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Clinical usefulness of myocardial
innervation imaging using
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scintigraphy in evaluating the effectiveness
of pharmacological treatments in patients
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Abstract. - AIM: This study was designed to
review published data regarding the clinical use-
fulness of iodine-123-meta-iodobenzyl-guanidine
(MIBG) scintigraphy in evaluating the effective-
ness of pharmacological treatments in patients
with heart failure (HF).

METHODS: A comprehensive computer litera-
ture search of the PubMed/MEDLINE and Embase
databases was conducted to find relevant pub-
lished articles about the clinical usefulness of
MIBG scintigraphy in evaluating the effectiveness
of pharmacological treatments in patients with HF.

RESULTS: Thirty-three studies, comprising a
total sample size of 1124 patients with HF, were
included in this review. Main findings of the in-
cluded studies are presented.

CONCLUSIONS: Myocardial innervation imag-
ing using MIBG scintigraphy can be successfully
used to assess changes in cardiac sympathetic
neuronal function caused by several pharmaco-
logical interventions in patients with HF.
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Introduction

Heart failure (HF) is characterized by alter-
ations in myocardial sympathetic nerve activity:
an increased sympathetic response is initially fa-
vorable by serving as compensation for de-
creased cardiac output, but as HF progresses this
response leads to deleterious neurohormonal and
myocardial structural changes that worsen the
condition and increase the likelihood of arrhyth-
mias and cardiac death'.

The pharmacological treatment of HF involves
the antagonism of neurohormones that are in-
creased in patients with HF and have harmful ef-

fects on the myocardium. Vasodilator treatment
and B-adrenergic blockade are the cornerstone of
patients with HF.

It has been clearly demonstrated that adrener-
gic blocking agents, like bisoprolol, metoprolol
and carvedilol can improve left ventricular (LV)
function and transplant-free survival in patients
with HF*S,

Among vasodilators, ACE-inhibitors decrease
afterload while increasing cardiac output, im-
prove symptoms and survival in patients with LV
dysfunction and prevent the development of HF
in patients with asymptomatic LV dysfunction
and in those at high risk of developing structural
heart disease or HF symptoms (coronary artery
disease, diabetes mellitus, hypertension)®'°, Fur-
thermore, ACE inhibitors are known to increase
cardiac B-receptor density and to reduce cardiac
sympathetic activity in patients with HF'!,

Although ACE inhibitors decrease the circulat-
ing and tissue concentrations of angiotensin II (A-
ID), the current therapeutic regimens using ACE in-
hibitors do not adequately suppress A-II produc-
tion'?. Several reports have suggested an important
role of non-ACE mediated enzymatic pathways in
the conversion of angiotensin I to A-II'*!4, There-
fore, the angiotensin receptor blockers (ARBs) ap-
pear to be a rational treatment since they reduce
mortality and morbidity associated with HF'>.

As aldosterone causes myocardial and vascu-
lar fibrosis, direct vascular damage, and barore-
ceptor dysfunction and prevents myocardial up-
take of norepinephrine, aldosterone antagonists
have been shown to improve survival and de-
crease hospitalizations in HF patients!®2,

Amiodarone has also been reported to improve
cardiac performance in patients with HF?*>* due to
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several effects, including an antifibrillatory effect,
the ability to prolong the action potential through
alterations in potassium transport, a coronary va-
sodilatory effect, and a noncompetitive inhibition
of a-adrenergic receptors®*?. Furthermore, amio-
darone can influence thyroid hormone metabolism,
which may have cardioprotective effects®.

Myocardial innervation imaging with iodine-
123-meta-iodobenzylguanidine ('**I-MIBG)
scintigraphy provides a noninvasive tool for the
investigation of cardiac sympathetic innervation.
This technique can also demonstrate drug induced
changes in cardiac adrenergic activity?’. Radiola-
beled MIBG is considered an established sympa-
thetic neuron imaging agent useful to study the
organs richly innervated by the sympathetic ner-
vous system. MIBG is an analog of guanethidine
and is taken up by the postganglionic presynaptic
nerve endings of the adrenergic nervous system.
After depolarization, MIBG is released into the
synaptic cleft like norepinephrine, but is not me-
tabolized. Labeling MIBG with iodine-123 ('2’I)
permits the visualization of adrenergic innerva-
tion in vivo; MIBG scintigraphy not only displays
the presence of noradrenergic innervation but also
its functional capability?*2,

About the scintigraphic method of myocardial
innervation imaging, '*I-MIBG is intravenously
administered at rest and early (from 10 to 30 min-
utes after injection) and delayed (from 3 to 4 hours
after injection) images are obtained. Planar images
with anterior view are adequate for the evaluation
of cardiac sympathetic function. Tomographic im-
ages (SPECT) are often acquired to evaluate the
regional myocardial uptake pattern?2°.

The most common semi-quantitative indices
used for interpretation of myocardial innervation
images are the heart to mediastinum ratio (H/M)
and the washout rate (WR) obtained from the an-
terior planar images. Regions of interest (ROIs)
are set in the heart (H: target region) and the me-
diastinum (M: background region) in early and
delayed images to obtain the mean count in each
ROI, after which the H/M ratio is calculated.
Based on the resulting ratio, the degree of accu-
mulation in the heart is evaluated. The WR is an
index that indicates the rate at which MIBG is
washed out between the early image and the de-
layed image, via comparison with the cardiac
count in the early image. MIBG WR may reflect
turnover of catecholamines attributable to the
sympathetic drive and measures the ability of
myocardium to retain MIBG. Normal values of
these indices have been calculated performing

MIBG scintigraphy in control patients and are
different between various institutions depending
on acquisition conditions®?. A recently reported
normal value for H/M ratio is 2.2 = 0.3, with a
ratio of 1.6 (2 standard deviations below the
mean) considered to be abnormal [1]. MIBG WR
may reflect turnover of catecholamines attribut-
able to the sympathetic drive, and measures the
ability of myocardium to retain MIBG. A normal
value has been reported to be 10% + 9%, with
sicker patients having higher values'.

Increased sympathetic activity in HF is associ-
ated with high myocardial MIBG WR and low
myocardial MIBG early and delayed H/M!'*"-%

Since semiquantitative analysis of cardiac
MIBG uptake is characterized by a low interindi-
vidual and a within-subject variability*’, semi-
quantitative indices of MIBG scintigraphy have
become valuable tools to provide information re-
garding the potential and actual benefit of thera-
peutic interventions in patients with HF!,

Several studies have shown that assessment of
the cardiac autonomic state with '*I-MIBG
scintigraphy can help to assess the prognosis and
to monitor the effects of therapeutic interventions
in HF patients®’. However, an overview of pub-
lished data regarding the clinical usefulness of
MIBG scintigraphy in evaluating the effective-
ness of pharmacological treatments in patients
with HF is lacking.

Methods

Search Strategy

A comprehensive computer literature search of
the PubMed/MEDLINE and Embase databases was
conducted to find relevant published articles on the
clinical usefulness of MIBG scintigraphy in evalu-
ating the effectiveness of pharmacological treat-
ments in patients with HF. We used a search algo-
rithm that was based on a combination of the terms:
(1) “MIBG” or “metaiodobenzylguanidine’ and (2)
“heart failure”. No beginning date limit was used;
the search was updated until 31 December 2010.
No language restriction was used. To expand our
search, references of the retrieved articles were also
screened for additional studies.

