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Abstract
Background: Autonomic alterations in heart failure are associated with an increase in morbimortality. Several noninvasive 
methods have been employed to evaluate the sympathetic function, including the Meta-Iodobenzylguanidine (123I-MIBG) 
scintigraphy imaging of the heart.

Objective: to evaluate the cardiac sympathetic activity through 123I-MIBG scintigraphy, before and after three months of 
carvedilol therapy in patients with heart failure and left ventricular ejection fraction (LVEF) < 45%. 

Patients and methods: Sixteen patients, aged 56.3 ± 12.6 years (11 males), with a mean LVEF of 28% ± 8% and no 
previous use of beta-blockers were recruited for the study. Images of the heart innervation were acquired with 123I-MIBG, 
and the serum levels of catecholamines (epinephrine, dopamine and norepinephrine) were measured; the radioisotope 
ventriculography (RIV) was performed before and after a three-month therapy with carvedilol. 

Results: Patients’ functional class showed improvement: before the treatment, 50% of the patients were FC II and 
50% were FC III. After 3 months, 7 patients were FC I (43.8%) and 9 were FC II (56.2%), (p = 0.0001). The mean LVEF 
assessed by RIV increased from 29% to 33% (p = 0.017). There was no significant variation in cardiac adrenergic activity 
assessed by 123I-MIBG (early and late resting images and washout rate). No significant variation was observed regarding 
the measurement of catecholamines. 

Conclusion: The short-term treatment with carvedilol promoted the clinical and LVEF improvement. However, this was 
not associated to an improvement in the cardiac adrenergic activity, assessed by 123I-MIBG scintigraphy, as well as the 
measurement of circulating catecholamines. (Arq Bras Cardiol 2010; 94(3):308-312)
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Introduction
Sympathetic functional disorders have an important 

clinical significance in cardiac diseases1 and have a central 
role in the assessment and progression of primary and 
secondary cardiomyopathies2. Recently, the importance of 
identifying alterations in the autonomic cardiac innervation 
in cardiovascular diseases, including heart failure (HF), 
arrhythmias, ischemic heart diseases and diabetes has been 
increasingly acknowledged3-5.

There are several invasive and noninvasive, direct and 
indirect methods used to evaluate the cardiac autonomic 
function in cardiovascular diseases. However, Nuclear 
Medicine is currently the only imaging modality with 
enough sensitivity that offers the visualization of cardiac 
neurotransmission in vivo at the molecular level6.

Several radiotracers are used to assess the sympathetic 
nervous system, such as the true catecholamines or 
catecholamine analogs. The agent that allowed the visualization 
of the sympathetic nerves was the meta-iodobenzylguanidine 
(MIBG), a norepinephrine (NE) analog that was developed in 
1980 by Wieland et al7.

The role of neurohormonal axis in HF is well known and 
important for the treatment. One of the characteristic features 
in the HF scenario is the development of excessive sympathetic 
tonus and the uncoupling of the beta-adrenergic receptors. 

The development of noninvasive methods to evaluate 
the change of the beta-adrenergic signaling system in HF in 
response to the therapy is important. The NE-analog 123I-MIBG 
radiotracer competes with the NE reuptake in the presynaptic 
vesicles and can be used to analyze the synaptic innervation 
and heart function8.

The image of the cardiac neurotransmission allows the 
in vivo assessment of the presynaptic reuptake and the 
neurotransmitter stock, as well as the regional distribution and 
activity of the pre-synaptic receptors. The biochemical process 
that occurs during the neurotransmission can be investigated in 
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vivo, at molecular level, using a neurotransmission radiotracer 
and ligand receptor6.

In patients with HF, the assessment of the sympathetic 
activity has important prognostic implications that will result 
in better treatment and outcome6.

