity as expressed 

by an improved 123I-MIBG WO. The recent study of Adamson et al. reported that CRT 

induces a relative shift in cardiac autonomic balance toward a more favorable profile 

that is less dependent on sympathetic activation.23 However, they failed to show a clear 

reduction in sympathetic activity since they did not find a change in plasma catechola-

mines. This difference in findings might be explained by difference in patient popula-

tion and used measurements of sympathetic activity. Moreover, more severe asynchrony 

Figure 2. BNP before and after 6 months of CRT  
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may have been present in our patient population given the wider QRS-complex and 

larger LV diameters. Another striking difference between our study and the study of 

Adamson et al. is the longer pacing period of 6 months compared to 3 months. 

Whether this difference can explain the differences in plasma catecholamines remains 

unclear. 

The improvement in 123I-MIBG parameters may have prognostic implications. 

Decrease of MIBG uptake is probably a late event in the history of the disease, explain-

ing its prognostic value in end-stage CHF.24 It has been shown that cardiac 123I-MIBG 

imaging, especially cardiac 123I-MIBG WO, has prognostic value in patients with 

CHF.11-14 WO is more useful as an index of adrenergic nervous activity because it is in-

dependent of the number of neurons available, whereas the 123I-MIBG H/M activity 

ratio is not. Therefore, although the 123I-MIBG H/M ratio and 123I-MIBG WO repre-

sent different functions of adrenergic presynaptic activity, washout may be a more accu-

rate marker of severity of CHF. 

 

CRT and plasma BNP 

In our study, plasma BNP levels decreased significantly after 6 months of CRT 

(p<0.001) in all patients, although there were important interindividual differences, as 

frequently observed in CHF patients. Pressure and volume overload of the cardiac 

chambers stimulate enhanced production and release of natriuretic peptides. These pep-

tides result in natriuresis, diuresis, vasodilatation and the suppression of the renin-

angiotensin-aldosterone mechanism and are increased in patients with systolic or dia-

stolic dysfunction, volume overload, and CHF, regardless of the underlying cardiovascu-

lar disease.25 

Atrial and brain natriuretic peptides are elevated in patients with CHF, and 

these peptides, especially BNP, are independent prognostic parameters.26-28 Not only are 

the natriuretic peptides important predictors of CHF mortality and morbidity, but 

changes in these neurohormones over time are associated with corresponding changes in 

mortality and morbidity.2 Among the neurohormonal parameters (norepinephrine, 

renin activity, aldosterone, arginine-vasopressin and endothelin) BNP is the strongest 

marker for LV dimensions and LV ejection fraction in patients with systolic CHF.29 
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As has been previously shown, short term CRT results in a significant decrease 

in BNP levels in CHF patients, but long term data about the effects of CRT on BNP 

are limited.23,30 Sinha et al. studied the usefulness of BNP release as a surrogate marker 

of the efficacy of 6 months effect of CRT in 17 patients. After already 6 months of pac-

ing, CRT was inactivated using a backup mode (VVI 40 beats/min) for 10 days ± 3 days 

and then reinitiated using the same stimulation parameters. BNP levels were measured 

after 6 months of pacing just before discontinuation CRT, at the last day before and 10 

days after CRT reinitiating. Although in the study of Sinha et al., the baseline BNP lev-

els (before CRT) was not measured, they showed that BNP levels significantly increased 

immediately after short-term CRT termination and decreased again after CRT reinitiat-

ing. In addition to the data of Sinha et al., we showed that already in the first 6 months 

the BNP level is reduced. These data indicate that BNP might be a reliable marker to 

assess the effect of CRT and also guide medical intervention in case of worsening HF 

during CRT therapy. 

 

Limitations 

There are some potential limitations to the present study. It has been shown that some 

β-adrenoreceptorblockers and it has been suggested that some ACE-inhibitors may in-

fluence myocardial 123I-MIBG uptake. As medication was obviously not withdrawn in 

the present study this could have influenced absolute myocardial 123I-MIBG uptake 

measurements. On the other hand, as medication was not altered, measured differences 

in 123I-MIBG uptake will still reflect the effect of CRT. 

Another possible limitation might be that in the present study we did not per-

form tomographic imaging. However, especially in patients with end-stage CHF it is 

extremely difficult to obtain adequate tomographic acquisitions, due to poor contrast 

between myocardium and surrounding tissue. 

Furthermore, the present study might be limited by the lack of a control group. 

However, in light of clinical evidence, it is not ethical to withhold CRT in a control 

group with severe CHF and clear indications for CRT. 
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Conclusions 

Cardiac resynchronization therapy induces favorable changes in the neurohormonal sys-

tem already within the first 6 months in patients with severe CHF.  
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Abstract 

Background 

Single-center experiences have shown scintigraphic imaging of myocardial sympathetic 

neuronal function with the norepinephrine analog meta-iodobenzylguanidine (MIBG) 

to have prognostic value in chronic heart failure (CHF) patients. To verify these 

observations using rigorous clinical trial methodology, cardiac 123I-MIBG scans 

performed during a 10-year period at multiple centres in Europe were prospectively 

reanalyzed. 

 

Methods and Results 
123I-MIBG scans obtained on 290 CHF patients (82% male; 58% dilated cardiomyopathy) 

from 1993-2002 were reanalyzed to determine the heart-to-mediastinum ratio (H/M). Major 

cardiac events (MCE) (cardiac death; cardiac transplant; potentially fatal arrhythmia 

[including ICD discharge]) during 24-month follow-up were confirmed by an adjudica-

tion committee. MCEs occurred in 67 patients (23%): 18 deaths, 44 transplants, 5 ar-

rhythmic events. Mean H/M was 1.51±0.30 for MCE group, 1.97±0.54 for non-MCE 

group (p<0.001). Optimum H/M threshold for MCE prediction per ROC curves was 

1.75 (sensitivity 84%, specificity 60%, odds ratio 7.6 [p<0.0001]). Two-year event-free 

survival was 62% for H/M<1.75, 92% for H/M≥ 1.75. Logistic regression showed H/M and 

left ventricular ejection fraction as significant predictors of MCE. Using H/M of 1.4 and 2.0 

as high- and low-risk thresholds, two-year event-free survival was 45% for H/M<1.4, 

95% for H/M≥ 2.0. Considering only cardiac death as an endpoint, 2-year event rate 

decreased from 21% for H/M<1.4 to 0% for H/M≥ 2.2. Among low-risk patients with 

LVEF≤ 35% and H/M≥ 2.0 (n=39), there were 3 MCEs, all due to progressive HF (1 death, 

2 transplants), none to arrhythmias.  

 

Conclusion  
123I-MIBG imaging to assess cardiac sympathetic innervation has powerful prognostic value in 

CHF patients. In addition, the data suggest that a quantitative threshold for low-risk for 

cardiac mortality and potentially fatal ventricular arrhythmias can be defined.  
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Introduction 

In Europe, the prevalence of chronic heart failure (CHF) is estimated as about 1% 

(approximately 4 million patients in Western Europe), while in the United States, the 

number of HF patients is approximately 5 million.1-3 About $30 billion in costs, a mil-

lion hospitalizations and 55,000 deaths are directly attributed to CHF in the US annu-

ally.3 In addition to the morbidity and mortality associated with ventricular dysfunc-

tion, there is also an increased incidence of sudden cardiac death (SCD) in CHF pa-

tients with more severely reduced left ventricular ejection fraction (LVEF) (<30-35%).4-6 

Although medical therapies for CHF have been successful in reducing morbidity 

and extending survival, in recent years there has been rapid increase in usage of im-

planted devices as primary treatment for this condition.7-9 This evolution in manage-

ment strategy has had an increasing economic impact on health care budgets in the US 

and Europe and has stimulated interest in tests capable of providing insight into future 

risk for heart failure progression and arrhythmic SCD.10, 11 One potential area for such 

testing is the sympathetic innervation of the heart, both because of its involvement in 

the regulation of myocardial contractility and the possible link between catecholamine 

hypersensitivity and ventricular arrhythmias.12-14 

Radiolabelled meta-iodobenzylguanidine (123I-MIBG) or iobenguane (123I), an 

analog of the false neurotransmitter guanethidine, localizes in adrenergic nerve terminals 

primarily via the norepinephrine (NE) transporter (uptake-1) system.15-17 In the past 

two decades, a large number of investigators have demonstrated decreased myocardial 
123I-MIBG uptake in CHF patients and have shown that those with the lowest uptake 

tend to have the poorest prognosis.18-28 There have also been findings suggesting that 

abnormalities of myocardial 123I-MIBG uptake may be predictive of increased risk for 

ventricular arrhythmia and SCD.29, 30 

Although there have been a large number of publications on cardiac 123I-MIBG 

imaging in CHF, application of the findings to clinical patient management has been 

constrained because of relatively small sample sizes and limited standardization of quan-

titative analysis techniques among studies. The present multicenter study was performed 
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to demonstrate that reproducible quantitative results could be obtained through applica-

tion of a standardized methodology for processing and analysis of previously acquired 
123I-MIBG myocardial images. The results of these analyses were then used to confirm 

past observations that cardiac 123I-MIBG imaging results were predictive of CHF patient 

risk for experiencing a potentially fatal cardiac event. 

Methods 

Subject eligibility 

The study was designed to re-evaluate the results of 123I-MIBG imaging studies per-

formed prior to 2003 in male and female subjects ≥ 18 years of age with NYHA class II-

IV CHF (as defined at the time by the local clinicians). Potential investigators were re-

cruited for this ‘retrospective’ study based on their access to 123I-MIBG scintigraphic 

results obtained clinically or as part of investigator-initiated prospective trials. Require-

ments for inclusion of subjects were: availability of original digital image files containing 

at least an anterior planar chest image acquired a minimum of 2 hours post-injection of 
123I-MIBG; existence of data for LVEF determined by an accepted method (e.g., echo-

cardiography, radionuclide ventriculography, or contrast ventriculography) within 6 

months of the 123I-MIBG imaging procedure; and access to medical records document-

ing subject clinical status at 2 years post-123I-MIBG imaging. Ethics Committee (EC) 

approval to access archived patient records was obtained at all participating centers. If 

the investigator or EC required that subjects be re-consented, written informed consent 

was obtained prior to collection of study data. 

 

Image data analysis 

Investigational sites sent copies of all digital image files to an Imaging Core Laboratory 

(ICL) for evaluation and analysis. These files consisted of anterior planar images of the 

chest acquired at 15-40 minutes (“early”) and 2-7 hours (“late”) post-injection of 123I-

MIBG (mean administered activity 164 MBq [4.5 mCi]), and 123I-MIBG and myocar-

dial perfusion imaging (MPI) SPECT studies. As the large majority of subjects had only 

late planar 123I-MIBG images available, the handling, analysis, and data from these im-

ages are the sole focus of this paper. 
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Figure 1. Examples of processing procedure for late planar 123I-MIBG images (A) and subject images 
with low and high H/M ratios (B,C). A) The positioning of the mediastinum ROI was standardized in 
relation to the lung apex, the lower boundary of the upper mediastinum, and the midline between the 
lungs. ‘x’ represents the central pixel of the M ROI as determined by this procedure. B) 57 year-old 
male subject with class III HF, LVEF of 15%, and H/M of 1.1 who required heart transplantation. C) 52 
year-old female with class II HF, LVEF of 24%, and H/M of 2.2 who did not experience a MCE during 
follow-up. Etiology of CHF for both subjects was non-ischemic cardiomyopathy. (Left images without, 
right images with H and M ROIs). 
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An experienced nuclear medicine technologist not affiliated with the ICL proc-

essed all the planar images to determine the heart/mediastinum (H/M) ratio. The heart 

region of interest (ROI) was drawn manually to include both ventricles and any atrial 

activity that was clearly visible. A square mediastinal ROI was drawn in the upper medi-

astium, using the apices of the lungs as anatomic landmarks (Figure 1). For images ac-

quired in 128x128 matrix, this ROI was 7x7 pixels in size; for 256x256 images, the 

ROI size was 13x13 pixels. The H/M ratio was calculated as the ratio of the counts/

pixel in the two ROIs. 

The images were reviewed by three independent readers who had no knowledge 

of the subject clinical status. For each planar image, the reader examined the ROIs de-

fined by the processing technologist and the resultant H/M ratio and determined if the 

value accurately reflected his/her visual assessment of 123I-MIBG uptake. If the ROIs 

were judged to be incorrectly positioned, the reader directed the technologist to make 

the desired changes, and a new H/M ratio was determined and recorded for the particu-

lar subject. 

The H/M accepted by at least two blinded readers was used in subsequent analy-

ses. If this criterion was not satisfied, an average H/M value was calculated. If two or 

three readers considered an image non-diagnostic, the subject was excluded from the 

efficacy analyses. 

 

Clinical data analysis  

Investigators collected data on the survival status of each subject as of 2 years post-123I-

MIBG imaging. The collection of data only to two years was a compromise intended to 

provide complete information at a fixed time point (rather than using a time-to-event 

model with variable length of follow-up) that would inform decisions regarding the de-

sign of future prospective studies. For subjects who were deceased, available information 

to determine the cause of death was recorded. For subjects who were alive at 2 years, 

information concerning cardiac events that occurred during the preceding 24 months 

was documented.  In most cases, original source documents were extracted but not pro-

vided for central review. 
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The data collected at the investigational sites were presented to a Clinical End-

point Adjudication Committee (CEAC) for review. The CEAC, composed of three car-

diologists with experience in the assessment of CHF patients, reviewed subject clinical 

data for the 24 months following the 123I-MIBG examination but was blinded to the 

MIBG imaging results. The remit of the CEAC was to determine if a major cardiac 

event (MCE) had occurred. A MCE was defined as either: (1) Cardiac death due to all 

causes, including myocardial infarction (MI), progressive heart failure, and SCD; 

(2) Cardiac transplant; (3) Potentially fatal arrhythmic event, including resuscitated car-

diac arrest, sustained ventricular tachyarrhytmia, or appropriate ICD discharge. The 

specification of SCD was usually provided by the investigator based upon occurrence of 

death unexpectedly and without an apparent non-cardiac etiology. If the supporting 

data provided were insufficient to confirm occurrence of an event as reported by the in-

vestigator, the CEAC placed the subject in the “no event” category. 

 

Statistical analyses 

The objectives of the study analyses were as follows. 

 

Primary: 

• To demonstrate the utility of quantitative myocardial 123I-MIBG uptake in sub-

jects with New York Heart Association (NYHA) Class II-IV CHF who had or 

had not experienced an MCE during a 24-month follow-up period as measured 

by the H/M ratio. 

Secondary: 

• To identify the H/M threshold that provided the best combination of sensitivity 

and specificity for identifying subjects with NYHA Class II-IV HF who 

experienced an MCE;  

• To evaluate the association between the H/M ratio and occurrence of MCEs 

using the odds ratio; 

• To investigate myocardial 123I-MIBG uptake in combination with other clinical 

parameters (age, gender, LVEF, NYHA classification, etiology of CHF 
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(ischemic/non-ischemic), CHF medications) to determine whether the 

prognostic value of the H/M ratio was independent of these other parameters. 

 

The CHF subjects were divided into two groups, those who did and did not 

experience an MCE. Within each subset, subjects were identified as negative if their H/

M ratio was equal to or greater than a threshold value or positive if their H/M ratio was 

below that threshold. A Receiver Operator Characteristic (ROC) curve was then 

constructed based upon Sensitivity and Specificity across the range of sampled ratios, 

and Area Under the Curve (AUC) for the resulting ROC model was calculated. The 

AUC was tested for statistical significance using a two-side test, with p<0.05 considered 

significant. 

As high sensitivity with reasonable specificity (>50%) was deemed necessary for 

the utility of the H/M ratio measurement, the optimal H/M was selected from the point 

on the ROC curve where the absolute increase in sensitivity became less than the 

decrease in specificity (slope<1). The visually-estimated inflection point was confirmed 

using separate curves plotting sensitivity and specificity versus H/M ratio. The odds 

ratio for MCE using the optimal H/M ratio value was calculated. 

A predictive model for determining risk of experiencing an MCE was estimated 

using logistic regression with stepwise forward addition of variables. The primary model 

contained only the H/M ratio as the independent and MCE as the dependent variable. 

The analysis was then repeated adding the other parameters listed above. 

Subgroup analyses examining only NYHA class II and III subjects and only sub-

jects with LVEF≤ 35% were performed. Additional analyses considering only “hard” 

events (deaths) and separating MCEs into arrhythmic (SCD, ICD discharge, etc) and 

non-arrhythmic were also performed. Group differences were tested using Chi-square 

statistics and t-tests, with statistical significance set at p<0.05. 

Tabulations of summary statistics, graphical presentations, and statistical analy-

ses were performed using SAS® software (SAS institute, Cary, North Carolina, USA). 
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The authors had full access to the data and take responsibility for its integrity. All au-
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RESULTS  

Population details 

Data for 290 CHF subjects from six sites in five European countries were submitted and 

reviewed by the image blinded readers and the CEAC (Table 1). The 123I-MIBG scans 

had been performed between 1993 and 2002, with 70% (n=203) performed from 1998 

onward. The baseline characteristics of the study subjects are summarized in Table 2. 

Due to the age of the earliest exams, complete clinical data on some subjects (especially 

cardiac medications) could not be retrieved. Of the 240 subjects for whom complete 

medication information was available, use of relevant CHF therapeutics was as follows: 

ACE inhibitors/ARBs: 214 (89%); β-blockers: 174 (73%); aldosterone inhibitors: 99 

(41%); Amiodarone: 70 (29%). Less than 5% of subjects had an ICD either at the time 

of 123I-MIBG imaging or during the following two years. 

LVEF ranged from 7-85% (mean 32%), with 262 subjects (90%) having values 

<50% and 191 (66%) ≤ 35%. Due to the retrospective nature of the subject selection 

process (based upon which patients had originally undergone 123I-MIBG imaging), it 

was not possible to determine the number of subjects with normal LV function who 

had CHF symptoms on the basis of diastolic or right ventricular (RV) dysfunction. 

The CEAC determined that 67 subjects (23% of the study population) experi-

enced MCEs during the two years following 123I-MIBG imaging. The majority of events 

were heart transplantation (n=44; 66%). There were 18 cardiac deaths, 5 of which were 

Site Location Number Subjects Imaging Collimator 

2 Italy 12 Low-energy High-Resolution 

3 Netherlands 24 Medium-energy 

4 France 196 Low-energy High-Resolution 

5 France 41 Low-energy General Purpose 

6 Spain 9 Low-energy General Purpose 

7 Slovakia 8 Low-energy High-Resolution 

Total   290   

Table 1. Subject enrolment by site.  
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documented as sudden. For nine of the 18 deaths, investigator records could only con-

firm a cardiac etiology (based upon original record reviews performed in the 1990s) 

without further characterization of the terminal events. Five subjects had non-fatal ar-

rhythmic MCEs, including one resuscitated cardiac arrest and one appropriate ICD dis-

charge. Subjects with MCEs had lower LVEFs were more likely to have NHYA class III, 

and were less likely to be taking β-blockers than hose who did not have MCEs 

(Table 3). 