Study Selection

Studies or subsets in studies investigating the
clinical usefulness of MIBG scintigraphy in eval-
uating the effectiveness of pharmacological treat-
ments in patients with HF were eligible for inclu-
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sion. Review articles, editorials or letters, com-
ments, conference proceedings and case reports
were excluded from this review.

Only those studies or subsets in studies that
satisfied all of the following criteria were includ-
ed: (1) MIBG scintigraphy performed in patients
with HF; (2) MIBG scintigraphy performed be-
fore and after pharmacological treatment to eval-
uate its effectiveness.

The exclusion criteria were: (1) overlap in the
patient data (duplicate publication); in such cas-
es, the most complete article was included; (2)
MIBG scintigraphy not performed before and af-
ter pharmacological treatment.

Two researchers (GT and AS) independently
reviewed the titles and abstracts of the retrieved
articles, applying the inclusion and exclusion cri-
teria mentioned above. Articles were rejected if
they were clearly ineligible. The same two re-
searchers then independently reviewed the full-
text version of the remaining articles to deter-
mine their eligibility for inclusion. Disagree-
ments were resolved in a consensus meeting.

Data Abstraction

For each included study, informations were col-
lected concerning basic study (author names, jour-
nal, year of publication, country of origin), patient
characteristics (mean age, sex, number of patients
which performed MIBG scintigraphy), pharmaco-
logical treatment assessed, semiquantitative MIBG

parameters evaluated (as early H/M, delayed H/M,
WR or regional myocardial uptake) and timing of
MIBG scintigraphy (before and after treatment).
Main findings of each study included in this re-
view are summarized in the text.

Results

Literature Search

The comprehensive computer literature search
from the PubMed/MEDLINE and Embase data-
bases revealed 304 articles (Figure 1). Reviewing
titles and abstracts, 265 articles were excluded be-
cause data were not within the field of interest of
this review; 39 articles were selected. These stud-
ies were retrieved in full text version; no addition-
al study was found screening the references of
these articles. From these 39 articles potentially el-
igible for inclusion, after reviewing the full text ar-
ticle, one study was excluded because there was
an overlap of patient data in another study and the
most complete article was included*?**; five arti-
cles were excluded because MIBG scintigraphy
was not performed before and after pharmacologi-
cal treatment in patients with HF*+3,

Finally, 33 studies, comprising a total sample
size of 1108 patients with HF, met all inclusion
and exclusion criteria, and they were included in
this review*>37°, The characteristics of the in-
cluded studies are presented in Tables I and II.

304
Abstracts retrieved by search algorithm

265
Studies excluded from the Abstract

39
Studies screened in full text

6

Studies excluded:

* 1 due to data overlap

* 5 because MIBG scintigraphy was not
performed before and after treatment

33
Studiesincluded in the systematic review

Figure 1. Flow chart of the search
for eligible studies on the usefulness
of MIBG scintigraphy in evaluating
the effectiveness of pharmacological
treatments in patients with heart fail-
ure.
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Table I. General characteristics of patients in the included studies.

N. of Mean age %

Authors Year Journal Country patients (years) male
Eichhorn EJ et al*? 1991 Am J Cardiol USA 15 50«11 100%
Barr CS et al* 1995 Am J Cardiol United Kingdom 28 +14C 68 +3 79%
Somsen GA et al% 1996 Heart The Netherlands 23 60 = 10 70%
Fukuoka S et al* 1997 Eur J Nucl Med Japan 13+7C 43+ 13 85%
Takeishi Y et al®® 1997 J Nucl Med Japan 29 59 79%
Kakuchi H et al* 1999 Heart Japan 27 522 78%
Soeki T et al’’ 1998 Jpn Heart J Japan 10 62+ 11 70%
Toyama T et al*? 1999 J Nucl Med Japan 24 5812 58%
Fujimura M et al*? 2000 J Card Fail Japan 42 50+ 12 81%
Agostini D et al*? 2000 J Nucl Med France 22 +10C 54 86%
Lotze U et al*® 2001 J Nucl Med Germany 10 51+8 90%
Yamazaki J et al* 2001 Am Heart J Japan 58 +17C 54+11 88%
Hirooka K et al* 2001 Jpn Circ J Japan 91 49 81%
Takeda N et al” 2001 Exp Clin Cardiol Japan 34 58 65%
Shinohara H et al® 2002 Heart Vessels Japan 34 70 = 10 82%
de Milliano PA et al*' 2002 Am Heart J The Netherlands 54 65 67%
Kasama S et al® 2002 J Nucl Med Japan 30 69+13 57%
Gerson MC et al¥’ 2002 J Nucl Cardiol USA 22 48.4 +8.5 68%
Kasama S et al® 2003 J Am Coll Cardiol Japan 30 65 + 15 57%
Kasama S et al®! 2003 J Nucl Med Japan 32 68 + 12 59%
Toyama T et al* 2003 J Nucl Med Japan 30 59+12 7%
Fujimoto S et al*? 2004 Eur J Nucl Med Japan 53 56.5+10.9 81%

Mol Imaging
Toyama T et al®® 2004 J Nucl Cardiol Japan 30 57+13 77%
Kasama S et al® 2005 J Am Coll Cardiol Japan 50 66.3 66%
Kasama S et al*® 2005 Eur J Nucl Imaging Japan 40 69.5 72%
Med Mol

Cohen-Solal et al*’ 2005 J Nucl Med France 50 59+ 10 84%
Kasama S et al® 2006 Heart Japan 50 68+9 62%
Chizzola PR et al* 2006 Int J Cardiol Brazil 22 44.5 68%
Kasama S et al’! 2007 Eur Heart J Japan 30 +10C 55+ 11 67%
Kasama S et al®’ 2007 J Nucl Med Japan 50 68 66%
Toyama T et al® 2008 J Nucl Cardiol Japan 30 59+9 80%
Tsutamoto T et al® 2008 Circ J Japan 45 57.3 87%
de Miranda SM et al** 2010 Arq Bras Cardiol Brasil 16 56.3+12.6 69%

Legend: C = normal controls

Report of Literature Data

In the last years several clinical trials, using
MIBG scintigraphy, have reported a beneficial
effect of beta-blockers, ACE inhibitors, an-
giotensin receptor blockers (ARBs), aldosterone
antagonists and other drugs on cardiac sympa-
thetic activity in HF setting.

Beta-Blockers

Several trials have demonstrated an improve-
ment of cardiac sympathetic function assessed by
MIBG scintigraphy in patients with HF treated
with B-blockers.

The first trials conducted to detect any change
in myocardial adrenergic nervous system after in-
troduction of p-blocker treatment, have used
metoprolol. As the functional improvement pro-
vided by B-blocker treatment takes more than 2
months, Fukuoka et al* investigated whether
MIBG scintigraphy could be used to predict drug
effectiveness. Thirteen patients with dilated car-
diomyopathy (DCM) were studied and classified
into those showing a = 5% increase in LV ejec-
tion fraction (LVEF) at 3 months compared with
LVEF values before the treatment with metopro-
lol (group I, n=7) and those showing a < 5% in-
crease in LVEF (group II, n=6). This study
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Table Il {Continued). General characteristics of methods in the included studies.