Several studies in the literature, carried out with 123I-MIBG9-

12, have assessed changes in the heart/mediastinum ratio in 
response to mid and long-term therapy with beta-blockers in 
HF. The present study analyzed the response of short-term 
therapy (3 months) with carvedilol on the cardiac innervation, 
evaluated by 123I-MIBG scintigraphy and the correlation with 
the left ventricular ejection fraction (LVEF) in individuals with 
HF and LVEF< 45%. 

Methods 
Sixteen patients were prospectively selected – 11 males 

(69%) – from the Heart Failure Outpatient Clinic and invited 
to participate in the study after clinical evaluation and LVEF 
assessment through echocardiography and radionuclide 

ventriculography. Subsequently, the patients underwent 
myocardial 123I-MIBG scintigraphy, in order to assess the 
cardiac adrenergic innervation; both early (30-minute) and 
late (4-hour) images were obtained and the washout rate was 
calculated. All scintigraphy assessments were carried out at the 
Service of Nuclear Medicine of Hospital Pro-Cardiaco of Rio 
de Janeiro, in a Siemens digital tomographic Anger scintigraphy 
chamber (Single Photon Emission Computed Tomography - 
SPECT) , model E-Cam with double detector, with low-energy, 
high-resolution collimator. Plasma catecholamines were 
measured in all patients. Twelve patients (75%) were submitted 
to a cardiac catheterism and ischemic disease was diagnosed 
in 2 of them (13%). Among the 16 patients, 15 were receiving 
medical assistance and used some type of medication, more 
often an ACEI/ARA II drug (69%) and none of them used 
beta-blockers. The mean dose of carvedilol, obtained after the 
3-month treatment, was 27 ± 14 mg a day. The evaluations 
were carried out from July 2006 to March 2008, after the 
patients agreed to participate in the study and signed the 
Free and Informed Consent Form, which was approved by 
the Review Board of our Institution. The patients’ data were 
included in an Access database for statistical analysis. LVEF 
was assessed in the 16 patients by both echocardiography and 
radionuclide ventriculography. 

For some variables, there was loss of information at data 
collection, as follows: in one case, the pre-treatment value 
of the LVEF and the EFIV were not considered, as the patient 
was assessed post-carvedilol in atrial fibrillation; in another 
case, the 4-hour MIBG was not performed; and in two cases, 
the catecholamine results were not available. 

Results
The mean age of the 16 selected patients was 56.3 ± 

12.6 years. Table 1 shows the general characteristics of the 
patients.  The mean basal heart rate (HR) was 84 ±16.4 bpm. 
The laboratory variables evaluated at the pre-treatment period 
showed decreased LVEF at the echocardiography (0.28 ± 0.08) 
as well as the radionuclide ventriculography (0.29 ± 0.10), 
and decreased MIBG values at the 30-minute and 4-hour 
images (1.60 ±  0.17 and 1.55 ±  0.17, respectively), with 
a high washout rate (0.29 ±  0.11). On average, the plasma 
catecholamine levels were within the normal range, i.e., NE 
= 259 ±  86 pg/ml (normal up to 370 pg/ml), DOP = 176.1 
± 38.4 pg/ml (normal up to 200 pg/ml) and EPI = 132.3 ± 
26.0 pg/ml (normal up to 150 pg/ml). 

The variation in functional class (FC) from the pre to 
the post-treatment period showed significant improvement 
in parallel with the clinical improvement observed in the 
patients. Figure 1 shows the change in FC before and after 
the carvedilol therapy. 

It was observed that there was a significant decrease in HR 
(ECG) from the pre to the post-treatment period. There was 
a mean decrease of 20.4 bpm (p = 0.0001) in HR, which 
corresponds, on average,  to 22.4% (p = 0.0001). 