The three blinded readers accepted the same H/M ratio for 265 subjects (91%). 

For 21 subjects (7%), two readers accepted the same ratio, and this value was used for 

the consensus efficacy analysis. In the four remaining cases, each reader accepted a dif-

ferent H/M ratio (one image was judged non-diagnostic by one reader, such that only 

Variable Subgroup Number (% of group) 

Gender Male 236 (81.4%) 

  Female 54 (18.6%) 

Race Caucasian 243 (83.5%) 

  Asian 5 (1.7%) 

  Black 2 (0.7%) 

  Other* 41 (14.1%) 

Age (Years) Mean 52.8 

  SD 10.9 

  Range (Min-Max) 21.0-83.0 

NYHA Class II 165 (57%) 

  III 116 (40%) 

  IV 9 (3%) 

HF etiology Ischemic 121 (42%) 

  Non-ischemic 169 (58%) 

SD=Standard Deviation. *Information not provided. 

Table 2. Subject demographics.  
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two ratios were validated). For the consensus analysis, the mean of the H/M ratios for 

these four subjects was used. The difference between the highest and lowest accepted H/M 

ratio was >0.1 only for the subject with two values (1.16 and 1.46; mean 1.31). Overall, the 

inter-reader correlations between H/M ratios was 0.99. 

 

Primary efficacy findings 

Using the consensus results, there was a significant difference between the H/M 

ratios for CHF subjects with MCE (mean H/M=1.51) versus those without MCE 

(mean H/M=1.97) (p<0.0001). 

The primary efficacy analysis used the ROC curves constructed based upon sen-

sitivity and specificity for identifying MCE across the range of sampled H/M ratios. The 

Characteristic   
Subjects with 
MCE (n=67)

(*) 

Subjects  
without MCE 
(n=223)(*) 

Statistical 
Comparison 

Gender: Male 60 (90%) 177 (79%) ns 

  Female 7 (10%) 46 (21%)   

Mean Age (yr) (Range)   53.1 (23-70) 52.7 (23-83) ns 

Mean LVEF (%) (Range)   23.7 (9-43) 34.8 (7-85) p<0.001 

Medication ACEI/ARB 36 (73%) 178 (89%) ns 

  Beta blocker 26 (53%) 149 (74%) p<0.01 

  Aldosterone 
Inhibitor 19 (39%) 60 (40%) ns 

HF class: NYHA II 23 (34%) 142 (64%) p<0.01 

  NYHA III 37 (55%) 79 (35%)   

  NYHA IV 7 (11%) 2 (1%)   

HF Etiology: Ischemic 31 (45%) 90 (40%) ns 

  Non-ischemic 36 (55%) 133 (60%)   

Mean H/M ratio   1.51 1.97 p<0.0001 

* Percentage of subjects with specified MCE results. # Subjects with medication data: 49 MCE+, 200 
MCE-. 

Table 3. Subject characteristics for MCE populations. 
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Area Under the Curve (AUC) and the 95% Confidence intervals were 0.77 (0.71, 0.83) 

for each of the three readers individually and for the consensus H/M ratio results 

(Figure 2). As a test with no discriminative power would result in an AUC not different 

from 0.5, these results were highly significant (p<0.001). 

The estimated optimal H/M ratio for discriminating between subjects who 

would or would not experience a MCE was 1.75. This threshold resulted in a sensitivity 

of 84% and specificity of 60% for prediction of MCE. The odds ratio associated with 

this threshold value was 7.6 (p<0.0001). Two-year event-free survival was 62% for H/

M<1.75, 92% for H/M≥ 1.75 (p<0.00001). There were equal numbers of subjects with 

H/M<1.75 and H/M≥ 1.75 (n=145 each). 

 

Figure 2. ROC curve for H/M ratio as a predictor of occurrence of MCE. Inflection point representing 
the best discrimination of subjects with and without MCE (H/M=1.75) is shown. 
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Secondary and Subgroup Efficacy Evaluations 

The primary model containing only the H/M ratio as the independent and MCE as the 

dependent variable determined the H/M ratio to be a significant predictor for risk of 

experiencing an MCE (p<0.0001). The logistic regression analysis with forward stepwise 

selection showed the H/M ratio to be the strongest independent predictor (Chi-square 

39, p<0.0001). LVEF was the only other variable with significant independent 

predictive capacity (Chi-square 14, p<0.0005). An additional analysis on the subset of 

subjects for which cardiac medication data were available did not identify any category 

of drug as contributing to the prediction of occurrence of MCE. 

Data shown in Figure 3 present two-year MCE event rates for different ranges 

of H/M ratios. More than 50% of subjects with H/M ratio <1.4 experienced MCEs, 

compared to only 5% of those with H/M ratio >2.0. Excluding the nine subjects with 

NHYA class IV CHF (seven of whom experienced MCEs), the results demonstrated the 

same progressive decline in event rate with increasing H/M ratio. 

Figure 3. Two-year MCE rates plotted against H/M ratios, demonstrating progressive decrease in 
events with increasing cardiac uptake of 123I-MIBG. The only significant change produced by exclusion 
of NHYA class IV CHF subjects (nine subjects, 7 MCEs) is the reduction of MCE rate for H/M ratio <1.4 
from 53.8% to 47.8%.  

60

50

40

30

20

10

0

<1,4 1,4 - 1,79 1,8 - 2,19 >2,2

All subjects (n=290) NYHA class II and III (n=281)

Late H/M ratio

2
-y

r
M

C
E

ra
te

(%
)

52 46 100 98 70 69 68 68N:



Chapter 7 

144 

In order to further refine the study observations, data were grouped into three 

H/M ranges estimated to reflect high-, intermediate-, and low-risk for occurrence of 

MCEs (<1.4, 1.4-1.99, and ≥ 2.0 respectively). The interactions of LVEF and H/M 

ratio over the entire range of LVEF results and with the population divided into subjects 

with LVEF≤ 35% (n=191) and those with LVEF>35% (n=99) (31) are shown in 

Figures 4 and 5 respectively. Selection of the H/M ratio for defining low-risk is also 

examined in Figure 6. 

Event rates for subjects with low LVEF (<40%) were highest for those with the 

lowest H/M ratios (<1.4) (Figure 4). This predominantly reflected the high incidence of 

terminal HF events, represented in this study by cardiac transplants (Table 4). Overall, 

two-year event-free survival in subjects with H/M ratio <1.4 was 45%. For intermediate 

risk subjects (H/M 1.40-1.99), there was less consistency in event rates in relation to 

LVEF, in part because this group had a higher incidence of less predictable arrhythmic 

events. Subjects with H/M ratio ≥ 2.0 and near normal or normal LVEF had very low 

MCE rates, consistent with the lesser degrees of LV contractile and sympathetic 

neuronal dysfunction. Two-year event-free survival for subjects with H/M ratio ≥ 2.0 

was 95%, and selecting a H/M ratio as high as 2.2 resulted in an even lower 2-year 

likelihood of a MCE (Figure 6). 

Figure 4. Two-year MCE rates plotted against H/M ratios and LVEF results. Almost all MCEs occurred 
in subjects with LVEF<40%, the largest proportion among those with H/M ratio <1.4. 
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In addition to the 18 deaths adjudicated as MCEs, six subjects died following 

cardiac transplantation and one died shortly after CABG surgery. The relationship 

between cardiac death and H/M ratio is shown in Figure 7. Both for all Class II/III HF 

subjects and for the subgroup with LVEF ≤ 35%, the H/M ratio was a predictor of 

mortality risk, with total death rates of 18.8%/21.1% and MCE death rates of 

12.5%/13.2% respectively for H/M <1.4 versus 0% for H/M ≥ 2.2 (p<0.05). 

Among subjects with H/M ratio ≥ 2.0 and LVEF ≤ 35% (n=39), there were 3 

MCEs, all due to progressive HF (1 death, 2 transplants) (Table 3). No arrhythmic 

events were documented during the two-year follow-up in this group. 

Discussion 

The present study represents the first multi-center experience employing blinded image 

analysis to validate the significance of reduced cardiac NE transporter function in pa-

tients with CHF. The results demonstrated a strong relationship between H/M ratios 

and occurrence of major cardiac events. This relationship remained significant even 

when LVEF and other parameters were included in the analysis. In addition, the data 

Figure 5. Two-year MCE rates plotted against H/M ratios and LVEF presented as a binary set divided 
at LVEF of 35%. Even for the higher LVEF group, there is a trend for higher event risk with lower H/M 
ratios.  
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permitted identification of potential H/M ratio threshold values for defining groups 

with high and low likelihood of cardiac events. 

Radiolabeled meta-iodobenzylguanidine was originally developed in the late 

1970’s as an agent for imaging of the adrenal medulla. However, it was recognized at an 

early stage that 123I-MIBG also localized in the myocardium via the same mechanisms as 

in other tissues with rich sympathetic innervation, primarily through the NE transporter 

(uptake-1) system.16 123I-MIBG myocardial imaging has been extensively investigated in 

Europe and Japan during the past fifteen years, and these studies have provided a wealth 

of information concerning the degree and regional patterns of reduced sympathetic neu-

ronal function in patients with heart disease.18-28 More recently, the focus of many inves-

tigators has shifted from clinical observation to clinical outcomes that can be predicted 

based upon 123I-MIBG findings, particularly progression (or regression) of LV dysfunc-

tion and HF symptomatology and increased risk for ventricular arrhythmias and 

SCD.23, 25, 28, 29 

Abnormalities in 123I-MIBG imaging have been demonstrated in patients with 

both common cardiac pathologies such as CAD, HF, and non-ischemic cardiomyopa-

thy12, 18-29, 31-33 and more uncommon entities such as Syndrome X,34 Brugada Syn-

drome,35 and idiopathic ventricular fibrillation.30 However, there has been limited stan-

dardization of the acquisition and quantitative analysis techniques used by various inves-

tigators, and most studies have involved small numbers of subjects and locally-defined 

reference standards and measures of outcome. Thus, despite the large number of pub-

H/M No. 
Pts 

Transplants 
(Row %) 

SCD & 
arrhythmic 

events* 
(Row %) 

HF & other 
cardiac 

deaths** 
(Row %) 

Total 
MCEs 

(Row %) 

Two-year 
event-free 

survival 
(%) 

<1.4 52 19 (37) 1 (2) 8 (15) 28 (54) 45 

1.4-1.99 142 22 (15) 8 (6) 4 (3) 34 (24) 76 

≥2.0 96 3 (3) 1 (1) 1 (1) 5 (5) 95 

Total 290 44 (15) 10 (3) 13 (8) 67 (23) - 

* Includes 5 sudden deaths. 
**Includes 9 cardiac deaths not categorized as HF or arrhythmic at time of original data collection. 

Table 4. Relationship of H/M Ratio to Type of MCE and Two-Year Survival Probability  
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lished studies on cardiac 123I-MIBG imaging, these methodological and analytical limi-

tations have made it difficult to precisely define the value of this technique for the 

evaluation and management of individual patients. Although there is general acceptance 

of the importance of the sympathetic nervous system to the functional status of CHF 

patients,1, 36 the manner in which assessment of this system in the heart can provide de-

monstrable clinical benefits remains to be established. 

The present study was designed to apply standardized methodology to the proc-

essing and analysis of previously acquired 123I-MIBG myocardial images to demonstrate 

that consistent quantitative measures could be obtained that would be applicable to the 

broad population of CHF patients. The primary objective of the study was to demon-

strate the utility of quantitative myocardial 123I-MIBG uptake, as measured by the H/M 

ratio, by identifying those subjects who would or would not experience a MCE during a 

24-month follow-up period. As numerous different H/M thresholds have been sug-

gested for distinguishing between subjects with low and high risk for MCE, but no 

study has included prospective validation of such discriminant values, it was decided to 

utilize ROC methodology to facilitate this determination. Using ROC methods, AUC for 

common diagnostic tests typically range from 0.60 for detection of certain carcinomas on CT 

Figure 6. One- and two-year MCE event-free survival as a function of different H/M thresholds. Two-

year event free survival increases from 90 to 97% between H/M thresholds of 1.8 and 2.2. 
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Figure 7. Two-year cardiac death rates versus 123I-MIBG imaging results, with analyses for only those 
deaths adjudicated by the CEAC (MCE deaths) and a second analysis including seven additional deaths 
(6 post-transplant, one following CABG surgery). A) Data for all NYHA class II/III CHF subjects 
(n=281). B) Data for NYHA class II/III CHF subjects with LVEF≤35% (n=182). The relationship 
between H/M ratio and mortality replicates that seen for occurrence of all MCEs. 
* Including 6 deaths post-transplant and 1 post-CABG (p<0.05). 

24

22

20

18

16

14

12

10

8

6

4

2

0

<1,4 1,4 - 1,79 1,8 - 2,19 >2,2

All cardiac deaths (n=23)*

MCE deaths (n=16)

Late H/M ratio

2
-y

r
d
e
a
th

ra
te

(%
)

48 96 69 68N:

A
Death for all NYHA class II and III (n=281)

24

22

20

18

16

14

12

10

8

6

4

2

0

<1,4 1,4 - 1,79 1,8 - 2,19 >2,2

All cardiac deaths (n=21)*

MCE deaths (n=14)

Late H/M ratio

2
-y

r
d
e
a
th

ra
te

(%
)

38 78 43 23N:

B
Death for all NYHA class II and III with an LVEF <35% (n=182)



123I- MIBG imaging for risk assessment in heart failure  

149 

and MRI scans to 0.95 for film-screen mammography,37, 38 with the mid-range for such tests 

typically being between 0.75 and 0.80. Therefore, 0.75 was judged as a reasonable first 

estimate for the present study, and the results for all three readers were consistent with 

this expectation (AUC=0.77). The study results clearly demonstrated the expected rela-

tionship between H/M ratio and occurrence of MCEs, thus accomplishing the primary 

objective. The high odds ratio for the optimum H/M threshold is further verification of 

the prognostic significance of the 123I-MIBG imaging findings. 

The present results are particularly notable given the large time range of the 

original imaging data (1993-2002) and the variation in techniques (administered activi-

ties ranging from 74 to 370 MBq) and equipment (gamma cameras from multiple 

manufacturers with different crystal thicknesses and collimators) employed by the cen-

ters in five European countries. There was also remarkable consistency between the in-

terpretations of the three blinded image evaluators, fulfilling another objective of this 

study, namely the demonstration that a reliable and reproducible methodology for de-

termining the H/M ratio could be developed and validated. The readers accepted the 

vast majority of the image processing performed per the protocol specifications, with 

images on only 25 subjects (9%) having more than one validated H/M ratio. In only 6 

instances (<1% of studies read) did the changes in ROIs requested by the readers result 

in a change in H/M ratio >0.1. These findings suggest that the analysis methodology is 

sufficiently robust to be used effectively in future prospective studies and in routine 

clinical practice. 

Unlike many earlier published series involving patients studied in the 1990’s,15, 17, 19, 25 

the present data confirmed the prognostic significance of the H/M ratio in a population with 

high usage of both β-blockers and ACE inhibitors/ARBs. LVEF also proved to be an inde-

pendent predictor of MCEs in both uni- and multivariate analyses. In a recent study of a simi-

lar population of CHF patients treated per current guidelines, 123I-MIBG myocardial uptake 

was the strongest predictor of MCE risk, with decreased LVEF, RVEF, and LV asynchrony 

also significant in univariate analyses. Only the late H/M ratio remained a significant pre-

dictor in the multivariate Cox proportional hazards analysis.39  

Several of the strengths of this study also contribute to its major limitations. 

Although the age of the imaging data permitted certainty of subject outcome at two 
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years, it also resulted in gaps in the available clinical data, including information on 

causes of death and HF medication. Outcome events were dominated by cardiac 

transplants, and although this clearly reflected disease progression in CHF patients 

previously classified as NYHA class II or III (class progression not being defined as a 

MCE), it was not possible to determine whether the decision to perform the transplant 

had already been made as of the time the original imaging study was performed. While, 

an additional analysis (not included in this publication) in which transplants occurring 

within 6 months of scanning were censored produced essentially the same results 

concerning the prognostic value of the H/M ratio, the fact that many patients remain 

on transplant lists for several years renders this observation of uncertain validity. More 

germane to the potential utility of 123I-MIBG imaging are the findings of the analyses 

limited to the hard endpoint of cardiac death, which also demonstrated a significant 

relationship between this outcome and the H/M ratio. The image acquisition methods 

used at the various centers were not standardized, and more than half the subjects in the 

study came from a single center, both of which might have introduced unappreciated 

bias. The multivariate analysis was limited to a select group of variables for which data 

could be reliably retrieved, such that the relative contribution of other validated 

prognostic markers (ECG parameters, BNP, etc) to the model could not be evaluated. 

Finally, given the retrospective nature of subject selection, it is not possible to generalize 

the study results to a comparable population of CHF subjects that might be enrolled 

today. While the study data represent an important first step to validate the use of 123I-

MIBG imaging in clinical cardiology, it is apparent that more trial results will be needed 

to support a routine role for this procedure. A definitive judgement on the predictive 

capability of 123I-MIBG in CHF patients must await completion of prospective trials in 

this population. 

 

Conclusions 

The results of the present study support previously published observations concerning 

the predictive value of 123I-MIBG imaging in CHF patients. These results represent the 

first time a standardized analysis methodology combined with blinded reader procedures 

have been used to generate aggregate results from multiple independent imaging 
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facilities. The high inter-reader agreement attests to the suitability of the methods used 

and their validity for application to future prospective 123I-MIBG trials and clinical 

examinations. 
123I-MIBG imaging to assess cardiac sympathetic innervation has powerful 

prognostic value in CHF patients. The present data suggest that a quantitative threshold 

for low-risk for all major cardiac events, and by extension potentially fatal ventricular 

arrhythmias, can be defined. Additional studies will be needed to verify this observation 

and to determine whether 123I-MIBG imaging can assist in triage of patients being 

considered for ICD placement. Particularly for patients with less severe LV dysfunction, 

assessment of neuronal integrity may prove a valuable adjunct to other currently 

available methods. SPECT imaging, which could not be evaluated in the current study, 

represents an additional procedure that might have value as part of risk stratification 

using 123I-MIBG.40 
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Abstract 

Background  

There is a lack of validation and standardization of acquisition parameters for myocar-

dial 123I-meta-iodobenzylguanidine (MIBG). This lack of standardization hampers large 

scale implementation of 123I-MIBG parameters in chronic heart failure (CHF).  

