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Carvedilol and metoprolol have been reported to be effective in
the treatment of patients with chronic heart failure. However, to
our knowledge, there have been no studies comparing the
effects of the 2 drugs on cardiac function, including cardiac
sympathetic nerve activity. Methods: We compared 15 patients
with dilated cardiomyopathy (DCM) who were receiving carve-
dilol (group A) with 15 patients with DCM who were receiving
metoprolol (group B). Before and after 1 y of treatment, cardiac
123I-metaiodobenzylguanidine (123I-MIBG) uptake was assessed
using the total defect score (TDS) and the heart-to-mediastinum
(H/M) activity ratio from the delayed images. The New York
Heart Association (NYHA) class and echocardiographic left ven-
tricular ejection fraction (LVEF) also were assessed. Results: In
both groups, the TDS decreased (in group A, from 25 � 14 to
16 � 14, P � 0.01; in group B, from 27 � 9 to 19 � 10, P �
0.01), the 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), the LVEF increased (in group A, from 31% � 10% to
48% � 10%, P � 0.01; in group B, from 28% � 9% to 47% �
15%, P � 0.01), and the NYHA functional class improved (in
group A, from 2.9 � 0.3 to 1.7 � 0.5, P � 0.01; in group B, from
2.8 � 0.6 to 1.7 � 0.6, P � 0.01). The change in LVEF was mildly
correlated with the change in the TDS in group A (r � 0.41) as
well as in group B (r � 0.53). In the patients with a favorable
response in the TDS or H/M, the NYHA class improved more
than in the patients without a favorable response (P � 0.05).
Conclusion: Carvedilol treatment can improve cardiac function,
symptoms, and cardiac sympathetic nerve activity in patients
with DCM to a similar extent as metoprolol treatment. The
improvement of cardiac function and symptoms is related to the
improvement of cardiac sympathetic nerve activity.
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The prognosis of patients with idiopathic dilated cardio-
myopathy (DCM) remains poor. Activation of the sympa-
thetic nervous system is one of the cardinal pathophysio-
logic abnormalities in patients with chronic heart failure (1).
Studies performed in Sweden in the 1970s suggested that
long-term therapy with �-blockers might produce hemody-
namic and clinical benefits (2). Subsequent controlled clin-
ical trials have shown that �-blockers produce consistent
benefits in patients with chronic heart failure (3–6). Trials
using bisoprolol (3), metoprolol (4), and carvedilol (5,6)
have demonstrated a decrease in the number of cardiac
deaths due to heart failure and improvement of the left
ventricular ejection fraction (LVEF) in patients with chronic
heart failure (2–6). Only 1 trial using bucindolol has not
been able to demonstrate a beneficial effect of �-blockers
(7). Recently, comparisons between metoprolol and carve-
dilol therapy have been reported (8–10). Carvedilol im-
proves cardiac performance to the same (9) or greater
(10,11) extent than metoprolol when given to patients with
heart failure. However, to our knowledge, there have been
no comparison studies between the 2 drugs with respect to
their effect on cardiac function, including cardiac sympa-
thetic nerve activity.

123I-Metaiodobenzylguanidine (123I-MIBG) imaging has
been used to study cardiac sympathetic nerve activity. Car-
diac 123I-MIBG uptake is altered in patients with DCM
(12,13). The cardiac uptake of 123I-MIBG and LVEF are corre-
lated (12,13), and 123I-MIBG imaging can be a useful prognostic
test in patients with DCM (13). This study was undertaken to
determine the effect of carvedilol treatment on cardiac
symptoms, function, and sympathetic nerve activity in pa-
tients with DCM compared with metoprolol treatment.

MATERIALS AND METHODS

Study Population
Thirty consecutive patients (7 women, 23 men; mean age, 59 �

12 y; range, 28–79 y) with DCM were placed on treatments with
either carvedilol or metoprolol in addition to conventional heart
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failure therapy, which included digitalis, diuretics, and angioten-
sin-converting enzyme inhibitors or angiotensin II blockers. All
patients had experienced at least 1 episode of heart failure requir-
ing short-term hospitalization. All patients were symptomatic at
the start of treatment with carvedilol or metoprolol. Patients were
in New York Heart Association (NYHA) functional classes II to
IV and had an echocardiographic LVEF of �45%. Fifteen patients
(3 women, 12 men; mean age, 60 � 10 y) were treated with
carvedilol and 15 patients (4 women, 11 men; mean age, 58 �
14 y) were treated with metoprolol. Patients were assigned ran-
domly to the groups. All patients gave informed consent in accor-
dance with the guidelines of our hospital’s Human Clinical Study
Committee before participation in the study.