The patients’ ejection fraction, assessed by both the 
echocardiography  and radionuclide ventriculography, showed 
a statistically significant increase after the carvedilol therapy, 
as shown in Table 2. Figure 1 -  Change in functional class

Table 1 – General characteristics of the sample at the start of the study

Variable Frequency n(%)

Male sex 11/16 (72%)

FC II (NYHA) 8/16 (50%)

FC III (NYHA) 8/16 (50%)

Etiology Ischemic 2/16 (13%)

ARA II/ACEI 11/16 (69%)

Digitalis 6/16 (38%)

Diuretics 7/16 (44%)

Nitrates 1/16 (6%)
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The cardiac adrenergic activity evaluated by Nuclear 
Medicine through the early (30-minute) and the late 
(4-hour) image, as well as the washout rate did not show a 
statistically significant alteration, similarly to the catecholamine 
measurements.  

Table 2 shows the results of the variables studied in the 
periods pre and post-treatment with carvedilol and the 
statistical significance.  

To illustrate the cardiac scintigraphy evaluations carried 
out with 123I-MIBG, we show the scintigraphy images of one 
patient included in the study with a favorable adrenergic 
neurotransmission response to carvedilol use before and 
after the three-month treatment period.  Figure 2 shows 
the image before the treatment and Figure 3 the image 
after the treatment, both tomographic ones. Figures 4 
and 5 are planar images of the same patient before and 
after carvedilol therapy.  All images show the consistent 
improvement with the adrenergic innervation. However, 
in most patients, no significant improvement was observed 
regarding the neurotransmission, as in this case, during the 
study period. 

Discussion
The present study observed a dissociation between the 

clinical/functional improvement and the recovery of the 
adrenergic functional integrity of the heart after a short-
term treatment with carvedilol. This study is the only one 
to demonstrate a lack of association between functional 
improvement and adrenergic function improvement in 
patients treated with carvedilol for three months. 

Nuclear Medicine has been broadly employed in 
the assessment of patients with cardiopathies, providing 
diagnostic13 and prognostic9 data. The evaluation of patients 
with HF through functional methods after therapeutic 
measures is one of the multiple possibilities of isotopic 

Table 2 - Pre and post-carvedilol variables  

MEAN PRE MEAN POST P value 

LVEF (%) 28% 34% 0.009

EFIV (%) 29% 33% 0.017

HR (bpm) 84 63.6 0.0001

MIBG 30 minutos 1.6 1.64 0.58

MIBG 4 horas 1.55 1.6 0.38

WASHOUT 0.29 0.34 0.57

NE (pg/ml) 259 276.6 0.77

DOP (pg/ml) 176.14 161.07 0.32

EPI (pg/ml) 132.3 117.1 0.11

LVEF - left ventricular ejection fraction; EFIV - ejection fraction by 
isotope ventriculography; HR – heart rate; MIBG 30 minutes - Meta-
Iodobenzylguanidine scintigraphy; Washout - difference between early 
image versus late image uptake; NE - norepinephrine; DOP - dopamine; 
EPI - epinephrine.
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Figure 2 – Scintigraphy with 123I-MIBG – Pre-treatment. Pre-treatment 
scintigraphy with 123I-MIBG showing extensive denervation area in the anterior, 
anteroseptal and apical walls.

Figure 3 – Scintigraphy with 123I-MIBG – Post-treatment. Post-treatment 
scintigraphy with 123I-MIBG showing adrenergic neurotransmission 
improvement in the septal and apical segments. 