 

Methods and Results 

In a retrospective multi-center study 123I-MIBG planar scintigrams obtained on 290 

CHF patients (82% male; 58% dilated cardiomyopathy; NYHA>I) were reanalyzed to 

determine the late heart-to-mediastinum ratio (H/M). There was a large variation in 

acquisition parameters. Multivariate forward stepwise regression showed that a signifi-

cant proportion (31%, p<0.001) of the variation in late H/M could be explained by a 

model containing patient related variables and acquisition parameters. Left ventricular 

ejection fraction (p<0.001), type of collimation (p<0.001), acquisition duration 

(p=0.001), NYHA class (p=0.028) and age (p=0.034) were independent predictors of 

late H/M. 

 

Conclusions 

Acquisitions parameters are independent contributors to the variation of semi-

quantitative measurements of cardiac 123I-MIBG uptake. Improved standardization of 

cardiac 123I-MIBG imaging parameters would contribute to increased clinical applicabil-

ity for this procedure.  
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Introduction 

Radiolabelled meta-iodobenzylguanidine (123I-MIBG), an analog of the false neurotrans-

mitter guanethidine, localizes in adrenergic nerve terminals primarily via the norepi-

nephrine (NE) transporter (uptake-1) system.1, 2 In the past two decades, a large number 

of investigators have demonstrated decreased myocardial 123I-MIBG uptake in heart fail-

ure patients and have shown that those with the lowest uptake tend to have the poorest 

prognosis.3-11 There have also been findings suggesting that abnormalities of myocardial 
123I-MIBG uptake may be predictive of increased risk for ventricular arrhythmia and 

sudden cardiac death (SCD).12, 13 

One factor that has constrained acceptance of cardiac 123I-MIBG imaging as a 

clinical patient management tool in heart failure has been the variability of technical 

aspects of the procedure. Although most publications have included the heart-to-

mediastinum ratio (H/M) as the measure of myocardial uptake, the methods used to 

obtain this parameter show considerable variation. In addition, the influence of proce-

dural and acquisition parameters on the reproducibility of this measurement technique 

have only occasionally been considered. While the effect of collimator selection on H/M 

ratios has been studied similar attention has not been paid to the impact of administered 

activity, acquisition time and duration.14 Given the absence of published guidelines for 

cardiac 123I-MIBG imaging, standardization of procedures among individual users of 

this agent becomes even more important. 

The objective of the present study was to examine the influence of procedural 

variables associated with 123I-MIBG imaging when a standardized technique was used to 

determine the H/M ratio. 

Methods 

Study design 

Myocardial 123I-MIBG scintigrams on 290 heart failure patients (male and female sub-

jects ³18 years of age with NYHA Class II-IV) from six sites in five European countries 

were retrieved and analyzed. These imaging studies were performed between 1993 and 
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2002 and were collected for a previously described trial.15 This trial was designed to 

show that standardized methodology could be applied to the analysis and processing of 
123I-MIBG myocardial images in order to obtain reproducible quantitative results. As 

the large majority of patients had only late planar 123I-MIBG images, the analysis of 

these images is the sole focus of this paper. 

Investigational sites sent copies of all digital image files to an Imaging Core 

Laboratory (ICL) for evaluation and analysis. Data on amount of 123I-MIBG activity 

injected and image acquisition parameters (i.e delay after injection of 123I-MIBG and 

start of acquisition, acquisition duration, and type of collimator used) were collected. 

The primary efficacy objective of the original trial was to determine the prog-

nostic significance of the late H/M ratio in relation to occurrence of major cardiac 

events (MCE), defined as either: 1) Cardiac death due to all causes, including myocar-

dial infarction (MI), progressive heart failure, and sudden cardiac death (SCD); 2) Car-

diac transplant; 3) Potentially fatal arrhythmic event, including resuscitated cardiac ar-

rest or appropriate ICD discharge. Results of that analysis have been published. For the 

purposes of this paper, H/M thresholds associated with low-, intermediate-, and high-

risk for MCEs were defined to provide the basis for the multivariate analysis described 

below. 

 

Image analysis 

An experienced nuclear medicine technologist not affiliated with the ICL processed all 

the planar images to determine the heart/mediastinum (H/M) ratio. The heart region of 

interest (ROI) was drawn manually to include both ventricles and any atrial activity that 

was clearly visible. A square mediastinal ROI was drawn in the upper mediastium, using 

the apices of the lungs as anatomic landmarks (Figure 1). The H/M ratio was calculated 

as the ratio of the counts/pixel in the two ROIs. 

 

Statistical analysis 

Data are presented as mean ± standard deviation, unless indicated otherwise. Kaplan 

Meier survival analysis and the log-rank test were used to analyze differences in event 

rate for different subject groups defined by the late H/M thresholds. Differences be-
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tween these groups for continuous data were compared using ANOVA with a posthoc 

Bonferoni. Categorical data were compared using the Fisher’s exact test. A forward step-

wise multivariate regression analysis was performed to determine independent predictors 

of late H/M. Explanatory variables were related to patient characteristics (i.e. gender, 

age, NYHA class, LVEF, and underlying etiology of heart failure) and to acquisition 

parameters (i.e. amount of injected 123I-MIBG activity, collimator type, delay after in-

jection and start of acquisition, and duration of acquisition). Multivariate forward step-

wise regression analysis was performed for all study subjects. The overall goodness-of-fit 

for each model was expressed as the adjusted R2. The F-test was used to assess whether a 

model explained a significant proportion of the variability. A p < 0.05 was considered to 

indicate a statistically significant difference. All statistical analyses were performed with 

SPSS (SPSS for windows, version 11.01, SPSS Inc, Chicago, Il, United States of America). 

Figure 1. Example of processing procedure for late planar 123I-MIBG images. The positioning of the 
mediastinal ROI was standardized in relation to the lung apex, the lower boundary of the upper 
mediastinum, and the midline between the lungs.  
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Results 

As previously described there were 67 major cardiac events. Figure 2 shows a Kaplan 

Meier survival analysis for three different groups of late H/M. Quantitative estimates for 

low risk (late H/M > 2.0, 2 year survival of 95%), intermediate risk (late H/M 1.4 – 

2.0, 2 year survival of 76%) and high risk (late H/M < 1.4, 2 year survival of 45%) 

could be determined. The differences in event rate were statistically significant between 

the three groups (all p < 0.001). 

Table 1 shows the baseline characteristics and the parameters related to the 123I-

MIBG acquisition of all subjects and for the three different groups of late H/M. Overall 

the majority of subjects were male, had a functional class II of the NYHA and had a 

LVEF<50% (n=262). Between the three late H/M groups there were differences in age 

Figure 2. Kaplan Meier curve showing the differences in having a major cardiac event in relation to 
the late H/M ratio during 24 months. The differences in having a major cardiac event for the 3 groups 
of late H/M were statistically significant (late H/M < 1.4 vs late H/M 1.4-2.0: p<0.0001; late H/M < 1.4 
vs late H/M > 2.0: p<0.0001; late H/M 1.4-2.0 vs late H/M > 2.0: p<0.0001). 
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(subjects with a late H/M>2.0 were younger), NYHA, LVEF (increasing from subjects 

with a late H/M<1.4 to subjects with a late H/M>2.0) and HF etiology. 

Overall, most acquisitions were performed with low energy high resolution 

(LEHR) collimators (74%), followed by low energy general purpose (LEGP) collimators 

(17%). Only 9% of acquisitions were made with medium energy (ME) collimators, all 

from one center. The amount of activity injected ranged from 72 to 370 MBq (mean 

164 ± 53 MBq). There was a large variation in the time-span after between injection of 
123I-MIBG and imaging, ranging from 1.9 up to 6.9 h (mean delay 4.3 ± 0.6 h). The 

  All (n=290) late H/M 

    <1.4 
(n=51) 

1.4-2.0 
(n=143) 

>2.0 
(n=96) 

Patient characteristics         

Male/Female 237/53 39/12* 117/26* 81/15* 

Age (years) 53±11 (21-83) 55±10‡ 54±10‡ 49±11 

NYHA (II/III/IV) 165/116/9 11/34/6† 85/55/3† 69/27/0† 

LVEF (%) 32±14 (7-85) 23±9† 31±13‡ 39±14* 

Etiology of heart failure  
(isch/non-isch) 121/169 20/31‡ 70/73‡ 31/65‡ 

          

Scintigraphic parameters         

Collimator type  
(LEGP/LEHR/ME) 50/216/24† 24/25/2† 24/104/15† 2/87/7† 

Activity (MBq) 164±53 (72-370) 145±31† 173±64 160±41 

Delay after injection (h) 4.3±0.6 (1.9-6.9) 4.1±0.5‡ 4.3±0.5‡ 4.5±0.6 

Duration of acquisition (min) 9.6±3.3 (1-15) 11.3±4.3† 9.2±3.4 9.4±2.0* 

Data are presented as mean ± standard deviation (range). NYHA: New York Heart Association; LVEF: 
left ventricular ejection fraction; Isch: ischemic; Non-isch: non ischemic; LEGP: low energy all pur-
pose; LEHR: low energy high resolution; ME: medium energy; MBq: mega-Becquerel; h: hours; min: 
minutes. Categorical data (Fisher’s exact test, for each group): * p = 0.53; † p < 0.001 red; ‡ p < 
0.035. Continuous data (ANOVA with posthoc Bonferonni): * p<0.01 compared to late H/M <1.4; † 
p<0.01 compared to late H/M 1.4-2.0; ‡ p<0.01 compared to late H/M >2.0.  

Table 1. Patient and scintigraphic parameters for all subjects and subdivided by late H/M 123I-MIBG.  
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duration of acquisition could be classified in 7 categories: 1, 2, 3, 4, 5, 10 and 15 min-

utes. The majority of acquisitions was performed with a 10 min duration (n=203). 

There were differences between the three late H/M groups in collimator type, amount 

of injected 123I-MIBG, delay after injection, and duration of acquisition (Table 1). 

Table 2 shows the results of the stepwise multivariate regression analysis for all 

subjects and all parameters. LVEF, collimator type, duration of acquisition, NYHA clas-

sification and age were independent predictors of late H/M. This model predicted ap-

proximately 30% of the variation in late H/M results (p<0.0001). Even after exclusion 

of the very low acquisition durations (<5min), the duration of acquisition remained an 

independent predictor of late H/M. 

In subjects with a late H/M<1.4 stepwise multivariate regression analysis showed 

that NYHA classification and delay after injection were the only independent predictors 

of late H/M (Table 3). This model predicted approximately 10% of late H/M (p=0.03). 

In subjects with a late H/M 1.4-2.0 stepwise multivariate regression analysis showed 

that LVEF and collimator type were the only independent predictors of late H/M 

(Table 4). This model predicted approximately 10% of late H/M (p=0.001). In subjects 

Variables   Coefficient b   Standard error b   P-value 

Constant   0.549   0.411     

LVEF   0.015   0.02   <0.001 

Collimator type   0.531   0.087   <0.001 

Duration of acquisition   0.045   0.014   0.001 

NYHA   -0.121   0.055   0.028 

Age   -0.006   0.003   0.034 

              

Goodness-of-fit of the model     Adjusted R2   P-value 

      0.312   <0.0001 

Table 2. Multivariate analysis of clinical and acquisition related parameters as predictors of late H/M 

for all subjects (n=290).  
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with a late H/M> 2.0, duration of acquisition was the only independent predictor of 

late H/M (Table 5). However, duration of acquisition predicted only 1% of late H/M 

and explained a statistically non-significant proportion of variability (p=0.347).  

Discussion 

In a heterogeneous population of heart failure patients, the most important determinant 

of cardiac uptake of 123I-MIBG is the degree of impairment of the NE transporter func-

tion in presynaptic adrenergic neurons.3-11 As such, considerable variation in late H/M 

would be expected between patients with otherwise similar clinical presentations 

(NYHA class, LVEF, etc). Nevertheless, the findings of the present study indicate that a 

proportion of the variation in the late H/M 123I-MIBG can also be explained by differ-

ences in acquisition parameters. Of particular interest, the factors contributing to this 

variation differed for different ranges of late H/M.  

Abnormalities in myocardial 123I-MIBG imaging have been demonstrated in 

patients with both common cardiac pathologies such as CAD, CHF, and non-ischemic 

cardiomyopathy3-12, 16-18 and more uncommon entities such as Syndrome X,19 Brugada 

Syndrome,20 and idiopathic ventricular fibrillation.13 However, there has been limited 

standardization of the acquisition and quantitative analysis techniques used by various 

investigators, and most studies have involved small numbers of subjects and locally-

Variables   Coefficient b   Standard error b   P-value 

Constant   1.680   0.161     

NYHA   -0.055   0.027   0.049 

Delay after injection   -0.068   0.030   0.031 

              

Goodness-of-fit of the model Adjusted R2   P-value 

      0.104   0.030 

Table 3. Multivariate analysis of clinical and acquisition related parameters as predictors of late H/M 

for subjects with a late H/M <1.4 (n=51).  
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defined reference standards and measures of outcome. Thus, despite the large number of 

studies on cardiac 123I-MIBG imaging, these methodological and analytical limitations 

have hampered the implementation of this technique for the evaluation and manage-

ment of individual patients. 

Acquisition duration was one of the independent predictors of late H/M. The 

positive correlation suggests that a longer acquisition time is associated with a higher 

late H/M. However, it is more likely that this association reflects that a longer acquisi-

tion time results in a higher number of counts and the allied improvement of count sta-

tistics. In particular, in patients with reduced myocardial uptake (i.e. heart failure pa-

tients), the higher signal to noise ratio for a longer acquisition (≥ 10 minutes in the pre-

sent study) plays a pivotal role in the accurate determination of late H/M. 

The most well validated influence on the measured late H/M is the collimator 

type. Because of the high energy photons emitted by 123I, septal penetration affects esti-

mation of the H/M ratio in 123I-MIBG imaging with a low-energy (LE) collimator.21 

Medium-energy (ME) collimators have been shown to improve quantitative accuracy in 
123I studies.14, 21, 22 While these results would suggest that semi-quantitative cardiac 123I-

MIBG imaging might best be performed using ME collimators, there are practical limi-

tations to such a recommendation. Almost all nuclear cardiology procedures are now 

performed on a multi-head gamma camera, and many dedicated dual head cardiac cam-

eras are not supplied with ME collimators (at least for SPECT). It is therefore important 

Variables   Coefficient b   Standard error b   P-value 

Constant   1.370   0.078     

LVEF   0.004   0.001   0.001 

Collimator type   0.086   0.030   0.005 

              

 Adjusted R2   P-value 

      0.100   0.001 

Goodness-of-fit of the model  

Table 4. Multivariate analysis of clinical and acquisition related parameters as predictors of late H/M 

for subjects with a late H/M 1.4-2.0 (n=143).  
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to establish the degree to which the collimator used affects prognostic utility of the H/

M measurement. 

Rigorous and uniform analysis of cardiac 123I-MIBG parameters minimizes in-

ter- and intra-individual variation.15, 23 In the analysis of the entire population, numer-

ous variables (LVEF, collimator type, duration of acquisition, NYHA classification and 

age) contributed to the prediction of H/M, but only two of these variables are under the 

control of the imager. Furthermore, the present results suggest that the severity of car-

diac sympathetic neuronal dysfunction also modulates the impact of acquisition pa-

rameters on the H/M determinations. For example, in the low-risk group (H/M>2.0), 

none of the parameters had a meaningful impact on the numerical result, indicating that 

preserved myocardial uptake of 123I-MIBG can be reliably determined under widely dif-

ferent acquisition conditions. By comparison, considering user-controlled variables, as-

sessment of high-risk subjects (H/M<1.4) was affected by acquisition duration, while 

the assessment of H/M in the intermediate risk subjects was affected by the collimator 

employed. Standardization therefore is most important in assessing patients with more 

severe disease, even though in the present study the procedural variables only contrib-

uted a relatively small fraction of the overall variability in H/M determinations. 

Aging is associated with changes in the cardiovascular autonomic regulation 

both under resting and stimulated conditions. At rest, elderly subjects show increased 

sympathetic and decreased parasympathetic activity as well as impaired arterial barore-

Variables   Coefficient b   Standard error b   P-value 

Constant   0.022   1.376     

Duration of acquisition   0.119   0.057   0.040 

              

Adjusted R2   P-value 

      0.013   0.347 

Goodness-of-fit of the model    

Table 5. Multivariate analysis of clinical and acquisition related parameters as predictors of late H/M 

for subjects with a late H/M >2.0 (n=96).  
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flex function.24-34 The negative correlation, although weak, between age and late H/M is 

in line with the finding that sympathetic activity increases with age. However, to our 

knowledge we are the first to acknowledge this with myocardial 123I-MIBG parameters. 
123I-MIBG has been shown by individual centers to have both good reproduci-

bility, acceptable variability, and to have prognostic value in CHF patients.3-11, 23, 35, 36 

These single-center experiences, however, do not necessarily allow for extrapolation of 

the obtained results to other centers. In spite of this, quantitative thresholds are often 

implemented without inter-institutional validation. Because there are differences be-

tween centers in hardware, acquisition parameters and post-acquisition processing, the 

extrapolation to other centers, or generalization of these single-center findings, is not per 

se justified. Especially due to the lack of well defined data sets, validation in each sepa-

rate center and between centers has not been possible. Recently, a realistic 3D gated car-

diac phantom, the Amsterdam gated cardiac phantom (AGATE phantom), was devel-

oped and validated.37 Such a phantom could be used as a tool for the validation in each 

separate center and for standardization between centers. However, a phantom can only 

partially simulate patient characteristics. Therefore, the phantom results obtained will 

give only an impression of repeatability and variability, but they do not necessarily re-

flect the accuracy of measurements in patients. Therefore, in addition to the phantom 

measurements, a set of reference patient studies should also be included in a validation 

of the technique.38 Moreover, the results should be validated in each separate center, 

and monitored for reproducibility and consistency. 

The primary limitation of the present study has already been noted, namely that 

the largest influence on the H/M is cardiac disease status rather than image acquisition 

parameters. Although collimation and acquisition duration were independent predictors 

of late H/M, their individual contributions to measurement variance were <10% each. 

Because of the retrospective nature of this multi-center study, it was not possible to con-

trol for the effects of numerous variables that might have had undetected impact on late 

H/M. Studies using phantoms have already established the effect of collimator selection 

on H/M, and similar studies could be performed to examine the influence of count rate 

and total counts. Additional patient studies that included multiple acquisitions of differ-
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ent durations and times post-injection could establish the effect of these parameters on 

H/M with greater clarity. 