Timing of MIBG scintigraphy

MIBG parameters evaluated

Pharmacological treatment assessed

Year

Authors

Before and 6 months after treatment

H/M¢, WR, regional uptake score

H/Me, H/M¢

Valsartan 80 mg/day vs enalapril 5 mg/day

2006

Kasama S et al®®

Before, 2 months and 6 months after treatment

Carvedilol 12.5 mg/day up to 75 mg/day vs placebo

Carvedilol 1.25-2.5 up to 10-20 mg/day

2006

Chizzola PR et al*®
Kasama S et al®'

Before and 12 + 1 months after treatment

H/M¢, WR, regional WR,

2007

regional uptake and defect score
H/M¢, WR, regional uptake score

Before and 6 months after treatment

Candesartan 2-4 up to 8-12 mg/day plus

2007

Kasama S et al®’

spironolactone 25 mg/day vs candesartan alone

Carvedilol 1.25-2.5 up to 10 mg/day

Before and 1 year after treatment

H/M¢, WR, regional uptake score

2008

Toyama T et al®

Plus amiodarone 100 mg/day vs carvedilol alone

Continuous enalapril 10 mg/day vs

Before and 6 months after treatment

H/M¢, WR

2008

Tsutamoto T et al*

switching to perindopril 4 mg/day

Before and 6 months after treatment

H/Me, H/M¢, WR

Carvedilol 30 mg/day

2010

de Miranda SM et al**

Legend: e H/M: early heart to mediastinum ratio; d H/M: delayed heart to mediastinum ratio; WR: washout rate.

demonstrated that during B-blocker treatment in
patients with DCM in all segments, except the in-
ferior segment, regional MIBG washout im-
proved earlier than either the global indices or
LV function, and that the global MIBG WR im-
proved simultaneously with LV function. These
results suggest that regional assessment with my-
ocardial MIBG scintigraphy provides early pre-
diction of functional improvement due to f3-
blocker treatment in patients with DCM.

Kakuchi et al*® studied patients affected by
DCM, who were classified into 2 groups, based
on whether they reached a daily dose of > 20 mg
of metoprolol without deterioration of HF at
three months (group A) or not (group B). At
baseline MIBG myocardial uptake was higher,
and the MIBG WR lower, in group A than in
group B although no significant differences in
the echocardiographic indices or neurohormonal
activity between the two groups were found. Af-
ter one month, though there were no significant
changes in echocardiographic and neurohormon-
al variables, the MIBG H/M ratio on the delayed
image was increased in group A but not in group
B. In group A, the degree of increase of delayed
H/M ratio one month after treatment was also
correlated with the degree of reduction in plasma
concentrations of noradrenaline after three
months, confirming the benefit of f-blocker
treatment on cardiac nervous system.

de Milliano et al*!' studied 59 patients with HF
randomized to their maximal tolerable dose of
metoprolol or placebo; the Authors found a
21.9% increase in mean myocardial MIBG up-
take after 6 months of treatment with metoprolol.
In contrast, myocardial MIBG uptake decreased
by 7.8% in the placebo group (p = 0.03 com-
pared with metoprolol group). LV end-diastolic
diameter decreased significantly (p < 0.05, with-
in-group comparison) and LVEF increased (p <
0.05, within-group comparison) in the metopro-
lol group. Placebo-treated patients showed no
significant changes.

It has been widely demonstrated that
carvedilol can induce important clinical and he-
modynamic improvements in patients with HF
resulting from severe LV dysfunction. First Fu-
jimura et al** divided 42 patients with DCM into
2 groups: 27 responders to carvedilol whose
LVEF increased by more than 5% and 15 nonre-
sponders to carvedilol whose LVEF increased by
5% or less. Although MIBG image-derived in-
dexes of nonresponders remained unchanged, the
delayed H/M (from 1.91 + 0.34 to 2.24 + 0.53, p
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< 0.01) and WR (from 49 + 11 to 39 + 9%, p <
0.01) of responders improved after treatment
with carvedilol. Thus this trial proved that
carvedilol treatment ameliorates LVEF and neu-
rohumoral factors.

Agostini et al** also examined the impact of
carvedilol on cardiac neuronal function in pa-
tients with DCM. Twenty-two patients with HF
assessed as New York Hospital Association (NY-
HA) class II or III and with initial resting ra-
dionuclide LVEF < 40% were enrolled in the
study. After carvedilol treatment NYHA func-
tional classification for these patients improved
from 2.6 £ 0.5 to 2.3 £ 0.5 (p = 0.04), LVEF im-
proved from 22% + 9% to 30% + 13% (p =
0.005), and MIBG delayed H/M ratio improved
from 145% =+ 23% to 170% = 25% (p = 0.0001).
This data confirmed that carvedilol induces im-
provement of clinical symptoms and cardiac neu-
ronal and systolic functions in patients with
DCM and optimal chronic treatment.

Yamazaki et al** studied 58 patients with DCM
and found a significant correlation between LVEF
and MIBG indices (regional uptake scores and
WR) obtained before and 6 months after 3-blocker
treatment (nipradilol, metoprolol or carvedilol).
After B-blocker treatment, LVEF and MIBG in-
dices significantly improved in group A, in which
LVEF improved by 10% or more within 6 months
after treatment. On the other hand, no change oc-
curred in MIBG indices in group B (defined as
less than a 10% change in LVEF). Regard to the
efficacy of single B-blocker molecules on cardiac
nervous system, both metoprolol and carvedilol,
when tolerated, improved cardiac function and
neurohumoral factors to the same degree.

However, carvedilol is preferable to metoprolol
for patients with a low delayed H/M ratio as Hi-
rooka et al*® showed. These Authors found that
drug intolerance occurred in 24% of patients treat-
ed with metoprolol (7 of 29) and 19% of patients
treated with carvedilol (10 of 62). Moreover, in the
drug-tolerant patients the percentage of patients
with a delayed H/M ratio below 1.9 in the
carvedilol group was significantly higher than that
in the metoprolol group. This study confirmed that
both metoprolol and carvedilol, when tolerated,
improved cardiac function. Nevertheless metopro-
lol must be administered carefully when the de-
layed H/M ratio is low, whereas carvedilol can of-
ten be given in such circumstances.

A following study by Toyama et al* compared
15 patients with DCM who were receiving
carvedilol (group A) to 15 patients with DCM who

were receiving metoprolol (group B). In both
groups, the delayed H/M increased (in group A,
from 1.67 = 0.31 to 2.01 £ 0.36, p < 0.01; in group
B, from 1.68 = 0.21 to 1.93 + 0.32, p < 0.01). This
study demonstrated that carvedilol treatment im-
proved cardiac function, symptoms, and cardiac
sympathetic nerve activity in patients with DCM
to a similar extent as metoprolol treatment and the
improvement of cardiac function and symptoms
was related to the improvement of cardiac sympa-
thetic nerve activity.

Gerson et al*’ confirmed that carvedilol treat-
ment reduces the mortality rate and improves car-
diac sympathetic nervous function in patients with
HE. In 22 HF patients with idiopathic cardiomy-
opathy, sympathetic nerve function was assessed
before and after 7.2 + 2.7 months of carvedilol
treatment with the use of »I-MIBG imaging. Pa-
tients with relatively advanced impairment of car-
diac sympathetic nerve function, as manifested by
a baseline MIBG H/M ratio lower than 1.40, had a
statistically significant improvement in H/M ratio
with carvedilol treatment, from 1.26 + 0.12 to 1.39
+ 0.20 (p = 0.004). These Authors demonstrated
that patients with advanced impairment of base-
line MIBG uptake were most likely to show evi-
dence of improved cardiac sympathetic nervous
system function in response to carvedilol treat-
ment. Furthermore a favorable response of LVEF
to carvedilol was apparent in all study patients re-
gardless of the level of impairment of baseline car-
diac neuronal function. The findings of this inves-
tigation are consistent with those of previous pub-
lications, including a study by Lotze et al* which
showed improvement in the myocardial MIBG up-
take after treatment with various (-adrenergic
blockers including metoprolol, carvedilol and
bisoprolol.