Figure 4 – Pre-treatment planar image. Quantification of the MIBG distribution 
in the heart before the treatment with carvedilol, showing marked impairment 
of the adrenergic neurotransmission. 30-minute H/M ratio = 1.44 and 4-h 
H/M ratio = 1.43.
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techniques14, as the 123I-MIBG scintigraphy is unique, providing 
information on the cardiac adrenergic status. One of the 
differential factors in the present study, in comparison to other 
studies published in the literature that specifically address the 
cardiac adrenergic function evaluated through MIBG, is that 
there was an improvement in left ventricular function and 
functional class, without a significant improvement in the 
adrenergic neurotransmission. There are many explanations 
for this fact. One of the most adequate ones is the short time 
interval (3 months) between the assessments carried out pre 
and post-treatment with carvedilol. Another explanation for 
the hemodynamic improvement without significant adrenergic 
improvement may be attributed to the 22.4% decrease in 
heart rate.  In normal hearts, the increase in heart rate is 
accompanied by the increase in the myocardial contractile 
performance (Bowditch-Treppe phenomenon)13. Hearts that 
present failure exhibit phenotypic changes, including the 
enzymes that regulate calcium homeostasis, resulting in the 
decreased diastolic uptake of calcium into the sarcoplasmic 
reticulum, with subsequent decrease in calcium release 
during the following systole, with the ensuing decrease in the 
contractile performance and an alteration in the strength/
frequency ratio. In chronic left ventricular dysfunction, 
therefore, the contractile performance decreases with the 
increase in heart rate and a improvement in the ejection 
fraction is observed with the decrease in chronotropism (HR 
between 50 and 60 bpm)12.

In general, the studies demonstrate a concomitant 
improvement in the ventricular function and the adrenergic 
transmission, as in the studies by Agostini and cols., which 
evaluated 22 patients before and after 6 months of treatment 
with carvedilol, showing at the H/M late image an improvement 
from 145% ± 23% to 170% ± 25% (p = 0.0001)15. Cohen-Solal 
et al16. studied 64 patients with dilated cardiomyopathy – in 

a multicentric, double-blind, placebo-controlled study – and 
submitted 28 patients to carvedilol therapy for 6 months, 
with a dose of 50 or 100 mg/day, depending on the patient’s 
weight, < or > 85 kg, respectively. The patients that did not 
tolerate the maximum dose were excluded from the study. 
After 6 months, an improvement in the LV ejection fraction 
was observed, from 25% ± 11% to 31% ± 12% (increase of 
24%) as well as of the H/M ratio, which increased from 142% 
± 18% to 149% ± 21% and the authors concluded that the 
hemodynamic benefits of the carvedilol therapy in patients 
with dilated cardiomyopathy could be associated with the 
partial recovery of the adrenergic innervation function16. 
Toyama et al17 evaluated 30 patients, of which 15 received 
carvedilol (Group A) and 15 metoprolol (Group B) before and 
after 1 year of treatment. There was an increase in the H/M 
ratio in both groups, with an increase of 1.67 ± 0.31 to 2.01 
± 0.3 in Group A and 1.68 ± 0.21 to 1.93 ± 0.32 in Group 
B, with p < 0.01 at the late image17. In our study, the pre to 
post-carvedilol variation was from 1.55 ± 0.17 to 1.60 ± 20, 
with p = 0.38 after three months of treatment.

Differently from other studies, the present study did not 
observe an improvement in adrenergic neurotransmission; 
however, the treatment duration was shorter and the beta-
blocker dose used was lower than that used in other studies 
(30 mg/day), as the dose increase tends to augment the 
efficacy of the beta-blocking, with a consequent improvement 
in adrenergic transmission. Therefore, one can suppose that 
the LV function improvement precedes the improvement 
in the adrenergic function within a short period of time. A 
possible limitation would be the number of assessed patients. 
However, the 16-patient sample has a power of 93% to detect 
a 15% variation in the H/M ratio in a group of patients with 
an H/M ratio of 1.8. Lower-intensity modifications cannot 
be ruled out.  

In summary, our study evaluated, through 123I-MIBG 
scintigraphy, whether a short-term (3 months) treatment with 
carvedilol would modify the cardiac adrenergic activity in 
patients with HF due to systolic dysfunction. We concluded 
that the short-term treatment with carvedilol was associated 
with clinical and hemodynamic improvement, but not with 
significant alterations in adrenergic function. 
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Figure 5 – Post-treatment planar image. Quantification of the MIBG distribution 
in the heart after the 3-month treatment with carvedilol, showing significant 
improvement in the radiotracer uptake in the heart, with improved adrenergic 
neurotransmission. 30-minute H/M ratio = 1.88 and 4-h H/M ratio = 1.87.
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