In conclusion, the limited standardization in acquisition parameters reported in 

literature was also reflected in the results of this multi-center study. A wide variety of 

collimators, delay after injection of 123I-MIBG to the start of the acquisition and acqui-

sition durations were reported. In general, validation and standardization require com-

mitment and perseverance. Moreover, without proper validation and standardization, 

the role myocardial 123I-MIBG in the clinical management of CHF will continue to be 

constrained. Without these requirements, the use of myocardial 123I-MIBG will be lim-

ited to a single center research tool for understanding the physiology of myocardial sym-

pathetic neuronal activity under different conditions and after interventions. With ap-

plication of appropriate standardization, myocardial 123I-MIBG imaging could become a 

routine procedure for evaluation of heart failure and other cardiac disease populations.  
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Abstract 

Background 

A number of studies have investigated the relationship between semi-quantitative myo-

cardial 123I-meta-iodobenzylguanidine (MIBG) parameters (early heart mediastinal ratio 

[H/M], late H/M and myocardial washout) and prognosis in chronic heart failure 

(CHF). However, estimates of the hazard ratio (HR) among studies differ. To derive a 

more precise estimate of the prognostic significance of myocardial MIBG parameters, 

we have reviewed and pooled data from published studies. 

 

Methods and Results 

Studies stratifying survival and cardiac events in patients with CHF by myocardial 

MIBG parameters were eligible for analysis. The principal outcome measure was HR. 

Eighteen studies with a total of 1,755 patients were eligible. The pooled HR estimates 

for cardiac death and cardiac events associated with washout showed no significant het-

erogeneity and were 1.72 (95%CI, 1.72-2.52; p=0.006) and 1.08 (95%CI, 1.03-1.12; 

p<0.001), respectively. The pooled HR estimates for cardiac death and cardiac events 

associated with early H/M and late H/M showed significant heterogeneity (I2 ≥ 75%). 

Limiting the pooling to the qualitative best three studies rendered I2 insignificant (I2=0). 

This resulted in a pooled HR of late H/M for cardiac death of 1.82 (95%CI: 0.80-4.12; 

p=0.15) and for cardiac events of 1.98 (95%CI: 1.57-2.50; p<0.001). This limitation, 

however, left only one study for early H/M. 

 

Conclusion  

Our results indicate that patients with HF and decreased late H/M or increased myocar-

dial 123I-MIBG washout have a worse prognosis compared to those with normal semi-

quantitative myocardial 123I-MIBG parameters. 
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Introduction 

Cardiac sympathetic neuronal activity can non-invasively be assessed by the use of 123I-

meta-iodobenzylguanidine (123I-MIBG), an analogue of norepinephrine.1 In patients 

with chronic heart failure, angiotensin-converting enzyme inhibitors,2 β-receptor an-

tagonists,3, 4 spironolactone5, 6 and chronic cardiac resynchronization therapy7 have 

shown to ameliorate functional capacity and prognosis. Using semi-quantitative analysis 

(i.e. early heart-to-mediastinum [H/M] ratio, late H/M and myocardial washout) these 

beneficial effects were associated with an increase in 123I-MIBG uptake and a reduced 

washout. There is no consensus, however, on the prognostic value of these semi-

quantitative parameters of myocardial 123I-MIBG uptake in patients with heart failure. 

The lack of consensus is reflected in the absence of 123I-MIBG in any of the current 

guidelines regarding either heart failure or myocardial scintigraphic imaging.8-12 

The purpose of this systematic review was to critically assess existing evidence on 

the prognostic value of semi-quantitative parameters of myocardial 123I-MIBG uptake in 

patients with heart failure. 

Methods 

Eligibility criteria 

Published studies were eligible if survival was analyzed in patients with heart failure 

stratified by semi-quantitative 123I-MIBG myocardial parameters (i.e. early H/M, late 

H/M and myocardial washout). The primary outcomes of interest were cardiac death 

and cardiac events (i.e. combination of cardiac death, myocardial infarction, myocardial 

transplantation and hospitalization due to progression of heart failure). 

 

Search strategy 

A computer-assisted search was performed of the medical databases MEDLINE 

(January 1980 to January 2006), PubMed (January 1980 to January 2006), EMBASE 

(January 1980 to January 2006), the Cochrane Controlled Trial Register and the Coch-

rane Database of Systematic Reviews (from their inception to January 2006). A highly 
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sensitive search strategy described by Haynes et al13 was adapted to our specific require-

ments and resulted in the following search strategy: (((MIBG* [WORD] OR metaiodo-

benzylguanidine [WORD]) AND (heart [WORD] AND failure [WORD])) AND 

(incidence [MESH] OR mortality [MESH] OR follow-up studies [MESH] OR mortal-

ity [SH] OR prognos* [WORD] OR predict* [WORD] OR course [WORD])). Re-

view articles and bibliographies of other relevant studies were hand-searched to identify 

additional relevant publications. 

 

Selection procedure 

All studies published in English matching the eligibility criteria were retrieved. Only 

published studies in peer-review journals were included. In case of overlapping and du-

plicated data sets, care was taken to include only the most recent or most complete data 

set. Data from review articles, case reports, abstracts, and letters were not included. 

 

Methods of the review 

One author (HJV) assessed articles for possible inclusion in the review by checking titles 

and abstracts. The subsequent selected articles were independently assessed by two au-

thors (HJV and BLFvES). A standard data abstract form was developed for systematic 

collection of data on key characteristics (cardiac events), methodological quality, partici-

pants, and follow-up. Disagreement in acquired data was resolved through final discus-

sion. Investigators were contacted twice to obtain missing information. 

 

Methodological quality assessment 

As there are no widely agreed quality criteria for assessing prognostic studies, criteria 

were formulated based on suggestions made by Altman.14 Internal validity criteria were 

assigned a score of positive (adequate methods) or negative (inadequate methods, poten-

tial for bias). Quality scores were expressed as a percentage of the maximum score 

(nine). No criteria for external validity (evaluation of generalizability) were formulated. 

Criteria for internal validity comprised of items related to patient sample (A: 

fully defined inclusion criteria; B: fully described clinical and demographic characteris-

tics), study design (only a prospective design was defined as adequate) definition and 
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assessment of outcome (A: fully defined outcome; B: objective and unbiased assessment 

of outcome), duration of follow-up (follow-up of at least 3 months), semi-quantitative 
123I-MIBG myocardial parameters (A: fully defined and described; B: blind assessment) 

and avoidance of verification bias (assessment of outcome blind to 123I-MIBG result). 

 

Statistical analysis 

The association between 123I-MIBG parameters of myocardial sympathetic activity and 

cardiac death, and the association between 123I-MIBG parameters of myocardial sympa-

thetic activity and cardiac events were derived as a weighted average of study-specific 

estimates of the hazard ratio (HR), using inverse variance weights.15 The logHR and the 

corresponding variance were used as data points for pooling purposes. In studies quot-

ing the 95% confidence interval (CI) and HR, the logHR variance was calculated by15: 

 

 

 

where UL and LL are the upper and lower limits of the 95% CI for ln(HR), respec-

tively. In studies not quoting the HR or CIs, these were calculated from data presented 

using a hierarchical series of steps as per Parmar et al.15 Data points were calculated from 

the following parameters: the HR point estimate, the log-rank statistic or its P-value.  

In studies quoting the p-value and HR, the study variance was estimated from 

the cumulative distribution function of the normal distribution. To be conservative, 

significance values quoted in papers as less than the specified threshold were assumed to 

be at that threshold. If data were only presented as graphical representations of the sur-

vival distributions, survival rates were extracted at specified times in order to reconstruct 

the HR-estimate and its variance, under the assumption that the rate of patients cen-

sored was constant during the study follow-up.15 If censoring data were presented, cen-

sored subjects were subtracted from the denominators by counting tick marks on sur-

vival curves. Finally, if survival at a given point in time, S, defined by X/N (X being the 

number of patients surviving and N the number of patients followed-up), the hazard 

was estimated from: β = -log(S)/t, in which t is the time at which survival was meas-

UL - LL 

3.92 

2 

var(ln[HR]) = 
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Study, Year 

Methodological Quality Criteria 

Patient sample Study  
design 

Outcome  
measure 

Follow 
-up 

Inclusion 
criteria 
defined 

Fully  
described Prospective Defined Blind 

assessment 
≥3 

months 

Cohen-Solal, 1999 20 1 1 1 1 1 1 

Yamada, 2003 21 1 1 1 1 1 1 

Ogita, 2001 22 1 1 1 1 1 1 

Anastasiou-Nana, 2005 23 1 1 1 1 1 1 

Merlet, 1992 24 1 1 1 1 - 1 

Merlet,1999 25 1 1 1 1 - 1 

Nakata, 2003 26 1 1 1 1 - 1 

Nakata, 2005 27 1 1 1 1 - 1 

Wakabayashi, 2001 28 1 1 1 1 - 1 

de Milliano, 2002 29 1 1 1 1 - 1 

Gerson, 2003 30 1 1 - 1 - 1 

Kyuma, 2004 31 1 1 1 1 - 1 

Arimoto, 2004 32 - 1 1 1 - 1 

Imamura, 2001 33 - 1 1 1 - 1 

Fujimoto, 2004 34 - 1 - 1 - 1 

Fujimoto, 2005 35 - 1 - 1 - 1 

Matsui, 2002 36 - 1 - 1 - 1 

Momose, 1999 37 1 1 - 1 - - 

 
Quality criteria for validity comprised of items related to patient sample (A: fully defined inclusion 
criteria; B: fully described clinical and demographic characteristics), study design (only a prospective 
design was defined as adequate) definition and assessment of outcome (A: fully defined outcome; 
 
 
 

Table 1. Quality assessment of included studies. Continued on next page. 
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Table 1 continued. Quality assessment of included studies. 

Study, Year 

Methodological Quality Criteria 

Total 
score 

% of max 
score 

MIBG parameters Verification bias 

Defined Blind  
assessment Absent 

Cohen-Solal, 1999 20 1 1 1 9 100 

Yamada, 2003 21 1 1 1 9 100 

Ogita, 2001 22 1 1 - 8 89 

Anastasiou-Nana, 2005 23 1 - - 7 78 

Merlet, 1992 24 1 1 - 7 78 

Merlet,1999 25 1 1 - 7 78 

Nakata, 2003 26 1 1 - 7 78 

Nakata, 2005 27 1 1 - 7 78 

Wakabayashi, 2001 28 1 1 - 7 78 

de Milliano, 2002 29 1 - - 6 67 

Gerson, 2003 30 1 - - 6 67 

Kyuma, 2004 31 1 - - 6 67 

Arimoto, 2004 32 1 - - 5 56 

Imamura, 2001 33 1 - - 5 56 

Fujimoto, 2004 34 1 - - 4 44 

Fujimoto, 2005 35 1 - - 4 44 

Matsui, 2002 36 1 - - 4 44 

Momose, 1999 37 1 - - 4 44 

 
B: objective and unbiased assessment of outcome), duration of follow-up (follow-up of at least 3 
months), semi-quantitative 123I-MIBG myocardial parameters (A: fully defined and described; B: blind 
assessment) and avoidance of verification bias (assessment of outcome blind to 123I-MIBG result). 
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ured, as per Samson et al.16 If insufficient data were presented for data point extraction 

studies were excluded from pooling.  

HRs obtained after adjusting for other covariates were used when provided. 

Summary data from published studies were pooled using the random-effects models as a 

primary analysis. The random-effects model assumes that studies were a random sample 

of a hypothetical population of studies taking into account variability within and among 

studies.17 The percentage variability of the pooled HR attributable to heterogeneity 

among studies was quantified using the I2 statistic.18 Studies with a high variation across 

studies due to heterogeneity (I2 values ≥ 75%) were not aggregated.18 If heterogeneity 

was present sources of heterogeneity were explored and a decision was made whether to 

aggregate the studies or not. Sensitivity analysis was performed by reanalyzing the data 

using the fixed-effects model. 

Studies were plotted in order of decreasing variance of the logHR. Horizontal 

lines represent 95% CIs (i.e. forest plots). Each square box represents the HR point esti-

mate and its area is proportional to the weight of the study. The black diamond repre-

sents the overall summary estimate, with CIs given by its width. The unbroken vertical 

line is at the null value (HR = 1.0). Estimates from small studies that have less precision 

in estimating the underlying HR will therefore scatter widely. Evidence of publication 

bias was examined by constructing funnel plots.19 Statistical analyses were performed 

using Review Manager (RevMan) [Computer program], version 4.2 for Windows, Co-

penhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2003.  

Results 

Literature search 

The search strategy identified 107 studies. Eighty-nine studies were excluded: 13 re-

views and case reports, 14 studies on neuroblastomas and pheochromocytomas, 19 stud-

ies on the effect of medication, 2 studies on cardiomyopathy in children and a group of 

39 studies with miscellaneous subjects ranging from hypertension, diabetes mellitus, 

internal conversion devices (ICD) to myocardial infarction. Furthermore, two studies 
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with overlapping and/or duplicated data sets were excluded. The remaining 18 studies 

fulfilled the inclusion criteria of our systematic review.20-37 

 

Methodological quality of included studies 

The quality scores ranged from 4 to 9 (median 6) (Table 1). Only 2 studies achieved the 

maximum score of 9 points and one study lost 1 point because of the lack of blind as-

sessment of outcome i.e. 3 studies were in the upper fifth of the scoring scale (ranging 

from 0 to 9).20-22 The majority of studies achieved a suboptimal scoring due to the lack 

of blind assessment and interpretation of the semi-quantitative 123I-MIBG myocardial 

parameters and due to the lack of blind assessment of outcome. Nine studies had a qual-

ity score in the 2nd fifth of the scoring scale23-31 and the remaining 6 studies had scores in 

the 3rd fifth of the scoring scale.32-37 

 

Study characteristics 

Baseline characteristics of all 18 eligible studies are summarized in Table 2. The majority 

of patients was male (1261/1643: 77%, Merlet et al. did not specify the gender of 112 

patients25) and was of middle age (> 40 years). The NYHA classification differed be-

tween the contributing studies. Some studies included the whole spectrum of heart fail-

ure from patients with only mild symptoms (class I) to patients with severe symptoms 

(class IV). Other studies were more focused on a smaller patient cohort.29 Left ventricu-

lar function, expressed as left ventricular ejection fraction (LVEF), was in the majority 

(14/18) of the contributing studies well defined and in accordance with a depressed left 

ventricular function (LVEF <40%).20-30, 33, 35, 36 Two studies included patients with 

LVEF >50%31, 34 and two studies did not make any reference to left ventricular func-

tion.32, 37 As with NYHA classification, etiology of heart failure differed between studies. 

Eleven studies reported on combined ischemic and idiopathic heart failure20-24, 26, 27, 29, 31-

33, 6 reported on idiopathic heart failure alone.25, 30, 34-37 In one study ischemic and idio-

pathic heart failure patients were separately analyzed and compared.28 Of this study no 

overall means were provided. Therefore, in our analysis ischemic (A) and non-ischemic 

(B) were separately reviewed. None of the contributing studies, however, reported on 

ischemic heart failure alone. 
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Study, Year 

Patients  
Descriptives Heart failure 

N M/F Age 
(mean ± SD) 

LVEF 
(%) NYHA Etiology 

(IS/ID) 

Cohen-Solal, 1999 20 93 88/5 55±10 25±10 > I 24/69 

Yamada, 2003 21 65 51/14 63±12 28±8 I-III 41/24 

Ogita, 2001 22 79 64/15 64±ns <40 ns 45/34 

Anastasiou-Nana, 2005 23 52 46/6 56±12 31±12 ns 27/25 

Merlet, 1992 24 90 76/14 52±7 22±8 > I 24/66 

Merlet,1999 25 112 ns 50±10 21±9 > I 0/112 

Nakata, 2003 26 205 146/59 61±14 34±6 I-IV 81/124 

Nakata, 2005 27 167 130/37 19-85 <40 I-IV 66/101 

Wakabayashi, 2001 28 A ‡ 76 62/14 68±12 32±11 I-IV 76/0 

Wakabayashi, 2001 28 B ‡ 56 43/13 60±13 30±11 I-IV 0/56 

de Milliano, 2002 29 58 39/19 65±10 27±7 II-III 31/27 

Gerson, 2003 30 37 27/10 48±9 27±10 >I 0/37 

Kyuma, 2004 31 158 110/48 64±13 41±17 I-IV 45/113 

Arimoto, 2004 32 76 47/29 63±15 ns I-III 12/64 

Imamura, 2001 33 171 125/46 63±11 27±10 I-IV 75/96 

Fujimoto, 2004 34 74 57/17 57±12 44±16 I-III 0/74 

Fujimoto, 2005 35 53 43/10 57±11 34±10 I-III 0/53 

Matsui, 2002 36 74 55/19 55±1 31±1 >I 0/74 

Momose, 1999 37 59 52/7 52±15 ns ns 0/59 

 
Order of presentation according to decreasing study quality (Table 1). 
ns = not specified in publication; - = not reported in publication; IS = ischemic; ID = idiopathic. 
* Data were organized according patients with and patients without events. Overall means were not 
provided. 
† Patients were divided into two groups according washout (cutoff 27%). Overall means were not 
provided. 
 

Table 2. Study characteristics. Continued on next page. 
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Patients 
Events MIBG parameters 

Death MI Cardiac 
Tx Hosp 

Follow 
-up 

(months) 
Early 
H/M 

Late 
H/M Washout 

10 - 23 - 10±8 1.39±0.21 1.31±0.20 35±6 

3 - - 10 34±19 ns* ns* ns* 

13 - - 11 1 - 52 ns† ns† ns† 

14 - - - 24 1.47±0.15 1.35±0.16 ns 

22 - 10 - 1 - 27 ns 1.22±0.15 ns 

25 - 19 - 27±20 ns 1.23±0.19 ns 

38 - - - 35±15 1.98±0.45 1.80±0.37 35±15 

42 - - - 43 ns* ns* ns* 

28 - - - 54±31 1.95±0.41 1.79±0.38 34±13 

19 - - - 55±29 1.91±0.43 1.71±0.41 42±13 

16 - 1 - 1 - 58 ns 1.8±0.4 ns 

8 - 4 - 49±9 1.54±0.2 ns ns 

17 - - - 16 ns 1.73±0.37 36±14 

- - - 14 6-30 1.79±0.28§ 1.69±0.30§ 25±7§ 

11 - - 16 27±11 1.78±0.27 1.64±0.28 46±12 

4 - - 12 25±15 1.82±0.28 1.70±0.31 42±11 

2 - - 7 44±33 ns ns 41±11 

12 - - 11 24±2 ns 1.89±0.03 35±1 

16 - - - 25±13 ns * ns * ns * 

 
‡ Data were organized according to ischemic (A) and non-ischemic (B) cardiomyopathy. Overall 
means were not provided. For our analysis ischemic (A) and non-ischemic (B) were separately re-
viewed. 
§ Analysis was performed in 64 patients in whom follow-up was completed. Baseline characteristics 
of these patients were not provided. 
 