Fujimoto et al*? investigated the usefulness of
cardiac MIBG imaging in predicting cardiac events
in 53 patients with DCM. The Authors demonstrat-
ed that the degree of improvement in MIBG WR
after introduction of B-blockers (including meto-
prolol, carvedilol or nipradilol) was a significant
predictor of cardiac events. DCM patients who
would benefit the most from B-blocker treatment
were those with high WR before 3-blocker intro-
duction regardless of LVEF values.

In the last years several trials have confirmed
previous results. Cohen-Solal et al* conducted a
clinical trial on 64 HF patients who underwent
measurements of cardiac sympathetic activity,
circulating catecholamine level, and hemody-
namic indices before and after 6 months of treat-
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ment with either carvedilol or placebo. Beyond
the well-known effects on cardiac function of
carvedilol, an increase in myocardial MIBG up-
take was found by both planar and tomographic
imaging (p < 0.01). End-diastolic and end-sys-
tolic LV diameters decreased (both p < 0.05) and
LVEF increased (p < 0.03) in the carvedilol
group, whereas these parameters remained un-
changed in the placebo group. The benefits of
carvedilol on resting hemodynamics appeared to
be associated with a partial recovery of cardiac
adrenergic innervation functioning without de-
tectable antioxidant effect in the plasma.

Chizzola et al®® showed a trend of gradual im-
provement in cardiac sympathetic function (as in-
dicated by the improved myocardial uptake of
MIBG in early and delayed images) when
carvedilol was added to standard HF treatment
and compared to placebo in patients with DCM.

In 2007 Kasama et al’' studied the influence
of carvedilol on cardiac sympathetic function and
LV remodelling in 30 patients with DCM and 10
normal controls. Both MIBG scintigraphic para-
meters and echocardiographic parameters (as LV
end-diastolic volume and LV end-systolic vol-
ume) were improved in the DCM patients. There
was a significant correlation between the changes
of MIBG scintigraphic and echocardiographic
findings after treatment.

Some Authors reported that (3-blockers are more
effective on the cardiac nervous system than other
drugs widely used for HF treatment. Toyama et al>?
studied 24 patients with DCM, comparing the ef-
fect of metoprolol and ACE-inhibitors on cardiac
sympathetic function assessed by MIBG scintigra-
phy. Although delayed H/M one year after thera-
pies was increased in both groups (in patients treat-
ed with metoprolol from 1.87 + 0.31 to 2.14 +
0.29; p < 0.01; in patients treated with enalapril
from 1.82 + 0.28 to 1.94 + 0.26; p < 0.05), it was
more improved by B-blockers than by ACE-in-
hibitors (p < 0.05). However, a possible explana-
tion for the inadequate improvement of the cardiac
sympathetic function with ACE inhibitors may lay
on the insufficient dosage (5-10 mg/day), which
was not stepped up to its maximum.

Lastly, only two trials>*%*, using bucindolol
and carvedilol respectively, have not been able to
demonstrate a beneficial effect of B-blocker treat-
ment on myocardial sympathetic function as-
sessed by MIBG scintigraphy, probably because
the treatment duration was shorter and the beta-
blocker dose used was lower than that used in
other studies.

ACE-Inhibitors

Some Authors demonstrated an improvement
of cardiac sympathetic function assessed by
MIBG scintigraphy in patients with HF treated
with ACE inhibitors.

Somsen et al® studied 23 consecutive patients
with chronic, mild to moderate, stable congestive
HF and a LVEF less than 40%. MIBG scintigraphy
was performed and plasma noradrenaline concen-
tration was measured before and 6 weeks after
treatment with enalapril. Myocardial uptake of
MIBG increased significantly after enalapril treat-
ment, indicating improved cardiac sympathetic
function (p < 0.02). However, myocardial MIBG
uptake was not related to plasma noradrenaline con-
centration. This trial showed that enalapril im-
proves cardiac sympathetic neuronal uptake func-
tion in a group of patients with predominantly mod-
erate heart failure, behind its effect on blood pres-
sure lowering and on cardiac remodeling. These re-
sults agree with the hypothesis that restoration of
cardiac neuronal uptake of noradrenaline is one of
the beneficial effects of enalapril.

These findings were confirmed by other stud-
ies. Takeishi et al*®® investigated 29 patients, NY-
HA functional class II-III, receiving conventional
treatment for HF; 19 patients received additional
treatment with enalapril and 10 patients were
treated with conventional treatment alone and
were defined as a control group. In the enalapril
group, the MIBG H/M ratio was increased after
treatment (early H/M ratio: from 1.60 + 0.22 to
1.73 = 0.28, p < 0.05; delayed H/M ratio: from
1.63 £ 0.28 to 1.82 + 0.33, p < 0.01) and MIBG
WR was reduced after treatment (from 38% =+
11% to 30% = 12%, p < 0.01). However, in the
conventional treatment group, the H/M ratios in
the early and delayed images and WR remained
unchanged after treatment. In patients of
enalapril group with an increased H/M ratio (n =
13), LVEF increased from 48% + 12% to 55% =+
9% (p < 0.01) after treatment.

Soeki et al’’ showed that MIBG H/M ratio in-
creased significantly (early H/M: from 1.99 +
0.38 to 2.20 = 0.50; delayed H/M: from 1.86 +
0.44 to 2.09 = 0.51) and MIBG WR decreased
slightly (from 29.1 = 9.1% to 25.4 + 7.0%) when
patients with HF were treated with 2.5-5.0 mg of
enalapril once a day for 3-15 months.

Among ACE inhibitors, perindopril seems to
be more effective in the improvement of cardiac
sympathetic function as Kasama et al’® demon-
strated in 40 patients with HF (LVEF < 45%)
who were randomly assigned to perindopril (2
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mg/day; n=20) or enalapril (5 mg/day; n=20). All
patients were also treated with diuretics. Six
months after treatment with perindopril, delayed
H/M ratios increased from 1.62 = 0.27 to 1.76 =
0.29 (p < 0.01), WR decreased from 50 = 14% to
42 = 14% (p < 0.05). In contrast, in patients re-
ceiving enalapril, there was no significant differ-
ence between the values at baseline and 6 months
after treatment.

These data were confirmed by Tsutamoto et
al® in 2008. Forty-five stable HF patients under-
going conventional treatment including enalapril
were randomized in 2 groups [group I (n=24):
continuous enalapril treatment; group II (n=21):
enalapril switched to perindopril]. Six months af-
ter treatment, in group I there were no changes in
MIBG parameters, LVEF or plasma level of brain
natriuretic peptide. In contrast, in group II the de-
layed MIBG H/M ratio was significantly in-
creased (from 2.0 £ 0.07 to 2.15 £ 0.07, p =
0.013) and the MIBG WR was significantly de-
creased compared with the baseline value (from
33.0 £ 1.4 to 30.5 £ 1.2, p = 0.03). Unlike the
previous trial designed by Kasama et al®®, the
present study compared the effects of switching
from enalapril to perindopril on stable patients
with HF who have already received standard
treatment including carvedilol and spironolac-
tone. This suggests that perindopril is superior to
enalapril and may exert a favorable effect on car-
diac sympathetic system as well as on cardiovas-
cular outcomes.