Coronary angiography revealed normal coronary arteries in all
of the patients. The presence of acute or chronic myocarditis was
excluded in all of the patients based on the findings of left ven-
tricular endomyocardial biopsy. None of the patients had abused
alcohol. Moreover, none of the patients had congenital heart dis-
ease, valvular heart disease, or hypertensive heart disease.

Study Protocol
In patients receiving carvedilol, the initial dose was 1.25–2.5

mg/d. Three to 5 mo later, the dose increased to the maintenance
dose of 10–20 mg/d. In patients receiving metoprolol, the initial
dose was 2.5–5 mg/d. Three to 5 mo later, the dose increased to the
maintenance dose of 30–60 mg/d. We performed a series of
examinations before and after 1 y of treatment.

123I-MIBG and 99mTc-MIBI Imaging
The 123I-MIBG and 99mTc-methoxyisobutylisonitrile (99mTc-

MIBI) were obtained commercially (Daiichi Radioisotope Labo-
ratories). The patients were injected intravenously with 111 MBq
123I-MIBG while in an upright position. Anterior planar and
SPECT images were acquired 15 min after injection and repeated
4 h later. SPECT imaging was performed using a dedicated 3-de-
tector imaging system (PRISM 3000; Picker International). The
detectors were constantly corrected for energy, uniformity, and
linearity. Projection images were acquired for 55 s in 5° incre-
ments over 360° orbits and were recorded at a digital resolution of
64 � 64. Immediately after this acquisition, the patients were
injected with 720 MBq 99mTc-MIBI while in an upright position
and imaged 30 min later. 99mTc-MIBI SPECT images were ac-
quired for 50 s in 5° increments over 360° orbits. Energy discrim-
ination was provided by a 20% window around the 159-eV pho-
topeak of 123I and a 15% window around the 140-eV photopeak of
99mTc-MIBI.

Using the anterior planar delayed 123I-MIBG images, the heart-
to-mediastinum (H/M) activity ratio was obtained using regions of
interest positioned over the heart (H) and over the upper medias-
tinum (M). The washout rate was calculated using the formula:
(H � M)early � (H � M)delayed/(H � M)early � 100. The myocardial
SPECT image set of each patient was divided into 20 segments
(Fig. 1). The short-axis images at the basal, middle, and apical
ventricular levels were divided into 6 segments each. The apical
segment of the vertical long-axis image was divided into 2 seg-
ments. Regional tracer uptake was scored semiquantitatively using
a 4-point scoring system (0 � normal uptake; 1 � mildly reduced
uptake; 2 � moderately reduced uptake; 3 � severely reduced
uptake). The total defect score (TDS) was calculated as the sum of
the scores for all 20 segments.

M-Mode Echocardiography
Echocardiographic measurements were performed using stan-

dard methods (14). Left ventricular end-diastolic and end-systolic
diameters were determined and the LVEF was calculated by the
method of Teicholz et al. (15).

Cardiac Symptoms
Cardiac symptoms were scored using the NYHA functional

classification.

Data Analysis and Statistics
Statistical analysis was performed with Statview (Hulinks) run

on a Macintosh computer (Apple Computers). Specific compari-
sons of parameters were performed using paired 2-tailed t tests.
Unpaired 2-tailed t tests were used to make comparisons between
the carvedilol and metoprolol groups and patients with and without
a favorable response in the TDS or H/M. All values are expressed
as the mean � SD. Significant differences were defined by P �
0.05.

RESULTS

The TDSs for the delayed 123I-MIBG images are summa-
rized in Table 1. In patients receiving carvedilol, the TDS
decreased significantly after 1 y of treatment (16 � 14)
compared with the baseline value (25 � 14, P � 0.01). In
patients receiving metoprolol, the TDS also decreased sig-
nificantly after 1 y of treatment (19 � 10) compared with
the baseline value (27 � 9, P � 0.01). The TDS for the
99mTc-MIBI images also changed significantly in both
groups. In patients receiving carvedilol treatment, the TDS
changed from 6 � 5 to 3 � 5 (P � 0.01). In patients
receiving metoprolol, the TDS also changed from 9 � 4 to
5 � 6 (P � 0.01).