 

Table 2 continued. Study characteristics. 
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Study, Year 

Acquisition parameters 

Time after injection 
(planar and or SPECT)   

Early H/M Late H/M Collimator 

Cohen-Solal, 1999 20 20 240 ns 

Yamada, 2003 21 20 200 LEHR 

Ogita, 2001 22 20 200 LEHR 

Anastasiou-Nana, 2005 23 60 240 LEAP 

Merlet, 1992 24 - 240 ns 

Merlet,1999 25 - 240 ns 

Nakata, 2003 26 30 240 LEAP 

Nakata, 2005 27 30 240 LEAP 

Wakabayashi, 2001 28 30 240 LEAP 

de Milliano, 2002 29 - 240 ME 

Gerson, 2003 30 15 240 ns 

Kyuma, 2004 31 30 240 LEAP 

Arimoto, 2004 32 30 240 LEHR 

Imamura, 2001 33 15 240 ns 

Fujimoto, 2004 34 20 240 LEAP 

Fujimoto, 2005 35 20 240 LEAP 

Matsui, 2002 36 15 180 LE 

Momose, 1999 37 15 240 ns 

 
Order of presentation according to decreasing study quality (Table 1). 
ns = not specified in publication; - = not reported in publication; LEHR = Low Energy High Resolu-
tion; LEAP = Low Energy All Purpose; ME = Medium Energy; LE = Low Energy. 
 

Table 3. Acquisition and calculation of semi-quantitative parameters. Continued on next page. 
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Calculation of MIBG parameters     

   

Early 
H/M 

Late 
H/M Washout 

H/M H/M (Early H – Late H) / Early H * 

H-M/M H-M/M ([Early (H – M)/Early M] – [Late (H – M)/Late M]) / [Early (H – M)/Early M] * 

H-M/M H-M/M ([Early (H – M)/Early M] – [Late (H – M)/Late M]) / [Early (H – M)/Early M] * 

H/M H/M - 

- H/M - 

- H/M - 

H/M H/M Polar maps on pixel base (SPECT) † 

H/M H/M Polar maps on pixel base (SPECT) † 

H/M H/M Polar maps on pixel base (SPECT) † 

- H/M - 

H-M/M H-M/M ([Early (H – M)/Early M] – [Late (H – M)/Late M]) / [Early (H – M)/Early M] † 

H/M H/M Polar maps on pixel base (SPECT) † 

H/M H/M ([Early H – Early M] – [Late H – Late M]) / (Early H – Early M) † 

H/M H/M ([Early H – Early M] – [Late H – Late M]) / (Early H – Early M) † 

H/M H/M Polar maps on pixel base (SPECT) † 

ns ns Polar maps on pixel base (SPECT) † 

H/M H/M ([Early H – Early M] – [Late H – Late M]) / (Early H – Early M) † 

H/M H/M ([Early H – Early M] – [Late H – Late M]) / (Early H – Early M) * 

 
* Values corrected for decay. 
† Correction for decay not reported in publication.  
 
 

Table 3 continued. Acquisition and calculation of semi-quantitative parameters. 
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The combination of all 3 semi-quantitative parameters (early H/M, late H/M 

and myocardial washout) was reported in six studies.20, 23, 26, 33, 34, 37 Three studies re-

ported only late H/M24, 25, 29 and two studies reported only early H/M30 or myocardial 

washout35, respectively. In four studies no specific semi-quantitative baseline parameter 

was reported.21, 22, 27, 37 One study reported a combination of early H/M and late H/M 

without washout23 and two a combination of late H/M and myocardial washout with-

out early H/M.31, 36 

The majority of the studies (17/18) reported on cardiac death and of these 6 

focused on cardiac death alone.23, 26-28, 31, 37 On the other hand only one study restricted 

the analysis to hospitalization due to progression of heart failure.32 

 

Aspects of 123I-MIBG scintigraphy 

Acquisition parameters and calculation of semi-quantitative parameters are shown in 

Table 3. The acquisition of early H/M was in 9 studies20-22, 30, 33-37 performed at 15-20 

minutes and ranged in the remaining 6 studies from 30 up to 60 minutes.23, 26-28, 32, 33 

The time of late H/M acquisition was more uniform; 17 studies acquired late H/M at 

240 minutes after injection. Type of collimator used for acquisition was not reported in 

6 studies. Low energy collimators were most widely used and only one study used a me-

dium energy collimator.29 

Calculation of early and late H/M was more or less uniform. Three studies used 

a small variation and corrected myocardial count density for background by subtracting 

mediastinum count density.21, 22, 30 A large variation in calculation of myocardial wash-

out was reported ranging from relative simple formulas (with or without correction for 

decay) to polar map pixel based subtraction techniques. 

 

Retrieval of study specific estimates of HR 

All 19 survival and/or cardiac event estimates from 18 studies were eligible for pooling, 

12 of these 19 provided study specific estimates of HR associated with 123I-MIBG semi-

quantitative myocardial parameters and/or its associated 95%CI.20, 21, 23, 26-29, 31, 33-35 In 

the remainder HR estimates were calculated from information presented.22, 24, 25, 30, 32, 36, 37 

 



Prognostic value of 123I-MIBG in heart failure  

189 

Relationship between 123I-MIBG and survival and/or cardiac events 

Figure 1 shows a forest plot of study specific estimates of HR and late H/M (fourteen 

studies reported on death and two on cardiac events). The pooled HR for death and late 

H/M and the pooled HR for a cardiac event and late H/M was showed evidence of het-

erogeneity (I2 = 87.6% and I2 = 88.1%, respectively). Exploring heterogeneity revealed 

that when only the 3 qualitative best studies (upper fifth, see Table 1) were selected, het-

erogeneity disappeared (I2 = 0). Figure 2 shows the pooled HR for death and late H/M 

in these selected studies (1.82 [95%CI: 0.80-4.12; I2 = 0%; test for overall effect: 

Z=1.44, p=0.15]) and the HR for a cardiac event and late H/M was 1.98 (95%CI: 

1.57-2.50; I2 = 0%; test for overall effect: Z=5.79, p<0.001. No other common denomi-

nator to combine studies (i.e. patient characteristics, NYHA classification, etiology of 

heart failure, events, duration of follow-up or technical aspects), reduced heterogeneity 

to an acceptable level. 

Figure 3 shows a forest plot of study specific estimates of HR and early H/M 

(six studies reported on death and one on cardiac events). The pooled HR for death and 

early H/M and the pooled HR for a cardiac event and early H/M showed evidence of 

heterogeneity (I2 = 85.2% and I2 = 85.6%, respectively). Exploring the heterogeneity no 

combination of studies reduced I2 to an acceptable level. Again a selection of studies 

based on the qualitative best studies (upper fifth, Table 1) was applied to reduce hetero-

geneity. Of these, however, only the study from Cohen-Solal et al .reported on early H/M.20 

In this study the HR for death and early H/M was 2.27 (95%CI: 0.66-7.82; test for 

effect: Z=1.29, p=0.20) and the HR for a cardiac event and early H/M was 1.59 (95%

CI: 0.80-3.15; test for effect: Z=1.33, p=0.18). 

Figure 4 shows a forest plot of study specific estimates of HR and myocardial 

washout (six studies reported on death and 3 on cardiac events). The pooled HR for 

death and washout was 1.72 (95%CI, 1.72-2.52), with an I2 = 62.7% and a significant 

overall effect (p=0.006). The pooled HR for a cardiac event and washout was 1.08 (95%

CI, 1.03-1.12), with an I2 = 68.0% and a significant overall effect (p<0.001). Limiting 

the pooling only to the 3 qualitative best studies (upper fifth, see Table 1) improved 

heterogeneity. Of these, however, only the study from Cohen-Solal et al. reported on 

washout and death.20 In this study the HR for death and washout was 1.04 (95%CI: 



Chapter 9 

190 

Figure 1. Forest plots of hazard ratios for late H/M for all eligible studies. 

Forest plots of hazard ratios for late H/M in relation to cardiac death (upper panel) and cardiac 
events (lower panel) for eligible studies. Random effects model. Squares are mean weighted hazard 
ratios (logarithmic scale). The size of the squares represents study weight and horizontal lines repre-
sent 95% CI. Arrowheads depict data outside scale. Order of study presentation based on decreas-
ing variance of the logHR (i.e. increasing weight in the pooled HR estimates). 

Weight(%)Study, Year (Reference) HR (95% CI)

Fujimoto, 2004 (34) 0.71 0.10 (0.00 - 3.24)

Wakabayashi, 2001 (28 A) 1.45 0.01 (0.00 - 0.06)

Kyuma , 2004 (31) 2.69 0.32 (0.05 - 1.96)

Wakabayashi, 2001 (28 B) 3.00 0.13 (0.02 - 0.74)

Imamura, 2001 (33) 4.98 0.05 (0.01 - 0.17)

Anastasiou -Nana, 2005 (23) 5.74 2.42 (0.70 - 8.36)

Cohen -Solal , 1999 (20) 5.74 2.78 (0.81 - 9.62)

Matsui, 2002 (36) 6.89 1.26 (0.41 - 3.91)

Nakata, 2005 (27) 7.33 0.15 (0.05 - 0.45)

Ogita, 2001 (22) 7.46 1.31 (0.44 - 3.89)

de Milliano, 2002 (29) 7.85 0.90 (0.31 - 2.60)

Momose , 1999 (37) 9.18 7.00 (2.63 - 18.64)

Nakata, 2003 (26) 10.01 0.33 (0.13 - 0.84)

Merlet, 1992 (24) 12.63 5.25 (2.28 - 12.12)

Merlet, 1999 (25) 14.35 4.74 (2.16 - 10.38)

100.00Total (95% CI)

Chi-square for heterogeneity:
113.19; P < 0.001; I

2
= 87.6%

0.1 0.2 0.5 2 5 10

Yamada, 2003 (21) 0.28 3.99 (0.14 - 117.05)

Wakabayashi, 2001 (28 A) 0.53 0.01 (0.00 - 0.06)

Kyuma , 2004 (31) 0.99 3.12 (0.51 - 19.08)

Wakabayashi, 2001 (28 B) 1.11 0.13 (0.02 - 0.74)

Anastasiou -Nana, 2005 (23) 2.11 2.42 (0.70 - 8.36)

Matsui, 2002 (36) 2.54 1.26 (0.41 - 3.91)

Nakata, 2005 (27) 2.70 0.15 (0.05 - 0.45)

Ogita, 2001 (22) 2.75 1.31 (0.44 - 3.89)

de Milliano, 2002 (29) 2.89 0.90 (0.31 - 2.60)

Arimoto, 2004 (32) 2.96 1.36 (0.48 - 3.89)

Fujimoto, 2004 (34) 3.17 2.82 (1.03 - 7.76)

Momose , 1999 (37) 3.38 7.00 (2.63 - 18.64)

Imamura, 2001 (33) 3.47 0.06 (0.02 - 0.15)

Nakata, 2003 (26) 3.68 0.33 (0.13 - 0.84)

Merlet, 1992 (24) 4.65 5.25 (2.28 - 12.12)

Merlet, 1999 (25) 5.28 4.74 (2.16 - 10.38)

Cohen -Solal , 1999 (20) 57.52 2.02 (1.59 - 2.56)

100.00Total (95% CI)

Chi-square for heterogeneity:
134.45; P < 0.001; I

2
= 88.1%

0.1 0.2 0.5 1 2 5 10

Hazard Ratio

Eventno Event

DeathSurvival
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0.30-3.61; test for effect: Z=0.07, p=0.94). Figure 5 shows the pooled HR for a cardiac 

event and washout in the 2 remaining best quality studies (1.08 [95%CI: 1.01-1.14; I2 

= 26.7%; test for overall effect: Z=2.31, p=0.02]). The reduction in heterogeneity, how-

ever, did not result in a significant change of the pooled HR. Furthermore, no other 

combination of studies showed a reduction of I2. 

Sensitivity analysis, using the fixed-effects model instead of the random-effects 

model, resulted in similar magnitudes of the pooled HR estimates and conclusions 

about heterogeneity.  

Discussion 

Data from our analysis suggest that patients with heart failure and decreased late H/M 

or increased myocardial 123I-MIBG washout have a worse prognosis compared to those 

Figure 2. Forest plots of hazard ratios for late H/M for qualitative best studies.  

Forest plots of hazard ratios for late H/M in relation to cardiac death (upper panel) and cardiac 
events (lower panel) for the qualitative best studies. Random effects model. Black diamonds are 
pooled estimates.  
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Test for overall effect:
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Yamada, 2003 (21)

Ogita, 2001 (22)

Cohen -Solal , 1999 (20)

Total (95% CI)

Chi-square for heterogeneity:
0.74; P = 0.69; I

2
= 0%

Test for overall effect:
Z = 5.79; P < 0.00001

Hazard Ratio

Eventno Event
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with normal semi-quantitative myocardial 123I-MIBG parameters. Furthermore, decreased 

late H/M in patients with heart failure is not associated with cardiac death. 

The notion that semi-quantitative myocardial parameters of 123I-MIBG are de-

terminants of prognosis in patients with heart failure is plausible. In patients with 

chronic heart failure, angiotensin-converting enzyme inhibitors,2 β-receptor antago-

nists,3, 4 spironolactone,5, 6 and chronic cardiac resynchronization therapy7 have shown 

to ameliorate functional capacity and prognosis. Using semi-quantitative analysis, these 

beneficial effects were associated with an increase in 123I-MIBG uptake and a reduced 

washout. However, one of the major problems with these studies is that many have lim-

Figure 3. Forest plots of hazard ratios for early H/M for all eligible studies.  

Forest plots of hazard ratios for early H/M in relation to cardiac death (upper panel) and cardiac 
events (lower panel) for all eligible studies. Random effects model. 

1.60 0.16 (0.00 - 7.06)

2.92 0.01 (0.00 - 0.19)

8.65 18.00 (3.57 - 90.85)

14.76 0.41 (0.12 - 1.43)

14.76 2.27 (0.66 - 7.82)

23.61 5.05 (1.89 - 13.44)

33.71 0.43 (0.19 - 0.98)

100.00
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Cohen -Solal , 1999 (20)

Fujimoto, 2004 (34)

Imamura, 2001 (33)

Wakabayashi, 2001 (28 A)

Anastasiou -Nana, 2005 (23)

Momose , 1999 (37)

Nakata, 2003 (26)

Total (95% CI)

Chi-square for heterogeneity:
40.44; P < 0.00001; I

2
= 85.2%

3.75 0.16 (0.02 - 1.12)

4.33 0.03 (0.00 - 0.19)
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8.55 3.76 (1.02 - 13.90)

9.50 2.42 (0.70 - 8.36)

15.21 5.05 (1.89 - 13.44)
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31.36 1.59 (0.80 - 3.15)
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ited power, analyzing only relative small numbers of patients. To address the issue of 

power and to derive more robust estimates of prognosis associated with semi-

quantitative myocardial parameters of 123I-MIBG we pooled published studies. A sys-

tematic review process was adopted in ascertaining studies, thereby avoiding selection 

bias. 

Publication bias is a major concern in all forms of pooled analyses, as studies 

reporting significant findings are more likely to be published than those reporting non-

significant results. Indeed, it is not unusual for small-sized early studies to report a posi-

Figure 4. Forest plots of hazard ratios for myocardial washout for all eligible studies. 

Forest plots of hazard ratios for myocardial washout in relation to cardiac death (upper panel) and 
cardiac events (lower panel) for all eligible studies. Random effects model. Black diamonds are 
pooled estimates. 
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Matsui, 2002 (36)
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Chi-square for heterogeneity:
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= 62.7%

Test for overall effect:
Z = 2.74; P = 0.006

0.14 1.31 (0.42 - 4.06)

0.16 1.55 (0.54 - 4.41)

0.17 3.02 (1.10 - 8.30)

0.18 9.10 (3.42 - 24.26)

0.30 1.09 (0.51 - 2.33)

0.37 1.61 (0.81 - 3.19)

0.43 1.39 (0.73 - 2.62)

45.09 1.07 (1.01 - 1.14)

53.17 1.06 (1.00 - 1.12)

100.00 1.08 (1.03 - 1.12)
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tive relationship that subsequent larger studies fail to replicate. In the present study, 

there was no evidence for publication bias. 

As with any systematic review, further sources of bias may have affected these 

results. Another potential source of bias is whether all relevant studies have been identi-

fied. While a small number of part-published studies may have been omitted, it is likely 

that all key published analyses have been identified. Furthermore, bias in the selection of 

studies was avoided by adopting rigid inclusion criteria. A potential source of bias spe-

cific to this study is that of overlapping data sets. Although a number of such data sets 

were identified, this bias was minimized by excluding such data sets, replacing these by 

only the most recent or complete study. Heterogeneity between studies may represent a 

further potential source of bias. Indeed for late H/M and early H/M I2 was equal or 

more than 75%. However after limiting the analysis to the qualitative best studies het-

erogeneity was reduced to an acceptable level. An other common denominator (i.e. pa-

tient characteristics, NYHA classification, etiology of heart failure, events, duration of 

follow-up or technical aspects) in these three ”high quality” studies, that explained for 

the reduction in heterogeneity could not be found. 

However, due to heterogeneity the results were obtained from a relative small 

number high quality studies. This relative small number of high quality studies empha-

sizes the need to improve the quality of future research. In light of the findings of our 

Figure 5. Forest plots of hazard ratios for myocardial washout in relation to cardiac events for the 
qualitative best studies. 
Random effects model. Squares are mean weighted hazard ratios (logarithmic scale). The size of the 
squares represents study weight and horizontal lines represent 95% CI. Black diamond is pooled 
estimate. 
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study special attention should be given to parameters that improve the internal validity 

(adequate methods). In addition, the scorings system developed for the current analysis 

may be of use in the design of future studies. 

Only five studies performed and analyzed all three semi-quantitative myocardial 

MIBG parameters.20, 23, 26, 33, 34, 37 The exclusion of one or two semi-quantitative myocar-

dial MIBG parameters in the remaining studies in which insufficient data were pre-

sented for specific data point extraction might have affected our results. The selection of 

studies for inclusion is a critical factor for any such analysis, and in accordance with the 

Cochrane collaboration principles we have attempted to avoid selection bias by includ-

ing all relevant studies.38 Analyses without these partial absent semi-quantitative myo-

cardial MIBG parameters showed a worse prognosis for patients with heart failure and 

increased myocardial sympathetic activity. However, we cannot exclude or estimate the 

bias from these studies. 

Therapy like medication or bi-ventricular devices may also have been a potential 

factor for bias. Myocardial 123I-MIBG uptake is influenced by drugs like angiotensin-

converting enzyme inhibitors2, β-receptor antagonists3, 4, and spironolactone.5, 6 In most 

of the included studies baseline information on medication is given indicating that pa-

tients are already on medication at the time of the 123I-MIBG scintigraphy. It is to be 

expected that these drugs may have increased myocardial uptake and reduced myocar-

dial washout at the baseline assessment. This effect may therefore have blunted the 

found results. Despite this possible bias, analyses showed a worse prognosis for patients 

with heart failure and increased myocardial sympathetic activity. However, we cannot 

exclude or estimate the bias from medication. 