Angiotensin Receptor Blockers (ARBs)

First of all, the trial of Shinohara et al®® inves-
tigated the efficacy of ARBs against cardiac sym-
pathetic overactivity using MIBG scintigraphy in
patients with HE. These Authors studied 34 HF
patients treated with losartan or candesartan with
fractional shortening of the LV diameter < 25%
or LVEF = 45%. MIBG scintigraphy performed
before and 6 months after ARBs treatment re-
vealed that ARBs did not significantly change the
delayed H/M ratio. However, the MIBG WR fell
significantly (from 32.6% + 7.6% to 28.2% =
7.5%; p < 0.001) suggesting the efficacy of these
agents in modifying cardiac sympathetic function
in patients with HF.

It has been clearly demonstrated that ARBs
can improve cardiac sympathetic nerve activity
in patients with HF, when these drugs are added
to an ACE-inhibitors. Kasama et al®' studied 32
patients with HF (LVEF < 40%) treated with an
ACE inhibitor and a loop diuretic. Sixteen pa-
tients (group A) were randomized to additionally

receive valsartan (40-80 mg/day), and the re-
maining 16 patients (group B) continued their
current regimen. Patients were studied before and
6 months after treatment. After treatment in
group A, delayed H/M ratio increased from 1.66
+ 0.23 to 1.81 = 0.23 (p < 0.001), and WR de-
creased from 47% + 9% to 39% = 10% (p <
0.01); in addition, the LV end-diastolic volume
decreased and LVEF increased. In group B, these
parameters did not change significantly.

Moreover, ARBs seem to be beneficial on car-
diac sympathetic nerve activity in patients with
HF with a preserved LVEF as Kasama et al found
in 2005%%. They selected 50 patients with non-is-
chemic HF and LVEF > 40% who were treated
with standard treatment. Twenty-five patients were
randomized to also receive candesartan, whereas
the remaining 25 patients received placebo. In pa-
tients receiving candesartan, MIBG scintigraphic
and echocardiographic parameters were signifi-
cantly improved 6 months after treatment. In con-
trast, there were no significant changes of these
parameters in patients receiving placebo. These
findings suggest that addition of candesartan to an
ACE inhibitor may result in stronger inhibition of
renin-angiotensin-aldosterone system, increase of
myocardial uptake of norepinephrine and im-
provement of LV performance in HF patients with
preserved LVEF.

The same investigators also showed that ARBs
treatment alone improves cardiac nervous system
function compared to ACE-inhibitors. Six months
after treatment, in patients receiving valsartan
MIBG delayed H/M ratio increased from 1.70 +
0.17 to 1.78 £ 0.22 (p < 0.05) and MIBG WR de-
creased from 46% + 11 to 41% + 10 (p < 0.05).
However, these parameters did not change signifi-
cantly in patients receiving enalapril®.

Aldosterone Antagonists

Several trials have been designed to assess car-
diac sympathetic system improvement in patients
with HF on chronic treatment with aldosterone
receptor blockers (like spironolactone).

First of all, Barr et al* demonstrated that my-
ocardial MIBG uptake increased in HF patients
treated with spironolactone in comparison with
patients treated with placebo.

Kasama et al% also investigated the effects of
spironolactone on MIBG parameters. Thirty pa-
tients with HF (LVEF < 40%), treated with an
ACE-inhibitor, a loop diuretic, and, in most cas-
es, digoxin were divided into 2 groups: 15 pa-
tients (group A) were assigned to additionally re-
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ceive spironolactone (12.5-50 mg/day), and the
remaining 15 patients (group B) continued their
current regimen. Six months after treatment, in
group A MIBG delayed H/M ratio increased
from 1.62 + 0.20 to 1.83 = 0.27 (p < 0.0001), and
MIBG WR decreased from 51 £ 9 to 40 = 15 (p
< 0.001). By contrast, in group B these parame-
ters did not significantly change.

These results were confirmed in a following
study from the same investigators®, conducted in
30 patients with DCM who were randomly as-
signed to spironolactone or conventional treat-
ment; in the spironolactone group delayed H/M
ratio increased from 1.64 + 0.20 to 1.86 = 0.27 (p
< 0.0001), and WR decreased from 55 + 12% to
41 = 15% (p < 0.0005). Furthermore, in this
group echocardiographic parameters (LVEF and
LV end-diastolic volume) ameliorate significant-
ly. There were no significant changes in these pa-
rameters in the control group.

In 2007 Kasama et al®” focused their attention
on the effects of a combined treatment with
spironolactone and candesartan compared to
candesartan alone on cardiac nervous system
and LV performance. Fifty patients with HF
(LVEF < 45%) were randomly assigned to can-
desartan plus spironolactone (group A; n=25) or
to candesartan alone (group B; n=25). All pa-
tients were also treated with a loop diuretic. Af-
ter 6 months, all MIBG scintigraphic and
echocardiographic parameters (LVEF, LV end-
diastolic volume, LV end-systolic volume) were
improved in both groups. However, the degree
of change of these parameters after treatment
tended to be better in group A than in group B.
In this study there were also significant correla-
tions between changes in the LV volume and the
MIBG scintigraphic parameters only in group
A. However, it is still unclear whether improve-
ment of LV function (due to the antifibrotic ef-
fect of spironolactone) increases myocardial up-
take of norepinephrine or whether increased
myocardial uptake of norepinephrine leads to
improvement in LV function.

Other Drugs

Some Authors investigated whether amiodarone
may exert some effects on cardiac nervous system
in patients with HF using MIBG scintigraphy.

In 2004 Toyama et al®® compared 15 patients
with DCM receiving amiodarone (group A) with
15 patients receiving metoprolol (group B). One
year after treatment, in both groups MIBG scinti-
graphic parameters and echocardiographic LVEF

ameliorate, suggesting that amiodarone can im-
prove cardiac sympathetic nerve activity as well
as B-blockers do.

Moreover, the same Authors® demonstrated
that combined treatment with carvedilol plus
amiodarone was more effective than carvedilol
alone on cardiac sympathetic activity in patients
affected by DCM. Combined treatment improved
several MIBG scintigraphic and echocardio-
graphic parameters much more than carvedilol
alone. Several mechanisms are responsible of the
favorable response of the cardiac nervous system
to the combined treatment: carvedilol has the
nonselective beta-blocking action and amio-
darone has a beta-blocking action, an antifibrilla-
tory effect, a cardioprotective effect through thy-
roid hormone metabolism, and an antioxidant ac-
tion. Moreover, amiodarone weakly inhibits
carvedilol metabolism so its action may increase.

Pimobendan is a calcium sensitizer that shows
both inotropic and peripheral vasodilating effects.
Since the intracellular calcium concentration is de-
creased in the failing myocardium, pimobendan is
expected to be beneficial in the treatment of HF.
Takeda et al’”® demonstrated that, 12 months after
treatment with pimobendan, H/M ratio on MIBG
scintigraphy was significantly increased in patients
with HE, suggesting that this drug was effective on
cardiac sympathetic function in patients with HF.

To date, studies evaluating the efficacy of
renin inhibitors such as aliskiren through MIBG
scintigraphy are lacking in the literature; original
studies addressing this issue are expected.

Conclusions

This review underlines the clinical usefulness of
myocardial '>I-MIBG scintigraphy in patients with
HE. This innervation imaging method can be suc-
cessfully used to assess changes in cardiac sympa-
thetic neuronal function caused by several pharma-
cological interventions in patients with HE. In the
next future MIBG scintigraphy could potentially
help guide treatment in a cost-effective manner.

References

1) Ji SY, Travin MI. Radionuclide imaging of cardiac
autonomic innervations. J Nucl Cardiol 2010; 17:
655-666.

2) The Cardiac Insufficiency Bisoprolol Study Il
(CIBIS-II): a randomized trial. Lancet 1999; 353:
9-13.



G. Treglia, A. Stefanelli, I. Bruno, A. Giordano

10)

11)

12)

13)

14)

Effect of metoprolol CR/XL in chronic heart fail-
ure: Metoprolol CR/XL Randomised Intervention
Trial in Congestive Heart Failure (MERIT-HF).
Lancet 1999; 353: 2001-2007.

PAcker M, Bristow MR, CoHN JN, Coruccr WS,
FowLER MB, GiLBERT EM, SHUSTERMAN NH. The effect
of carvedilol on morbidity and mortality in patients
with chronic heart failure. N Engl J Med 1996;
334: 1349-1355.

PAcker M, Coats AJ, FowLER MB, Katus HA, Krum H,
MoHAcsI P RouLEAu JL, TENDERA M, CASTAIGNE A,
ROECKER EB, ScHuLtz MK, DEMETs DL; CARVEDILOL
PROSPECTIVE RANDOMIZED CUMULATIVE SURVIVAL STUDY
Group. Effect of carvedilol on survival in severe
chronic heart failure. N Engl J Med 2001; 344:
1651-1658.

THE CONSENsUs TRIAL STubYy Grour. Effects of
enalapril on mortality in severe congestive heart
failure. Results of the Cooperative North Scandi-
navian Enalapril Survival Study (CONSENSUS).
N Engl J Med 1987; 316: 1429-1435.

THE SOLVD InvesTiGATORs. Effect of enalapril on
survival in patients with reduced left ventricular
ejection fractions and congestive heart failure. N
Engl J Med 1991; 325: 293-302.

Prerrer MA, BRAUNWALD E, MoVYE LA, BASTA L, BROwN
EJJ, Cuppy TE, DAvis BR, GELTMAN EM, GOLDMAN S,
Fiaker GC, et al. Effect of captopril on mortality and
morbidity in patients with left ventricular dysfunction
after myocardial infarction. Results of the survival
and ventricular enlargement trial. The SAVE investi-
gators. N Engl J Med 1992; 327: 669-677.

SHARPE DN, MuRrpHY J, CoxoN R, HANNAN SF.
Enalapril in patients with chronic heart failure: a
placebo-controlled, randomized, double-blind
study. Circulation 1984; 70: 271-278.

GREENBERG B, QuUINONES MA, KoiLriLLAl C, LIMACHER
M, SHINDLER D, BeNEepicT C, SHELTON B. Effects of
long-term enalapril therapy on cardiac structure
and function in patients with left ventricular dys-
function. Results of the SOLVD echocardiography
substudy. Circulation 1995; 91: 2573-2581.

GILBERT EM, SANDOVAL A, LARRABEE P RENLUND DG,
O’ConNNELL JB, Bristow MR. Lisinopril lowers car-
diac adrenergic drive and increases beta-receptor
density in the failing human heart. Circulation
1993; 88: 472-480.

BArRUCH L, ANAND |, COHEN IS, ZiescHE S, JupD D,
CoHN JN, THE VASODILATOR HEART FAILURE TRIAL (V-
HEFT) Stuby Group. Augmented short- and long-
term hemodynamic and hormonal effects of an an-
giotensin receptor blocker added to angiotensin
converting enzyme inhibitor therapy in patients with
heart failure. Circulation 1999; 99: 2658-2664.

URATA H, HEALY B, STEWART RW, Bumpus FM, HUsAIN A.
Angiotensin lI-forming pathways in normal and fail-
ing human hearts. Circ Res 1990; 66: 883-890.

BALcELLS E, MENG QC, JOHNSON WH JRr, OPARIL S,
DeLlItaua L. Angiotensin Il formation from ACE
and chymase in human and animal hearts: meth-
ods and species considerations. Am J Physiol
1997; 273: H1769-1774.

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

ConN JN, TognoNi G; the Valsartan Heart Failure
Trial Investigators. A randomized trial of the an-
giotensin-receptor blocker valsartan in chronic heart
failure. N Engl J Med 2001; 345: 1667-1675.

BARR CS, LANG CC, HANSON J, ARNOTT M, KENNEDY
N, StrRuTHERS AD. Effects of adding spironolactone
to an angiotensin-converting enzyme inhibitor in
chronic congestive heart failure secondary to
coronary artery disease. Am J Cardiol 1995; 76:
1259-1265.

MACFADYEN RJ, BARR CS, STRUTHERS AD. Aldosterone
blockade reduces vascular collagen turnover, im-
proves heart rate variability and reduces early
morning rise in heart rate in heart failure patients.
Cardiovasc Res 1997; 35: 30-34.

WANG W. Chronic administration of aldosterone
depresses baroreceptor reflex function in the dog.
Hypertension 1994; 24: 571-575.

Duprrez DA, De Buyzere ML, RIETzSCHEL ER, TAEs Y,
CLEMENT DL, MorGAN D, CoHN JN. Inverse relation-
ship between aldosterone and large artery com-
pliance in chronically treated heart failure pa-
tients. Eur Heart J 1998; 19: 1371-1376.

RocHA R, CHANDER PN, KHANNA K, ZUCKERMAN A, STI-
er CT JR. Mineralocorticoid blockade reduces vas-
cular injury in stroke-prone hypertensive rats. Hy-
pertension 1998; 31: 451-458.

Massie BM, FisHER SG, RADFORD M, DEeDWANIA PC,
SINGH BN, FLETCHER RD, SINGH SN. CHF-STAT In-
vestigators. Effect of amiodarone on clinical sta-
tus and left ventricular function in patients with
congestive heart failure. Circulation 1996; 93:
2128-2134.

DovAaL HC, NuL DR, GRANCELLI HO, PERrRONE SV,
BorTMAN GR, CurIiEL R. Grupo de Estudio de la So-
brevida en la Insuficiencia Cardiaca en Argentina
(GESICA). Randomised trial of low-dose amio-
darone in severe congestive heart failure. Lancet
1994; 344: 493-498.

SINGH SN, FLETCHER RD, FIsHER SG, SINGH BN, Lewis
HD, DeeDwANIA PC, Massie BM, CoLLNG C, Lazzeri D.
Survival trial of antiarrhythmic therapy in congestive
heart failure. Amiodarone in patients with conges-
tive heart failure and asymptomatic ventricular ar-
rhythmia. N Engl J Med 1995; 333: 77-82.

FrReebmaN M, SomBerG JC. Pharmacology and phar-
macokinetics of amiodarone. J Clin Pharmacol
1991; 31: 1061-1069.

SINGH SN, Bennerr BH. Ventricular arrhythmias asso-
ciated with congestive heart failure: the role for
amiodarone. J Clin Pharmacol 1991; 31: 1109-1111.

NADEMANEE K, SINGH BN, CALLAN B, HENDRICKSON JA,
HersHmAN JM. Amiodarone, thyroid hormones in-
dexes, and altered thyroid function: long-term ser-
ial effects in patients with cardiac arrhythmias. Am
J Cardiol 1986; 58: 981-986.

CARRIO |, CowiE MR, YAmAazaki J, UpbeLsoN J, Camicl PG.
Cardiac sympathetic imaging with mIBG in heart
failure. J Am Coll Cardiol Img 2010; 3: 92-100.