In addition to the prime emission of 159-keV photons, 123I emits high-energy 

photons of more than 400-keV (approximately 2.87%, main contributor 529 keV 

[1.28%]). These high-energy photons lead to penetration of the collimator septa and 

cause scatter detected in the 159-keV energy window. Planar H/M ratios are influenced 

by scatter and septal penetration from increasing amounts of liver activity. These effects 

are less pronounced for medium-energy collimators.39 Regardless, low-energy collima-

tors were frequently used in the selected studies. This may have biased the outcome of 

the analysis. 
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Furthermore it is important to realize that prognosis is conditional. In the ideal 

case one would like to monitor the natural history of a disease. However, in (clinical) 

practice patients will be treated and thereby influence the history of a disease. In that 

sense prognosis is conditional. 

In conclusion, data from our analysis suggest that patients with heart failure and 

abnormal semi-quantitative myocardial 123I-MIBG parameters have a significantly worse 

prognosis compared to those with relative normal semi-quantitative myocardial 123I-

MIBG parameters. More specific, a decreased late H/M is associated with a higher inci-

dence of cardiac events and is, however, not associated with cardiac death. Furthermore, 

an increased myocardial washout is associated with both cardiac death and cardiac 

events. Therefore, semi-quantitative myocardial 123I-MIBG uptake and washout are 

promising prognostic markers in patients with heart failure. 
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Summary 

Chronic heart failure (CHF) is a complex clinical syndrome that is characterized by ab-

normal function of the ventricles and activation of neurohormonal compensation 

mechanisms, and is accompanied by effort intolerance, fluid retention and reduced lon-

gevity. In Europe, the prevalence of CHF is estimated at about 1% (approximately 4 

million patients in Western Europe), while in the United States, the number of CHF 

patients is approximately 5 million.1-4 About $30 billion in costs, a million hospitaliza-

tions and 55,000 deaths are directly attributed to CHF in the United States of America 

(USA) annually.3, 4 CHF is the only category of cardiovascular diseases for which the 

prevalence, incidence, hospitalization rate, mortality, and total burden of costs have in-

creased in the past 25 years. This is related to the increasing number of elderly patients 

with impaired left ventricular function. The incidence of CHF is approximately 1% of 

the population and increases to 8% after the age 65.3, 4 Due to the aging of the popula-

tion and the improved survival after acute myocardial infarction, it is likely that the inci-

dence of CHF and its impact on public health will continue to increase.3-7 

In chapter 1, we discuss the relation between CHF, myocardial sympathetic in-

nervation and 123I-meta-iodobenzylguanidine (MIBG) as a suitable radio-pharmaceutical 

to visualize and quantify this sympathetic activity, and formulate the purpose of this 

thesis. In a condition of decreased cardiac output, the cardiovascular system is able to 

maintain an adequate tissue perfusion through the activation of endogenous neurohor-

monal compensation mechanisms. There is substantial evidence that these neurohor-

monal compensation mechanisms play an important role in sustaining the process of 

remodeling (i.e. a change in the geometry and structure of the left ventricle such that 

the chamber dilates and/or hypertrophies and becomes more spherical).8-15 In patients 

with CHF, this increased sympathetic activity in combination with cardiac sympathetic 

dysfunction are related to an unfavorable outcome. In recent years, large scale clinical 

trials have documented the benefits of pharmacological therapies aiming at limiting left 

ventricular remodeling and even reversing this process. Treatment with angiotensin-

converting enzyme (ACE) inhibitors and β-blockers is beneficial for all patients with left 

ventricular dysfunction. More recently, aldosterone antagonists have shown to be bene-
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ficial in patients with symptomatic heart failure. These beneficial effects were associated 

with an increase in myocardial uptake of 123I-MIBG, an norepinephrine analog. How-

ever, despite the large number of published studies on cardiac 123I-MIBG imaging, 

methodological and analytical limitations have made it difficult to precisely define the 

value of this technique for the evaluation and management of individual patients. 
123I presents imaging problems owing to high energy photon emission. In 

chapter 2, we first investigated the influence of collimators on 123I-MIBG studies heart/

mediastinal ratios (H/M ratios). Secondly, we assessed the influence on H/M ratios of 

different activity concentrations, simulating clinical conditions. Thirdly, the value of 

scatter correction was assessed. We found that planar H/M ratios were influenced by 

scatter and septum penetration from increasing amounts of liver activity. These effects 

were less for medium energy (ME) collimators. Although scatter correction increased 

ratios overall, it did not improve the relative differences between the ratios. Scatter 

correction therefore does not add any benefit to obtain an accurate reflection of 

myocardial activity concentrations. For a straightforward implementation of semi-

quantitative 123I-MIBG myocardial studies, we recommend the use of ME collimators 

without scatter correction. 

Although several myocardial 123I-MIBG indices are increasingly used to detect 

alterations in myocardial sympathetic activity in various forms of cardiac pathology, 

published measurements of normal values and intra-individual variability are lacking. In 

chapter 3, we assessed normal values and the intra-individual variability of commonly 

used 123I-MIBG indices in a relatively large group of twenty-five healthy subjects. Heart-

mediastinum ratio (H/M) and myocardial washout were calculated from planar images 

comparing three different methods for the assessment of myocardial activity: (1) global 

region over the myocardium (cavity included), (2) global region over the myocardium 

(cavity excluded), and (3) fixed small myocardial region. Segmental (relative) uptake 

and washout were assessed by SPECT. We found that 123I-MIBG H/M (planar) and 

relative segmental uptake (SPECT) show a low (less than 5%) inter-individual and in-

tra-individual variability. We therefore conclude that myocardial 123I-MIBG indices en-

able the detection of relatively small (regional) variations in myocardial sympathetic 

nervous function. Furthermore, the low inter-individual and intra-individual variability 
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of myocardial 123I-MIBG indices enable adequate monitoring of the effects of therapeu-

tic interventions in patients with various cardiac diseases 

MIBG, in analogy to catecholamines, is removed primarily from the circulation 

by sodium driven, desipramine sensitive, high affinity transporters into the pre-synaptic 

noradrenergic neurons and stored in the pre-synaptic storage vesicles (i.e. uptake-1).16 In 

addition, there is MIBG uptake by a second, corticosterone sensitive, low affinity, high 

capacity, extra-neuronal transport system, originally named uptake-2.17 Uptake-1 pre-

dominates at low concentrations of both catecholamines and MIBG, whereas uptake-2 

predominates at higher concentrations.18 Blocking experiments have shown that uptake-

2 is responsible for up to 61% of cardiac MIBG uptake.19-23 For routine clinical studies, 

the production of 123I-MIBG involves isotopic exchange, and as such a low specific ac-

tivity (presence of a considerable amount of carrier in the final product).24 As uptake-2 

predominates at higher concentration of MIBG, scintigraphic determined semi-

quantitative parameters will not improve by increasing the dose of 123I-MIBG using a 

low specific activity MIBG preparation. Increasing the dose of 123I-MIBG might even 

lead to saturation of the uptake-1 mechanism. Reduction of the total amount of MIBG 

in combination with a higher specific activity (higher ratio radio-labeled / non-radio-

labeled, i.e. no-carrier-added (nca) MIBG), however, may favor myocardial uptake of 

MIBG through uptake-1.25 Theoretically, nca 123I-MIBG may lead to a better contrast 

between specific and non-specific MIBG uptake as compared to ca 123I-MIBG. We 

therefore hypothesized that nca 123I-MIBG, through predominant uptake via the up-

take-1 mechanism, represents true myocardial sympathetic activity. In contrast, ca 123I-

MIBG is influenced by a variable proportion of extra-neuronal uptake in the myocar-

dium and in surrounding tissues. In chapter 4, we evaluated this hypothesis in an ani-

mal setting. We found that nca 123I-MIBG had the highest absolute cardiac uptake and 

blocking uptake-1 resulted in a significant decrease of absolute cardiac uptake of nca 
123I-MIBG. Blocking uptake-2 did not result in a significant reduction of nca 123I-

MIBG cardiac uptake. We therefore concluded that nca 123I-MIBG yields a higher myo-

cardial uptake than ca 123I-MIBG and is associated with a higher specific as well as a 

lower non-neuronal uptake.  
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In line with these findings we hypothesized that, in humans, assessment of myo-

cardial sympathetic activity with nca 123I-MIBG compared to ca 123I-MIBG would lead 

to an improvement of clinical performance without major differences in radiation do-

simetry. In chapter 5, we studied these hypotheses in healthy subjects. We found that 

nca 123I-MIBG yielded a higher relative myocardial uptake (increase of 25%) and was 

associated with a lower myocardial washout. This difference between nca 123I-MIBG 

and ca 123I-MIBG in myocardial uptake did not result in significant differences in esti-

mated absorbed doses. Therefore, nca 123I-MIBG is to be preferred over ca 123I-MIBG 

for the assessment of cardiac sympathetic activity. 

In chapter 6, we examined whether cardiac resynchronization therapy (CRT) 

induces improvements in the neurohormonal system. Corroborating the functional im-

provement and echocardiographic reverse remodeling and resynchronization, we found 

that CRT induces favorable changes in the neurohormonal system. 

Although there have been a large number of single-center publications on 

cardiac 123I-MIBG imaging in CHF, application of the findings to clinical patient 

management has been constrained because of relatively small sample sizes and limited 

standardization of quantitative analysis techniques among studies. In chapter 7, we 

describe the results of a European multi-center study. This study was performed to 

demonstrate that reproducible quantitative results could be obtained through 

application of a standardized methodology for processing and analysis of previously 

acquired 123I-MIBG myocardial images. The results of these analyses were then used to 

confirm past observations that cardiac 123I-MIBG imaging results were predictive of 

CHF patient risk for experiencing a potentially fatal cardiac event. The findings showed 

that the analysis methodology is suitable to be used effectively in future prospective 

studies and in routine clinical practice. The data suggested that a quantitative low-risk 

threshold for all major cardiac events (late H/M >2.0), and by extension potentially fatal 

ventricular arrhythmias, can be defined. We therefore conclude that 123I-MIBG for the 

assessment of cardiac sympathetic innervation has a powerful prognostic value in CHF. 

Although this study represents an important first step to validate and standardize 

the use of 123I-MIBG in clinical cardiology, we were confronted with a wide range of 
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administered activities ranging, from 74 to 370 MBq, equipment (gamma cameras from 

multiple manufacturers with different crystal thicknesses and collimators) and 

acquisition techniques employed by the participating centers in five European countries. 

The of standardization in acquisition parameters may explain in part variation in late H/M 

ratios and thus limit large scale implementation of myocardial 123I-MIBG imaging 

parameters imaging in clinical management of patients with CHF. In chapter 8, we 

tested the hypothesis that variations in 123I-MIBG imaging are not only explained by 

patient parameters related to CHF but are also dependent on acquisition parameters. 

The results showed that, in particular, collimation type and duration of acquisition were 

associated with variations in late H/M. For a more standardized semi-quantitative 

cardiac 123I-MIBG imaging, taken together with the findings from chapter 2, we 

therefore advise the use of ME collimators and a minimum acquisition duration of at 

least 10 minutes. 

A number of studies have investigated the relationship between semi-

quantitative myocardial 123I-MIBG parameters (early heart-mediastinal ratio (H/M), 

late H/M and myocardial washout) and prognosis in CHF. However, estimates of the 

hazard ratio (HR) among studies differ. To derive a more precise estimate of the prog-

nostic significance of myocardial 123I-MIBG parameters, we have reviewed and pooled 

data from published studies. In chapter 9, we describe the results of this systematic re-

view. The data from our analysis suggest that patients with CHF and abnormal semi-

quantitative myocardial 123I-MIBG parameters have a significantly worse prognosis 

compared to those with relative normal semi-quantitative myocardial 123I-MIBG pa-

rameters. More specifically, a decreased late H/M is associated with a higher incidence 

of cardiac events and is not associated with cardiac death. Furthermore, an increased 

myocardial washout is associated with both cardiac death and cardiac events. Therefore, 

semi-quantitative myocardial 123I-MIBG uptake and washout are promising prognostic 

markers in patients with heart failure. However, due to heterogeneity between the dif-

ferent studies, the results were obtained from only a relative small number of high qual-

ity studies. This relatively small number of high quality studies emphasizes the need to 

improve the quality of future research. In view of these findings, taken together with the 

results from the other chapters in this thesis, there is a need for validation and standardi-
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General discussion and future perspective 

Despite the large number of studies on cardiac 123I-MIBG imaging, methodological and 

analytical limitations have hampered large scale implementation of this technique for 

the evaluation and management of individual patients. However, a prerequisite for large 

scale implementation of 123I-MIBG imaging in clinical cardiology is adequate reproduci-

bility, standardization and validation. 123I-MIBG has been shown by individual centers 

to have both good reproducibility, acceptable variability, and to have prognostic value in 

CHF patients. These single-center experiences, however, do not necessarily allow for 

extrapolation of the obtained results to other centers. In spite of this, quantitative 

thresholds are often implemented without inter-institutional validation. Because there 

are differences between centers in hardware, acquisition parameters and post-acquisition 

processing, the extrapolation to other centers, or generalization of these single-center 

findings, is not per se justified. Especially due to the lack of well defined data sets, vali-

dation in each separate center and between centers has not been possible. Recently, a 

realistic 3D gated cardiac phantom, the Amsterdam gated cardiac phantom (AGATE 

phantom), was developed and validated.26 Such a phantom could be used as a tool for 

the validation in each separate center and standardization between centers. However, a 

phantom can only partially simulate patient characteristics. Therefore, the phantom re-

sults obtained will give only an impression of repeatability and variability, but they do 

not necessarily reflect the accuracy of measurements in patients. Therefore, in addition 

to the phantom measurements, a set of reference patient studies should also be included 

in a validation of the technique.27 Moreover, the results should be validated in each 

separate center, and monitored for reproducibility and consistency. 

In addition to validation, standardization of acquisition and processing will lead 

to improved accuracy of the cardiac measured 123I-MIBG parameters. We have shown 

that collimation and image acquisition duration substantially influence accuracy of the 

measured 123I-MIBG parameters. Moreover, a rigorously and uniform analysis of the 

cardiac 123I-MIBG parameters minimizes inter- and intra-individual variation. We hope 

that our findings will help in improving the quality of myocardial 123I-MIBG imaging, 

to further its role as a tool in individual CHF patient management. 
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In addition to the morbidity and mortality associated with ventricular dysfunc-

tion, there is also an increased incidence of sudden cardiac death (SCD) in heart failure 

patients. Patients with severely reduced left ventricular ejection fraction (LVEF) (<30-

35%) are especially at risk.28-30 Although medical therapies for CHF have been success-

ful in reducing morbidity and mortality, in recent years there has been a rapid increase 

in the use of implanted devices as primary treatment for this condition.31-33 This devel-

opment in therapeutic strategy has had an increasing impact on healthcare budgets in 

the USA and Europe and has stimulated interest in diagnostic tests capable of providing 

insight into future risk for heart failure progression and arrhythmic SCD.34, 35 One po-

tential area for research is the sympathetic innervation of the heart, both because of its 

involvement in the regulation of myocardial contractility and because of the possible 

link between catecholamine hypersensitivity and ventricular arrhythmias.36, 37 In addi-

tion, the (radio)-pharmaceutical industry has recognized the potential role of 123I-MIBG 

in the clinical management of CHF. In the USA 123I-MIBG is not commercially avail-

able. Trials, sponsored by the (radio)-pharmaceutical industry, are ongoing with the 

main goal to seek Federal Food and Drug Administration (FDA) approval for the use of 
123I-MIBG in CHF patients for the prediction of heart failure progression and arrhyth-

mic SCD. Although validation and standardization are laborious, the timing for orga-

nizing adequate validation and standardization could not be more ideal. 

In addition to the validation and standardization of 123I-MIBG myocardial ac-

quisition related parameters, variation in results may also be related to differences in spe-

cific activity of 123I-MIBG. No-carrier-added (nca) 123I-MIBG yielded a higher relative 

myocardial uptake and was associated with a lower myocardial washout without major 

differences in radiation dosimetry. Therefore, nca 123I-MIBG is to be preferred over car-

rier-added (ca) 123I-MIBG for the assessment of cardiac sympathetic activity. At the time 

of writing, preparations are being made to evaluate the hypothesis that in CHF patients 

nca 123I-MIBG in comparison with ca 123I-MIBG will lead to a substantially higher rela-

tive myocardial uptake. Moreover we hypothesize that the substantially higher myocar-

dial uptake with nca 123I-MIBG will lead to a lower variability and therefore to a better 

correlation with other (clinical) parameters of heart failure. However, it is not known 

whether a more accurately determined 123I-MIBG myocardial parameter will also lead to 
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an improved prognostic accuracy. This study is also designed to establish possible differ-

ences in prognostic value between nca 123I-MIBG and ca 123I-MIBG. Although we 

found a 25% increase of myocardial uptake for nca 123I-MIBG compared with ca 123I-

MIBG, in both rats and humans, it is open to discussion whether this (relative small) 

increase in uptake justifies the higher costs of production for nca 123I-MIBG. The aspect 

of cost-effectiveness of nca 123I-MIBG over ca 123I-MIBG for routine imaging of cardiac 

sympathetic activity will also be evaluated in this future study.  

Conclusions 

In patients with CHF, increased sympathetic activity and cardiac sympathetic dysfunc-

tion are important compensatory mechanisms and are related to an unfavorable out-

come. In recent years, large scale clinical trials have documented the benefits of pharma-

cological therapies aiming at limiting left ventricular remodeling and even reversing this 

process. These beneficial effects were associated with an increase in myocardial uptake of 
123I-MIBG. Despite the large number of published studies on cardiac 123I-MIBG imag-

ing in CHF patients, methodological and analytical limitations have hampered large 

scale implementation of this technique for the management of individual patients. In 

this thesis we have shown that there is a substantial effect of collimation on the accuracy 

of the measured 123I-MIBG parameters. Moreover, a rigorously and uniform analysis of 

the cardiac 123I-MIBG parameters minimizes inter- and intra-individual variation. Fur-

thermore, despite differences in acquisition techniques and data analysis of cardiac 123I-

MIBG parameters, we conclude that 123I-MIBG for the assessment of cardiac sympa-

thetic innervation has powerful prognostic value in CHF. In addition, our data suggest 

that a quantitative threshold for low-risk can be defined. These data represent a first step 

to validate and standardize the use of 123I-MIBG imaging in clinical cardiology. In con-

clusion, improving the standardization and validation of 123I-MIBG myocardial scinti-

graphy, and thus reducing the variations in obtained results, will lead to a much more 

accepted application of the findings to clinical patient management in CHF. 
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The findings in this thesis can be summarized as follows: 

• Collimation has a definite effect on accuracy of semi-quantitative 123I-MIBG 

myocardial parameters in favor of medium energy (ME) collimators. 