TREGLIA G, CAsON E, GABELLINI A, GIORDANO A, FAGI-
ou G. Recent developments in innervation imag-



MIBG scintigraphy and treatment of heart failure

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

ing using iodine-123-metaiodobenzylguanidine
scintigraphy in Lewy body diseases. Neurol Sci
2010; 31: 417-422.

YAMASHINA S, YAmAzAk J. Neuronal imaging using
SPECT. Eur J Nucl Med Mol Imaging 2007; 34:
939-950.

SOMSEN GA, VERBERNE HJ, FLEURY E, RIGHETTI A. Nor-
mal values and within-subject variability of car-
diac I-123-MIBG scintigraphy in healthy individu-
als: implications for clinical studies. J Nucl Cardiol
2004; 11: 126-133.

AGOSTINI D, VERBERNE HJ, HAMON M, JAcoBsON AF,
ManNRrIQUE A. Cardiac 123I-MIBG scintigraphy in
heart failure. Q J Nucl Med Mol Imaging 2008: 52:
369-377.

Fusmorto S, INOUE A, HISATAKE S, YAMASHINA S, YA-
MASHINA H, NAkanO H, Yamazak J. Usefulness of
123I-metaiodobenzylguanidine myocardial scintig-
raphy for predicting the effectiveness of beta-
blockers in patients with dilated cardiomyopathy
from the standpoint of long-term prognosis. Eur J
Nucl Med Mol Imaging 2004; 31: 1356-1361.

Fusmoto S, INOUE A, HISATAKE S, YAMASHINA S, YA-
MASHINA H, NAkano H, Yamazaki J. Usefulness of
meta-[123l]iodobenzylguanidine myocardial
scintigraphy for predicting cardiac events in pa-
tients with dilated cardiomyopathy who receive
long-term beta blocker treatment. Nucl Med Com-
mun 2005; 26: 97-102.

Suwa M, OTAKE Y, MoORIGUCHI A, ITo T, HIROTA Y,
KAwAMURA K, ADACHI I, NARABAYASHI |. lodine-123
metaiodobenzylguanidine myocardial scintigraphy
for prediction of response to beta-blocker therapy
in patients with dilated cardiomyopathy Am Heart
J 1997; 133: 353-358.

NAKATA T, WAKABAYASHI T, KyumA M, TAKAHASHI T, TSUCHI-
HAsHI K, SHimamoTo K. Cardiac metaiodobenzylguani-
dine activity can predict the long-term efficacy of an-
giotensin-converting enzyme inhibitors and/or beta-
adrenoceptor blockers in patients with heart failure.
Eur J Nucl Med Mol Imaging 2005; 32: 186-194.

DE MiLLiANO PA, TusseN JG, vaN Eck-Smim BL, Lie KI.
Cardiac '?°I-MIBG imaging and clinical variables
in risk stratification in patients with heart failure
treated with beta blockers. Nucl Med Commun
2002; 23: 513-519.

CHort JY, Lee KH, HoNG KR Kim BT, Seo JD, Lee WR,
Lee SH. lodine-123 MIBG imaging before treat-
ment of heart failure with carvedilol to predict im-
provement of left ventricular function and exercise
capacity. J Nucl Cardiol 2001; 8: 4-9.

TAWARAHARA K, SUGIYAMA T, NAKANO T, MATOU F, KURA-
TA C, WAKABAYASHI Y, SHOUDA S, Mikami T. Useful-
ness of '23|-MIBG scintigraphy for prediction of ef-
fect of beta-blocker therapy in dilated cardiomy-
opathy. Kaku Igaku 1998; 35: 413-420.

Fukuoka S, HAYASHIDA K, HIROSE Y, SHIMOTSU Y, ISHI-
DA Y, KakucHI H, ETto T. Use of iodine-123-
metaiodobenzylguanidine myocardial imaging to
predict the effectiveness of beta-blocker therapy
in patients with dilated cardiomyopathy. Eur J Nu-
cl Med 1997; 24: 523-529.

40)

41)

42)

43)

44)

45)

46)

47)

48)

49)

KakucHI H, SAsAki T, ISHIDA Y, KOMAMURA K, MIYATAKE
K. Clinical usefulness of 1231 meta-iodobenzyl-
guanidine imaging in predicting the effectiveness
of beta blockers for patients with idiopathic dilated
cardiomyopathy before and soon after treatment.
Heart 1999; 81: 148-152.

DE MiLuAaNO PA, DE GrooT AC, TusseN JG, VAN Eck-
Smit BL, VAN ZwieTeN PA, LiE KI. Beneficial effects
of metoprolol on myocardial sympathetic function:
Evidence from a randomized, placebo-controlled
study in patients with congestive heart failure. Am
Heart J 2002; 144: ES3.

FuJMURA M, YASUMURA Y, ISHIDA Y, NAKATANI S, KOMA-
MURA K, YAMAGISHI M, Mivatake K. Improvement in
left ventricular function in response to carvedilol is
accompanied by attenuation of neurohumoral ac-
tivation in patients with dilated cardiomyopathy. J
Card Fail 2000; 6: 3-10.

AGOsTINI D, BELN A, AMAR MH, DARLAS Y, HAMON M,
GROLLER G, PoTier JC, BouvArD G. Improvement of
cardiac neuronal function after carvedilol treatment
in dilated cardiomyopathy: a 123I-MIBG scinti-
graphic study. J Nucl Med 2000; 41: 845-851.

YAMAZAKI J, MuTO H, KABANO T, YAMASHINA S, NANJO
S. INoue A. Evaluation of beta-blocker therapy in
patients with dilated cardiomyopathy--Clinical
meaning of iodine 123-metaiodobenzylguanidine
myocardial single-photon emission computed to-
mography. Am Heart J 2001; 141: 645-652.

HIROOKA K, YASUMURA Y, ISHIDA Y, HANATANI A,
NAKATANI S, KOMAMURA K, HORI M, YAMAGISHI M,
Mivatake K. Comparative left ventricular functional
and neurohumoral effects of chronic treatment
with carvedilol versus metoprolol in patients with
dilated cardiomyopathy. Jpn Circ J 2001; 65:
931-936.

TovyAamA T, HosHizAkl H, SEki R, IsoBE N, ADACHI H,
Naito S, OsHIMA S, TaNiGucHI K. Efficacy of
carvedilol treatment on cardiac function and
cardiac sympathetic nerve activity in patients
with dilated cardiomyopathy: comparison with
metoprolol therapy. J Nucl Med 2003; 44: 1604-
1611.

GERSON MC, CrAFT LL, McGUIRE N, SUResH DP ABRA-
HAM WT, WAGONER LE. Carvedilol improves left
ventricular function in heart failure patients with
idiopathic dilated cardiomyopathy and a wide
range of sympathetic nervous system function as
measured by iodine 123 metaiodobenzylguani-
dine. J Nucl Cardiol 2002; 9: 608-615.

Lotze U, KAEPPLINGER S, KOBER A, RICHARTZ BM,
GorrscHILD D, FicuLia HR. Recovery of the cardiac
adrenergic nervous system after long-term beta-
blocker therapy in idiopathic dilated cardiomyopa-
thy: assessment by increase in myocardial 123I-
metaiodobenzylguanidine uptake. J Nucl Med
2001; 42: 49-54.

COHEN-SOLAL A, Rouzet F, BERDEAUX A, LE GULUDEC
D, ABERGEL E, SYROTA A, MEeRrRLET P. Effects of
carvedilol on myocardial sympathetic innervation
in patients with chronic heart failure. J Nucl Med
2005; 46: 1796-18083.