• Scatter correction increases semi-quantitative 123I-MIBG myocardial ratios over-

all, but does not improve the relative differences between the ratios. Scatter cor-

rection therefore does not add any benefit to obtain an accurate reflection of 

myocardial activity concentrations. 

• The use of ME collimators without scatter correction is therefore recommended, 

for a straightforward implementation of semi-quantitative 123I-MIBG 

myocardial studies. 

• Applying rigorous methodology leads to low (<5%) inter- and intra-individual 

variation of semi-quantitative 123I-MIBG myocardial parameters. 

• In rats, nca 123I-MIBG for the assessment of cardiac sympathetic activity yields a 

higher absolute myocardial uptake than ca 123I-MIBG and is associated with a 

higher specific as well as a lower non-neuronal uptake. 

• In human volunteers, nca 123I-MIBG yields a higher relative myocardial uptake 

(25%) and is associated with a lower myocardial washout compared to ca 123I-

MIBG. 

• The difference between nca 123I-MIBG and ca 123I-MIBG in myocardial uptake 

in human volunteers does not result in significant differences in estimated ab-

sorbed doses. 

• Parallel to functional improvement and echocardiographic reverse remodeling 

and resynchronization, cardiac resynchronization therapy (CRT) is associated 

with favorable changes in 123I-MIBG myocardial uptake. 

• Despite the current large variations in methodology, 123I-MIBG imaging to as-

sess cardiac sympathetic innervation has a powerful prognostic value in CHF. 

• In addition, the data suggest that a 123I-MIBG myocardial quantitative threshold 

for low-risk for potentially fatal ventricular arrhythmias can be defined.  
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Samenvatting 

Chronisch hartfalen (CHF) is een complex klinisch syndroom. Het wordt gekenmerkt 

door een verminderde linkerventrikelfunctie en activatie van neurohumorale 

compensatie mechanismen. Patiënten met CHF hebben een verminderde 

inspanningstolerantie, houden vocht vast, en hebben een verminderde levensduur. In 

Europa bedraagt de prevalentie van CHF ongeveer 1% (ongeveer 4 miljoen patiënten in 

West-Europa). In de Verenigde Staten bedraagt het aantal patiënten met CHF 5 

miljoen, en bedragen op jaarbasis de direct hieraan gerelateerde kosten ongeveer $30 

miljard, het direct hieraan gerelateerd aantal ziekenhuisopnames 1 miljoen en het direct 

hieraan gerelateerd aantal doden 55,000.1-4 CHF is de enige categorie van 

cardiovasculaire ziekte waarvan de afgelopen 25 jaar zowel het totale aantal patiënten 

met de ziekte (prevalentie), als het aantal nieuwe patiënten met de ziekte (incidentie), 

opname frequentie, mortaliteit en totale kosten zijn toegenomen. Deze stijging komt 

vooral door een toename van het aantal oudere patiënten met een verminderde 

linkerventrikelfunctie. De incidentie van CHF na het 65e levensjaar stijgt tot ongeveer 

8%.3,4 Door de vergrijzing van de bevolking en de verbeterde overleving na het acute 

myocard infarct is het aannemelijk dat de incidentie van CHF en de daaraan 

gerelateerde belasting voor het gezondheidsstelsel zal stijgen. CHF is dus niet alleen een 

groot probleem voor de gezondheidszorg, maar ook voor de maatschappij.3-7 

In hoofdstuk 1 wordt de relatie besproken tussen CHF, myocardiale 

sympathische innervatie en 123I-meta-iodobenzylguanidine (123I-MIBG), een 

radiopharmacon waarmee we de sympathische zenuwactiviteit van het hart zichtbaar 

kunnen maken en meten. De semi-kwantitatieve cardiale 123I-MIBG indices worden 

berekend als een verhouding tussen specifieke opname (het hart) en niet-specifieke 

opname (het mediastinum). De 3 meest gebruikte semi-kwantitatieve cardiale 123I-

MIBG indices zijn de vroege hart-mediastinale ratio (H/M), bepaald tussen de 5 en 20 

minuten na toediening van 123I-MIBG; de late H/M ratio, bepaald tussen de 3 en 4 uur 

na toediening van 123I-MIBG; en de cardiale uitwas, berekend als het verschil tussen de 

vroege H/M en de late H/M en uitgedrukt als een percentage van de vroege H/M. 

Neurohumorale compensatie mechanismen, waaronder het sympathische zenuwstelsel, 
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zorgen dat in een toestand van verminderde cardiale output er een adequate weefsel 

perfusie is. Deze compensatie mechanismen spelen echter een belangrijke rol bij het in 

stand houden van het remodelling proces. Remodelling is het zodanig veranderen van 

de geometrie en structuur van de linkerventrikel dat deze dilateert en/of hypertrofieert 

en meer sferisch van vorm wordt.8-15 Bovendien is de verhoogde sympathische activiteit 

in patiënten met CHF geassocieerd met een slechte prognose. De afgelopen jaren 

hebben meerdere grote studies laten zien dat therapieën gericht op het remmen van 

remodelling een betere prognose geven. Deze therapieën bleken ook geassocieerd te zijn 

met een verbetering van de cardiale sympathische dysfunctie zoals bepaald met 123I-

MIBG. Ondanks een groot aantal gepubliceerde studies over cardiale 123I-MIBG 

scintigrafie maken methodologische en analytische beperkingen echter een eenduidige 

interpretatie van de resultaten lastig. Deze beperkingen hebben ongetwijfeld te maken 

met de bescheiden rol die 123I-MIBG op dit moment binnen de klinische cardiologie 

speelt. Verschillende aspecten van deze methodologische en analytische beperkingen 

worden in dit proefschrift besproken. Er is daarbij aandacht voor de prognostische 

waarde van 123I-MIBG in CHF en er worden resultaten van een meer specifieke vorm 

van 123I-MIBG gepresenteerd. 

Een collimator is een essentieel onderdeel van een gammacamera. Een 

collimator bestaat uit een loden plaat met een groot aantal openingen, gescheiden door 

tussenschotten (septa). De schuininvallende fotonen worden afgeremd/gestopt door het 

lood van de septa en alleen de recht invallende fotonen bereiken het kristal van de 

gammacamera. Naast het primaire fysisch verval met voor gamma–camera’s zeer 

geschikte 159-keV fotonen, vervalt 123I ook met hoog energetische fotonen. Deze hoog 

energetisch fotonen penetreren de septa (tussenschotten) van de collimatoren en zorgen 

daarmee voor scatter (verstrooiing) en verstoring van het scintigrafische beeld. In 

hoofdstuk 2 hebben we de invloed van verschillende collimatoren onderzocht op de 

klinisch gebruikte 123I-MIBG hart-mediastinale ratio (H/M ratio). Daarnaast hebben 

we, gebruik makend van het AGATE fantoom, de invloed van verschillende klinische 

condities gesimuleerd op deze H/M ratio. Als laatste onderzochten we de waarde van 

geautomatiseerde scattercorrectie. We vonden dat scatter en septum penetratie, bij 

toenemende hoeveelheden radioactiviteit in de lever, de H/M ratio beïnvloedt. Dit 
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effect was het minst uitgesproken bij medium energie (ME) collimatoren. ME 

collimatoren hebben in vergelijking met lage energie collimatoren iets dikkere septa, en 

zijn specifiek gemaakt voor fotonen met een intermediaire energie. Geautomatiseerde 

scattercorrectie leidde tot een stijging van de H/M ratio maar zorgde niet voor een beter 

onderscheid tussen de verschillende klinische condities. Geautomatiseerde 

scattercorrectie is daarom niet het meest geschikte instrument om te komen tot een 

accurate afspiegeling van cardiale radioactiviteitconcentraties. De conclusie is dan ook 

dat voor een simpele en eenduidige toepassing van semi-kwantitatieve 123I-MIBG 

cardiale onderzoeken, ME collimatoren zonder geautomatiseerde scattercorrectie het 

meest geschikt zijn.  

De afgelopen jaren is in toenemende mate gebruik gemaakt van 123I-MIBG voor 

de bepaling van veranderingen in de cardiale sympathische activiteit. Desondanks 

ontbreken gepubliceerde data over de normaalwaarde en de intra-individuele variatie. In 

hoofdstuk 3 worden de resultaten beschreven van een studie waarin de normaalwaarden 

en de intra-individuele variatie werden bepaald van de klinische gebruikte 123I-MIBG 

cardiale indices in een groep van 20 gezonde vrijwilligers. De H/M ratio en de 

myocardiale uitwas van 123I-MIBG, berekend op basis van planaire opnames, werden op 

3 verschillende manieren bepaald: (1) een globale regio over het gehele hart, inclusief de 

linkerventrikelholte; (2) een globale regio over het gehele hart, exclusief de 

linkerventrikelholte; en (3) een kleine myocardiale regio. De segmentale (relatieve) 

opname en uitwas werd ook bepaald met single photon emission tomography (SPECT). 

De 123I-MIBG H/M (planair) en relatieve segmentale opname (SPECT) toonden een 

geringe (<5%) intra-individuele en inter-individuele variatie. De conclusie is daarom 

dan ook dat relatief kleine veranderingen in sympathische activiteit met 123I-MIBG 

vastgesteld kunnen worden. Bovendien maakt de relatief lage intra-individuele en inter-

individuele variatie van de 123I-MIBG indices adequate monitoring van effecten van 

behandelingen mogelijk. 

MIBG wordt naar analogie van catecholamines uit de bloedsomloop verwijderd 

door natrium gedreven en desipramine gevoelige transporters. Deze transporters zijn 

gelegen in de pre-synaptische noradrenerge neuronen en hebben een hoge affiniteit maar 

een lage capaciteit. MIBG wordt vervolgens opgeslagen in de pre-synaptische opslag 
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vesicles (uptake-1 mechanisme).16 Naast het uptake-1 mechanisme is er een tweede 

opname mechanisme (uptake-2 mechanisme). Dit extraneuronaal gelegen 

opnamemechanisme is gevoelig voor corticosteron maar heeft in tegenstelling tot het 

uptake-1 mechanisme een lage affiniteit maar een hoge capaciteit voor MIBG.17 Met 

andere woorden bij lage concentraties van zowel catecholamines als MIBG heeft het 

uptake-1 mechanisme de overhand maar bij hogere concentraties heeft het uptake-2 

mechanisme de overhand.18 Experimenten waarbij de uptake mechanismen 

farmacologisch werden geblokkeerd hebben laten zien dat het uptake-2 mechanisme tot 

wel 61% verantwoordelijk is voor de opname van MIBG.19-23 Bij de labeling van MIBG 

met 123I wordt gebruik gemaakt van isotopische uitwisseling. Hierbij ontstaat 123I-MIBG 

met een lage specifieke activiteit waarbij er een relatief hoge concentratie van ongelabeld 

MIBG in het uiteindelijke preparaat zit (carrier-added [ca] MIBG).24 Het uptake-2 

mechanisme heeft de overhand bij hogere concentraties van MIBG. Daarom zal de 

kwaliteit van de scintigrafisch bepaalde semi-kwantitatieve indices niet toenemen door 

individuele patiënten een hogere dosis van het laag specifiek 123I-MIBG te geven. Deze 

hogere dosis kan zelfs leiden tot verzadiging van het uptake-1 mechanisme. Daarmee 

kan in het klinische gebruik van ca 123I-MIBG de variatie in opname door uptake-2 

zorgen voor een niet juiste afspiegeling van de cardiale sympathische activiteit. Een 

lagere concentratie van het totale MIBG in het preparaat in combinatie met een hoger 

labellings percentage (hogere ratio van gelabeld vs niet gelabeld MIBG, no-carrier added 

[nca] MIBG) zal daarom zeer waarschijnlijk leiden tot het afbeelden van voornamelijk 

uptake-1.25 De opname van dit nca MIBG zal in vergelijking tot het ca MIBG 

waarschijnlijk leiden tot een beter contrast tussen specifieke en niet specifiek opname 

van 123I-MIBG. Onze hypothese was dat het nca 123I-MIBG, door opname via 

voornamelijk uptake-1, een afspiegeling geeft van de ware cardiale sympathische 

activiteit. Daarentegen zal het ca 123I-MIBG worden beïnvloed door variatie in 

extraneuronale opname in het hart en omliggende weefsel. In hoofdstuk 4 onderzochten 

we deze hypothese in een dierexperimenteel model. De resultaten lieten zien dat het nca 
123I-MIBG inderdaad de hoogste absolute cardiale opname had. Verder zorgde het 

farmacologisch blokkeren van het uptake-1 mechanisme tot een significante afname van 

de nca 123I-MIBG opname in het hart. Echter, het blokkeren van het uptake-2 
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mechanisme zorgde niet voor een significante afname van de cardiale nca 123I-MIBG 

opname. We stelden daarom vast dat het nca 123I-MIBG, in vergelijking met het ca 123I-

MIBG, een hogere specifieke cardiale opname heeft maar ook een lagere extraneuronale 

opname.  

Vervolgens veronderstelden wij dat in mensen het gebruik van het nca 123I-

MIBG in vergelijking met het ca 123I-MIBG zal leiden tot een verbetering van de 

klinisch gebruikte semi-kwantitatieve indices zonder grote veranderingen in 

stralingsgeabsorbeerde dosis. In hoofdstuk 5 onderzochten we deze hypothese in 

gezonde vrijwilligers. We vonden dat het gebruik van nca 123I-MIBG geassocieerd was 

met een hogere relatieve cardiale opname (25%) en een lagere cardiale uitwas. Dit 

verschil in cardiale opname tussen het nca 123I-MIBG en het ca 123I-MIBG was niet 

geassocieerd met een statistisch verschil in stralingsgeabsorbeerde dosis. Voor het 

bepalen van cardiale sympathische activiteit heeft nca 123I-MIBG daarom de voorkeur 

boven ca 123I-MIBG. 

In hoofdstuk 6 onderzochten we de effecten van cardiale resynchronisatie 

therapie (CRT) op het neurohumorale systeem. In patiënten met CHF en een slechte 

linkerventrikel functie met daarbij een vertraging van de cardiale electrische geleiding is 

CRT een steeds belangrijker wordende behandeling. Bij CRT wordt met behulp van 

een geïmplanteerde pacemaker de contractie van de linkerventrikel gesynchroniseerd. 

Naast functionele verbetering en echografisch aangetoonde omgekeerde remodelling en 

resynchronisatie, vonden we dat CRT geassocieerd was met gunstige veranderingen in 

het neurohumorale systeem. 

Er is een groot aantal single-center studies over cardiale 123I-MIBG in CHF. De 

toepassing van de bevindingen uit deze studies in de dagelijks klinische praktijk wordt 

echter beperkt door het relatief kleine aantal geincludeerde patiënten per studie en 

beperkte standaardisatie van de gebruikte kwantitatieve analysetechnieken. In 

hoofdstuk 7 worden de resultaten beschreven van een Europese multi-center studie. Het 

doel van deze retrospectieve studie was om aan te tonen dat het mogelijk is om 

reproduceerbare semi-kwantitatieve 123I-MIBG resultaten te verkrijgen door toepassing 

van een gestandaardiseerde analyse. De uitkomst van de semi-kwantitatieve 123I-MIBG 

analyse werd vervolgens gebruikt om te bepalen in hoeverre deze voorspellend was voor 
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een (mogelijk) fatale cardiale afloop. De resultaten lieten zien dat de gebruikte semi-

kwantitatieve analyse geschikt is voor toepassing in de dagelijkse klinische praktijk en 

toekomstige prospectieve studies. Bovendien waren er aanwijzingen dat een late H/M 

ratio >2 geassocieerd was met een laag risico op een fatale cardiale afloop en in het 

bijzonder op mogelijk fatale ritmestoornissen. We concludeerden dan ook dat semi-

kwantitatieve 123I-MIBG indices voor het bepalen van cardiale sympathische activiteit 

belangrijke prognostische waarde hebben in patiënten met CHF. 

De resultaten beschreven in hoofdstuk 7 beschouwen wij als een belangrijke 

eerste stap naar de validatie en standaardisatie van het gebruik van 123I-MIBG voor de 

dagelijkse klinische praktijk. In deze Europese studie werden we echter geconfronteerd 

met een grote spreiding in toegediende hoeveelheden radioactiviteit (van 74 tot 370 

MBq), apparatuur (gammacamera’s van meerdere producenten met verschillende 

kristaldiktes en collimatoren) en acquisitie technieken. Het gebrek aan standaardisatie in 

acquisitie technieken verklaart ten dele de variatie in de late H/M ratio en beperkt 

grootschalige toepassing van 123I-MIBG in patiënten met CHF. In hoofdstuk 8 

onderzochten we de hypothese dat de variatie in de late H/M ratio niet alleen 

veroorzaakt wordt door klinische parameters maar ook afhankelijk is van acquisitie 

parameters. We vonden inderdaad dat het type collimator en de duur van acquisitie 

geassocieerd waren met de variatie in de late H/M. Om te komen tot een zoveel 

mogelijk gestandaardiseerd protocol voor het gebruik van 123I-MIBG ter bepaling van 

cardiale sympathische activiteit adviseren wij het gebruik van ME collimatoren (zie ook 

hoofdstuk 2) en een minimale acquisitie duur van 10 minuten.  

Er is een relatief groot aantal studies dat de relatie tussen semi-kwantitatieve 

cardiale 123I-MIBG indices (vroege en late H/M ratio en cardiale uitwas) en de prognose 

in patiënten met CHF heeft onderzocht. De uitkomsten, uitgedrukt als hazard ratio 

(HR), verschillen echter per studie. Om nu te komen tot een nauwkeuriger bepaling van 

de prognostische waarde van de semi-kwantitatieve cardiale 123I-MIBG indices hebben 

we de uitkomsten van een groot aantal gepubliceerde studies beoordeeld en zo mogelijk 

bijeengevoegd. De resultaten van deze systematische analyse (review) worden beschreven 

in hoofdstuk 9. De uitkomst suggereerde dat patiënten met CHF en een afwijkend 

semi-kwantitatieve cardiale 123I-MIBG parameter een slechtere prognose hebben dan 
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patiënten met CHF en een normale semi-kwantitatieve cardiale 123I-MIBG parameter. 