G. Treglia, A. Stefanelli, I. Bruno, A. Giordano

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

CHizzoLlA PR, GONCALVES DE FRemAs HE MARINHO NV
MANsUR JA, MENEGHETTI JC, BoccHi EA. The effect of
beta-adrenergic receptor antagonism in cardiac
sympathetic neuronal remodeling in patients with
heart failure. Int J Cardiol 2006; 106: 29-34.

Kasama S, TovAMA T, HATORI T, SuMINO H, KUMAKURA
H, TAKAYAMA Y, ICHIKAWA S, Suzuki T, KURABAYASHI M.
Evaluation of cardiac sympathetic nerve activity
and left ventricular remodelling in patients with di-
lated cardiomyopathy on the treatment containing
carvedilol. Eur Heart J 2007; 28: 989-995.

ToyAMA T, AIHARA Y, IwAsAKI T, HASEGAWA A, Suzuki T,
NAGAI R, ENDO K, HOsHIzAKI H, OsHIMA S, TANIGUCHI
K. Cardiac sympathetic activity estimated by 123lI-
MIBG myocardial imaging in patients with dilated
cardiomyopathy after beta-blocker or angiotensin-
converting enzyme inhibitor therapy. J Nucl Med
1999; 40: 217-223.

EicHHORN EJ, McGHIE AL, BEpotto JB, CORBETT JR,
MALLoY CR, HATFIELD BA, DEITCHMAN D, WILLARD JE,
GRAYBURN PA. Effects of bucindolol on neurohor-
monal activation in congestive heart failure. Am J
Cardiol 1991; 67: 67-73.

DE MIRANDA SM, MEesauitA ET, DOHMANN HF, AzEVE-
DO JC, BARBIRATO GB, FREIRE FDEL, RIBEIRO ML, DA
NOBREGA AC, CoivBRA A, MEsaurta CT. Effects of
short-term carvedilol on the cardiac sympathetic
activity assessed by 123I-MIBG scintigraphy. Arq
Bras Cardiol 2010; 94: 308-312.

SomMseN GA, VAN VLES B, DE MiLLIANO PA, Borwm JJ,
VAN RoOYEN EA, ENDERT E, LiE KI. Increased myocar-
dial [123l]-metaiodobenzylguanidine uptake after
enalapril treatment in patients with chronic heart
failure. Heart 1996; 76: 218-222.

TAKEISHI Y, ATsuMl H, FuJwARA S, TAKAHASHI K, To-
molke H. ACE inhibition reduces cardiac iodine-
123-MIBG release in heart failure. J Nucl Med
1997; 38: 1085-1089.

Soexi T, TAMURA Y, BANDoOU K, TANAKA H, TAKeiCcHI N,
SHINOHARA H, Yur Y, Fukuba N, Sur O. Long-term ef-
fects of the angiotensin-converting enzyme inhibitor
enalapril on chronic heart failure. Examination by
123]-MIBG imaging. Jpn Heart J 1998; 39: 743-751.

KASAMA S, ToyAMA T, KUMAKURA H, TAKAYAMA Y,
IcHIKAWA S, Suzuki T, KuraBavasHl M. Effects of
perindopril on cardiac sympathetic nerve activity
in patients with congestive heart failure: compari-
son with enalapril. Eur J Nucl Med Mol Imaging
2005; 32: 964-971.

TsutamoTo T, TANAKA T, Sakal H, NisHIYamA K, Fuusi M,
YAMAMOTO T, NAKAE |, OHNIsHI M, WADA A, HORIE M.
Beneficial effect of perindopril on cardiac sympa-
thetic nerve activity and brain natriuretic peptide
in patients with chronic heart failure: comparison
with enalapril. Circ J 2008; 72: 740-746.

SHINOHARA H, FukubA N, Soeki T, SAKABE K, ONOSE Y,
TAmURA Y. Effects of angiotensin Il receptor antago-
nists on [(123)lJmetaiodobenzylguanidine myocar-
dial imaging findings and neurohumoral factors in
chronic heart failure. Heart Vessels 2002; 17: 47-52.

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

KASAMA S, TOYAMA T, KUMAKURA H, TAKAYAMA Y,
IcHikAwWA S, Suzuki T, KuraBavasHl M. Addition of val-
sartan to an angiotensin-converting enzyme in-
hibitor improves cardiac sympathetic nerve activi-
ty and left ventricular function in patients with
congestive heart failure. J Nucl Med 20083; 44:
884-890.

KAsAMA S, ToYAMA T, KUMAKURA H, TAKAYAMA Y,
IcHIKAWA S, Suzuki T, KurasavasHi M. Effects of can-
desartan on cardiac sympathetic nerve activity in
patients with congestive heart failure and pre-
served left ventricular ejection fraction. J Am Coll
Cardiol 2005; 45: 661-667.

KAsAaMA S, ToyAMA T, HATORI T, SumiNO H, KuMmAKU-
RA H, TAKAYAMA Y, ICHIKAWA S, Suzuki T, KURABAYASHI
M. Comparative effects of valsartan and
enalapril on cardiac sympathetic nerve activity
and plasma brain natriuretic peptide in patients
with congestive heart failure. Heart 2006; 92:
625-630.

BArrR CS, LANG CC, HANSON J, ARNOTT M, KENNEDY
N, StrRutHERS AD. Effects of adding spironolactone
to an angiotensin-converting enzyme inhibitor in
chronic congestive heart failure secondary to
coronary artery disease. Am J Cardiol 1995; 76:
1259-1265.

KAsAMA S, ToYAMA T, KUMAKURA H, TAKAYAMA Y,
IcHIKAWA S, Suzuki T, KURABAYASHI M. Spironolactone
improves cardiac sympathetic nerve activity and
symptoms in patients with congestive heart fail-
ure. J Nucl Med 2002; 43: 1279-1285.

KASAMA S, ToyAMA T, KUMAKURA H, TAKAYAMA Y,
IcHIKAWA S, Suzuki T, KuraBavasHl M. Effect of
spironolactone on cardiac sympathetic nerve ac-
tivity and left ventricular remodeling in patients
with dilated cardiomyopathy. J Am Coll Cardiol
2003; 41: 574-581.

Kasama S, ToyamA T, Sumino H, MATsumoTo N, SATO
Y, KUMAKURA H, TAKAYAMA Y, ICHIKAWA S, Suzuki T,
KuraBavasHl M. Additive effects of spironolactone
and candesartan on cardiac sympathetic nerve
activity and left ventricular remodeling in patients
with congestive heart failure. J Nucl Med 2007;
48: 1993-2000.

Tovama T, HosHizaki H, Seki R, IsoBe N, ADACHI H,
Naro S, OsHimA S, TanigucHl K. Efficacy of amio-
darone treatment on cardiac symptom, function,
and sympathetic nerve activity in patients with di-
lated cardiomyopathy: Comparison with 3-blocker
therapy. J Nucl Cardiol 2004; 11: 134-141.

Tovama T, HosHIzAKI H, YOSHIMURA Y, KASAMA S, ISOBE
N, ApAcHI H, OsHIMA S, TANIGUCHI K. Combined
therapy with carvedilol and amiodarone is more
effective in improving cardiac symptoms, function,
and sympathetic nerve activity in patients with di-
lated cardiomyopathy: comparison with carvedilol
therapy alone. J Nucl Cardiol 2008; 15: 57-64.

TAKEDA N, HAYAsHI Y, ARINO T, TAKEDA A, Noma K. Ef-
fect of pimobendan in patients with chronic heart
failure. Exp Clin Cardiol 2001; 6: 195-199.