In het bijzonder bleek een verlaagde late H/M ratio geassocieerd met het meer 

voorkomen van cardiale gebeurtenissen maar niet met cardiale dood. Een verhoogde 

cardiale uitwas was geassocieerd met zowel cardiale gebeurtenissen als cardiale dood. De 

late H/M ratio en cardiale uitwas lijken daarom belangrijke prognostische parameters in 

patiënten met CHF. Echter, door de heterogeniciteit van de verschillende onderzoeken 

zijn de conclusies gebaseerd op een relatief klein aantal studies met hoge kwaliteit. Deze 

bevinding geeft de noodzaak aan om de kwaliteit (ontwerp en uitvoering) van 

toekomstige studies te verbeteren. In het licht van deze uitkomsten, gecombineerd met 

de resultaten van de andere hoofdstukken van dit proefschrift, bevelen wij validatie en 

standaardisatie van semi-kwantitatieve cardiale 123I-MIBG indices aan.  

Algemene discussie en perspectief 

Ondanks het grote aantal gepubliceerde studies over cardiale 123I-MIBG beeldvorming 

staan methodologische en analytische beperkingen een grootschalige toepassing van de 

techniek in de dagelijkse klinische praktijk in de weg. Voorwaarden voor een 

grootschalige toepassing zijn adequate reproduceerbaarheid, standaardisatie en validatie. 

Er zijn single-center studies die de prognostische waarde, reproduceerbaarheid en 

spreiding van 123I-MIBG in patiënten met CHF hebben beschreven. Maar omdat er 

verschillen zijn tussen centra in hardware, acquisitie- en dataverweking technieken, is de 

extrapolatie van deze single-center ervaringen niet altijd gerechtvaardigd. Desondanks 

worden kwantitatieve waarden toegepast zonder inter-institutionele toetsing. Het gebrek 

aan goed gedefinieerde patiënten datasets is een van de belangrijkste redenen voor deze 

beperkte inter-institutionele toetsing. Recent is een realistisch 3D en ECG gestuurd 

hartfantoom ontwikkeld en gevalideerd, het Amsterdam gated cardiac phantom 

(AGATE).26 Dergelijke fantomen zouden gebruikt kunnen worden voor de validatie in 

elk individueel centrum en voor inter-institutionele toetsing. Omdat een fantoom de 

humane situatie bij benadering weergeeft zullen de fantoombepaalde variatie en 

reproduceerbaarheid slechts een schatting geven van de situatie bij de mens. Voor de 

validatie is het daarom noodzakelijk om naast fantoom metingen ook enkele goed 
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gedefinieerde patiënten datasets te gebruiken.27 Het is verder belangrijk dat de validatie 

in ieder centrum afzonderlijk moet gebeuren waarbij gecontroleerd moet worden of de 

consistentie en reproduceerbaarheid in de tijd ongewijzigd blijven.  

Behalve validatie is standaardisatie van acquisitie technieken en verwerking van 

de verkregen data belangrijk om te komen tot verbetering van de nauwkeurigheid van 

de resultaten. In dit proefschrift hebben we aangetoond dat collimatoren (hoofdstuk 2) 

en duur van acquisitie (hoofdstuk 8) de nauwkeurigheid van de verkregen resultaten in 

belangrijke mate beïnvloeden. Bovendien zal een uniforme manier van analyse de 

spreiding in de intra- en inter-individuele semi-kwantitatieve cardiale 123I-MIBG 

parameter beperken (hoofdstuk 3 en hoofdstuk 7). We hopen dat onze bevindingen de 

kwaliteit van cardiale 123I-MIBG beeldvorming zal verbeteren met als uiteindelijk doel 

dat cardiale 123I-MIBG beeldvorming op een grootschalig niveau ingezet kan worden 

om de behandelstrategie voor individuele patiënten met CHF te bepalen. 

In patiënten met CHF is, naast de morbiditeit en mortaliteit geassocieerd met 

linkerventrikeldysfunctie, de incidentie van plotse hartdood verhoogd. Vooral patiënten 

met CHF en een sterk verminderde linkerventrikelfunctie (<30-35%) hebben een 

verhoogd risico op plotse hartdood.28-30 Farmacologische therapieën in patiënten met 

CHF hebben geleid tot een afname van de morbiditeit en mortaliteit. Desondanks is er 

de afgelopen jaren een forse toename van het gebruik van intra-cardiac devices 

(geïmplanteerde pacemakers die ook kunnen werken als defibrillator) als primaire 

behandeling.31-33 Deze ontwikkeling in behandel strategie in combinatie met het almaar 

stijgend aantal patiënten met CHF heeft geleid tot een toenemende druk op de 

budgetten van de gezondheidszorg. Er is daarom ook in toenemende mate interesse in, 

en behoefte aan, onderzoeken die in staat zijn inzicht te verschaffen in welke mate een 

patiënt met CHF het risico loopt op verslechtering van hartfalen en plotse hartdood.34, 35 

Het sympathische zenuwstelsel speelt een belangrijke rol bij de cardiale contractiliteit, 

bovendien is er een mogelijke associatie tussen catecholamine hypersensitiviteit en 

ventriculaire ritmestoornissen.36, 37 Dit maakt 123I-MIBG een interessante kandidaat om 

het risico op verslechtering van hartfalen en plotse hartdood te kunnen vorspellen. De 

farmaceutische industrie heeft deze rol van 123I-MIBG in het klinisch denken over 

patiënten met CHF onderkend. In de Verenigde Staten is 123I-MIBG niet commercieel 
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verkrijgbaar. Er zijn daarom nu ook door de farmaceutische industrie gesponsorde 

onderzoeken gestart. Het belangrijkste doel van deze studies is om toestemming te 

krijgen van de Food and Drug Administration (FDA) voor het gebruik van 123I-MIBG 

met als indicatie het voorspellen van verslechteren van CHF en plotse hartdood in 

patiënten met CHF. Ondanks het feit dat validatie en standaardisatie niet de meest 

aansprekende onderwerpen zijn, is juist nu het ideale moment om hier aandacht voor te 

vragen. 

Naast het gebrek aan validatie en standaardisatie van cardiale 123I-MIBG 

acquisitie gerelateerde parameters, is de variatie in de resultaten ook afhankelijk van 

verschillen in de specifieke activiteit van 123I-MIBG. No-carrier added (nca) 123I-MIBG 

resulteerde in een hogere relatieve cardiale opname en was geassocieerd met een lagere 

cardiale uitwas. Voor het bepalen van cardiale sympathische activiteit heeft nca 123I-

MIBG daarom de voorkeur boven carrier added (ca) 123I-MIBG (hoofdstuk 5). Op het 

moment van schrijven worden er voorbereidingen getroffen om te onderzoeken of ook 

in patiënten met CHF nca 123I-MIBG, in vergelijking met ca 123I-MIBG, een relatief 

hogere cardiale opname geeft. Bovendien denken we dat de hogere cardiale opname van 

nca 123I-MIBG ook zal zorgen voor een lagere spreiding in de semi-kwantitatieve 

indices. Waarschijnlijk zal deze afname in spreiding ook zorgen voor een betere 

correlatie met andere klinische parameters van hartfalen. Het is echter de vraag of 

nauwkeuriger bepaalde 123I-MIBG indices ook leiden tot een verbetering van de 

prognostische waarde. Bovendien is het de vraag of het verschil in cardiale opname 

tussen nca 123I-MIBG en ca 123I-MIBG voldoende is om de hogere kosten van productie 

van nca 123I-MIBG te rechtvaardigen. Al deze aspecten zullen aan bod komen in de 

hierboven beschreven studie.  

Conclusies 

In patiënten met CHF is de activatie van het sympathische zenuwstelsel een initieel 

belangrijk compensatiemechanisme. Echter op de lange duur is deze verhoging van 

sympathische activiteit geassocieerd met een slechte prognose. De afgelopen jaren 

hebben meerdere grote studies laten zien dat therapieën, gericht op het remmen (en 
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soms zelfs omdraaien) van remodelling, effectief zijn. Deze therapieën bleken ook 

geassocieerd te zijn met een afname van de met 123I-MIBG scintigrafie bepaalde cardiale 

sympathische activiteit. Echter ondanks een groot aantal gepubliceerde studies over 

cardiale 123I-MIBG scintigrafie maken methodologische en analytische beperkingen een 

eenduidige interpretatie van de resultaten lastig. Deze beperkingen zijn waarschijnlijk 

ook een van de redenen van de bescheiden rol die 123I-MIBG op dit moment binnen de 

klinische cardiologie speelt. Met behulp van de resultaten van de studies beschreven in 

dit proefschrift hopen wij deze rol te vergroten. We hebben aangetoond dat er een 

duidelijke invloed is van collimatoren op de nauwkeurigheid van de bepaalde 123I-MIBG 

cardiale indices. Bovendien is een uniforme analysemethode van de 123I-MIBG cardiale 

indices noodzakelijk voor het beperken van de intra- en inter-individuele variatie. We 

hebben verder aangetoond dat de prognostische waarde van de 123I-MIBG cardiale 

indices in patiënten met CHF groot is, ondanks verschillen in acquisitie technieken. We 

hebben bovendien een grenswaarde voor 123I-MIBG kunnen vaststellen waarboven 

patiënten met CHF een laag risico hebben op cardiale dood. De resultaten van de 

studies beschreven in dit proefschrift zijn daarom een eerste stap in de richting van 

standaardisatie en validatie van cardiale 123I-MIBG scintigrafie. Standaardisatie en 

validatie van 123I-MIBG zal uiteindelijk zorgen voor afname van de variatie in de 

verkregen resultaten. Hierdoor zullen de unieke eigenschappen van 123I-MIBG voor het 

bepalen van cardiale sympathische cardiale activiteit meer tot hun recht komen.  

 

 

De bevindingen van dit proefschrift kunnen als volgt worden samengevat: 

 

• Er is een duidelijk effect van collimator keuze op de nauwkeurigheid van de 

semi-kwantitatief bepaalde 123I-MIBG cardiale indices ten gunste van medium 

energie collimatoren. 

• Geautomatiseerde scattercorrectie verhoogt de semi-kwantitatief bepaalde 123I-

MIBG cardiale indices zonder dat de onderlinge relatieve verschillen verbeteren. 

Scatter correctie zorgt daarom niet voor een nauwkeuriger bepaling van de 

cardiale radioactiviteitconcentraties. 
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• In het streven naar standaardisatie van 123I-MIBG scintigrafie is daarom het 

gebruik van medium energie collimatoren zonder geautomatiseerde 

scattercorrectie aanbevolen. 

• Het toepassen van een uniforme analysemethode voor het bepalen van de semi-

kwantitatieve 123I-MIBG cardiale indices zorgt voor een relatief geringe intra- en 

inter-individuele variatie (<5%). 

• In ratten heeft nca 123I-MIBG een hogere absolute cardiale opname in 

vergelijking met ca 123I-MIBG. Bovendien is nca 123I-MIBG geassocieerd met 

een hogere specifieke opname en een lagere extraneuronale opname. 

• Bij menselijke vrijwilligers geeft nca 123I-MIBG, in vergelijking met ca 123I-

MIBG, een hogere relatieve cardiale opname (25%) en een lagere cardiale 

uitwas. 

• Het verschil in cardiale opname ten gunste van nca 123I-MIBG zorgde niet voor 

belangrijke veranderingen in geabsorbeerde stralingsdosis. 

• Cardiale resynchronisatie therapie zorgt naast functionele verbetering en 

echografische aangetoonde omkering van remodelling en resynchronisatie ook 

tot een verbetering van de semi-kwantitatieve 123I-MIBG cardiale indices. 

• Ondanks bestaande methodologische verschillen heeft 123I-MIBG in patiënten 

met hartfalen goede prognostische eigenschappen. 

• Het is zelfs mogelijk om een semi-kwantitatieve grenswaarde voor 123I-MIBG te 

kunnen vaststellen waarboven patiënten met CHF een laag risico hebben op 

cardiale dood. 
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Dankwoord 

Het maken van een proefschrift is een teamprestatie en is misschien wel het best te 

vergelijken met de voetbalsport. 

 

Om bij het begin te beginnen: het opleidingsinstituut, mijn ouders Ton en Trees. Het 

onvoorwaardelijke geloof dat jullie in mij hebben, heeft mij veel gegeven. Daarnaast is 

jullie brede interesse en belangstelling voor mij een voorbeeld. Het almaar verschuiven 

van het perspectief van mijn verhouding met jullie is een rijke ervaring. Misschien kan 

ik deze verschuiving het best beschrijven aan de hand van allerlei kluswerkzaamheden 

die ik in de loop van de tijd gedaan heb: van het op jonge leeftijd verwijderen van 

roestige kromme spijkers uit sloophout tot de recent samen gemaakte commode voor 

Nora. De haast vanzelfsprekende sterke band die ik heb met de overige talenten in het 

opleidingsinstituut, mijn zus Maartje en mijn broers Gijs en Dirk, is bijzonder: één voor 

allen en allen voor één. De interesse en waardering voor elkaars uiteenlopende 

bezigheden is geweldig en de eigenwijsheid om elkaar van advies te voorzien is soms 

overweldigend. Kortom, supporters voor het leven. 

 

Na de basisopleiding en een aantal transfers kreeg ik de kans om in een jong maar 

talentvol team te spelen: de afdeling Nucleaire Geneeskunde van het Academisch 

Medisch Centrum in Amsterdam. De trainer-coach Berthe van Eck-Smit speelde een 

belangrijke rol in mijn keuze. Het vertrouwen waarvan zij blijk geeft door mij op een 

haast Montessoriaanse wijze vrij te laten ervaar ik als stimulerend. Ondanks het feit dat 

de verantwoordelijkheid voor de opstelling van het geselecteerde elftal voor een 

belangrijk deel bij de coach ligt, heb ik de vrijheid gekregen om een deel van het 

promotie-elftal zelf samen te stellen. De transfer van Aernout Somsen, na een 

buitenlands avontuur, naar de regio Amsterdam maakte van een lang sluimerende wens 

een mogelijkheid (let op, geen kans; vrij naar Louis van Gaal). De expertise van Ellinor 

Busemann Sokole zorgde voor een juiste balans tussen jeugdig enthousiasme en 

ervaringsrealisme. De as van het team was daarmee gemaakt. Naar gelang de uitdaging 

werden de overige teamspelers geselecteerd en werd de opstelling gemaakt. Zoals met 
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alle team-sporten is de individuele prestatie altijd in dienst van het team en daarmee is 

het geheel altijd groter dan de som der delen. Niet alleen de spelers zijn belangrijk voor 

de prestatie. Ook diegenen achter de schermen die het spelen mogelijk maken en die als 

supporters het team hebben aangemoedigd, hebben een essentiële rol. Alle betrokkenen 

wil ik daarom bedanken. 

 

Voetballen op zondagochtend op de koude, natte, mistige velden in en rond Amsterdam 

is een heerlijke gelegenheid om weer even met beide benen op de grond te staan en is 

van een geheel andere aard dan het spelen in een virtueel promotie-elftal. De diversiteit 

aan tegenstanders, culturen, scheidsrechters, kantines, kleedkamers en douches zijn een 

mooie afspiegeling van de Amsterdamse samenleving. Dit maakt iedere zondag weer tot 

een ontdekkingstocht. Voor deze wekelijkse terugkeer naar de werkelijkheid wil ik mijn 

eigen teamspelers bedanken, maar vooral al die andere teams waartegen we gespeeld 

hebben. 

 

Om in voetbalsferen te blijven: er is een groep van trouwe supporters die onmisbaar zijn 

om dit alles in het juiste perspectief te kunnen plaatsen. De frequentie van de contacten 

per individu wisselen in de tijd, afhankelijk van ieders persoonlijke bezigheden en 

levensomstandigheden. Maar de intensiteit is altijd goed. Allen dank voor jullie 

vriendschap. Jan Habraken is hierbij, als kritisch constructieve collega, op het veld felle 

rechtsbuiten en daarbuiten als breed geïnteresseerd persoon, voor mij bijzonder 

belangrijk. De opgewektheid, oprechte interesse, sociale gave en de wil om altijd te 

winnen maken Jan Willem Bouquet een goede en stimulerende medespeler/tegenspeler. 

Jullie dank ik in het bijzonder.  

 

Om met het einde te eindigen en weer opnieuw te beginnen, immers ieder einde is een 

nieuw begin: Bibi, Nora en Sterre. Lieve Bibi, je bent geweldig en van ieder dag maak je 

weer een nieuw begin. Lieve Nora en lieve Sterre, jullie zijn hét nieuwe begin. Het 

plezier dat jullie hebben en geven is haast onwerkelijk. Ik ben jullie supporter voor het 

leven. 



 



 

Curriculum vitae 



 



 

239 

Curriculum vitae 

Hein Jan Verberne werd geboren op 15 april 1968 te Weesp. Het gymnasium-β 

diploma haalde hij in 1987 aan het gemeentelijk gymnasium in Hilversum. Aansluitend 

studeerde hij Geneeskunde aan de Universiteit van Amsterdam en behaalde in 1994 het 

arts-examen. De predoctorale wetenschappelijk stage liep hij, onder leiding van dr. T 

Opthof en prof.dr. MJ Janse, op het laboratorium voor de Experimentele Cardiologie in 

het Academisch Medisch Centrum te Amsterdam. In de wachttijd voor zijn coschappen 

keerde hij daar terug voor een periode van 6 maanden om dr. H Tan te assisteren bij 

zijn experimenten naar de invloed van pre-conditioning op electrische ontkoppeling.  

Na zijn arts-examen in 1994 werkte hij anderhalf jaar als AGNIO op de afdeling 

Cardiologie van het Academisch Medisch Centrum te Amsterdam. Aansluitend was hij 

vanaf 1995 als arts-onderzoeker werkzaam op de afdelingen Nucleaire Geneeskunde 

(prof.dr EA van Royen) en Cardiologie (prof.dr. JJ Piek) van het Academisch Medisch 

Centrum te Amsterdam. Tijdens deze periode bereidde hij een een groot multicenter 

onderzoek voor, naar de invloed van dotterbehandeling bij intermediaire coronaire 

afwijkingen (ILIAS studie). Het enthousiasme voor de Nucleaire Geneeskunde maakte 

dat hij uiteindelijk koos voor dit vak. Hij begon de opleiding hiervoor in 1997 in het 

Academisch Medisch Centrum te Amsterdam (opleider prof.dr. BL van Eck-Smit). In 

2000 deed hij 6 maanden onderzoek in het Oak Ridge National Laboratory in 

Tennessee, USA, naar het cardiale metabolisme in een transgeen muismodel van cardiale 

stunning, onder leiding van FF (Russ) Knapp Jr. 

Sinds zijn registratie in 2001 als Nucleair Geneeskundige is hij als staflid 

werkzaam op de afdeling Nucleaire Geneeskunde van het Academisch Medisch 

Centrum te Amsterdam, en sinds 2005 als Chef de Clinique. Het onderzoek dat in dit 

proefschrift beschreven is werd voor het grootste deel op deze afdeling uitgevoerd. Hein 

Jan Verberne is getrouwd met Bibi (Catherine) van Montfrans en samen hebben zij 2 

dochters, Nora en Sterre.  



 