The H/M ratios for the delayed 123I-MIBG images are
summarized in Table 1. In patients receiving carvedilol, the
H/M increased significantly after 1 y of treatment (2.01 �
0.36) compared with the baseline value (1.67 � 0.31, P �
0.01). In patients receiving metoprolol, the H/M also in-
creased significantly after 1 y of treatment (1.93 � 0.32)
compared with the baseline value (1.68 � 0.21, P � 0.01).
In patients receiving carvedilol, the washout rate for the
123I-MIBG image decreased significantly after 1 y of treat-
ment (36% � 16%) compared with the baseline value
(47% � 15%, P � 0.01). In patients receiving metoprolol,
the washout rate also decreased significantly after 1 y of

FIGURE 1. Diagram of segmentation scheme used to assess
regional 123I-MIBG and 99mTc-MIBI uptake.
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treatment (37% � 11%) compared with the baseline value
(51% � 10%, P � 0.01; Table 1).

The left ventricular end-diastolic and end-systolic diam-
eters and the LVEF at baseline were compared with the
values after 1 y of treatment. In patients receiving carve-
dilol, the end-diastolic diameter decreased significantly af-
ter 1 y of treatment (55 � 7 mm) compared with the
baseline value (64 � 8 mm, P � 0.01). In patients receiving
metoprolol, the end-diastolic diameter also decreased sig-
nificantly after 1 y of treatment (58 � 7 mm) compared with
the baseline value (65 � 7 mm, P � 0.01; Table 2). In
patients receiving carvedilol, the end-systolic diameter de-
creased significantly after 1 y of treatment (42 � 7 mm)
compared with the baseline value (54 � 9 mm, P � 0.01).
In patients receiving metoprolol, the end-systolic diameter

also decreased significantly after 1 y of treatment (44 � 10
mm) compared with the baseline value (57 � 8 mm, P �
0.01; Table 2).

In patients receiving carvedilol, the LVEF increased sig-
nificantly after 1 y of treatment (48% � 10%) compared
with the baseline value (31% � 10%, P � 0.01). In patients
receiving metoprolol, the LVEF also increased significantly
after 1 y of treatment (47% � 15%) compared with the
baseline value (28% � 9%, P � 0.01; Table 2). The NYHA
functional class of the patients is summarized in Table 2.
Patients treated with carvedilol showed an improvement of
functional class after 1 y of treatment compared with the
baseline value (P � 0.01). The functional status of patients
receiving metoprolol also improved after 1 y of treatment
(P � 0.01).

TABLE 1
123I-MIBG and 99mTc-MIBI Data

Patient
no. Sex

Age
(y)

TDS (123I-MIBG) H/M ratio Washout rate TDS (99mTc-MIBI)

BSL 1 y BSL 1 y BSL 1 y BSL 1 y

Carvedilol treatment group
1 F 72 25 7 1.45 1.98 42 35 1 0
2 M 72 8 5 1.91 2.22 41 40 0 0
3 M 71 32 36 1.51 1.56 66 67 15 15
4 M 49 19 10 1.73 2.01 49 32 6 0
5 M 65 38 26 1.53 2 55 40 10 4
6 M 70 60 50 1.08 1.19 74 60 9 5
7 M 51 14 4 2.3 2.5 28 30 2 0
8 F 63 14 12 2.01 2.52 26 21 4 0
9 M 49 8 9 2.03 2.13 43 14 0 0

10 F 66 27 7 1.71 2.16 30 11 2 0
11 M 63 40 28 1.43 1.65 61 51 14 7
12 M 51 24 3 1.39 2.25 28 24 3 0
13 M 59 25 13 1.73 1.94 51 45 5 2
14 M 42 15 4 1.78 2.27 62 27 0 0
15 M 53 31 23 1.51 1.76 56 49 13 16

Mean 60 25 16* 1.67 2.01* 47 36* 6 3*
�SD �10 �14 �14 �0.31 �0.34 �15 �16 �5 �5

Metoprolol treatment group
1 M 47 23 8 1.69 2.03 53 36 10 2
2 F 35 17 11 1.4 1.71 60 47 4 0
3 M 49 33 27 1.64 1.83 57 31 2 4
4 F 67 45 36 1.5 1.64 62 45 13 13
5 M 49 30 10 1.86 2.57 38 23 7 0
6 M 63 21 28 1.86 2.1 47 31 10 0
7 M 60 36 40 1.33 1.38 56 48 18 18
8 M 28 13 14 1.96 1.83 30 31 6 0
9 M 70 40 22 1.43 1.63 66 49 8 0

10 M 79 32 24 1.49 1.69 58 54 10 12
11 F 69 22 9 1.97 2.37 55 31 10 9
12 M 68 31 19 1.66 2.02 37 17 11 6
13 F 63 21 8 1.87 2.31 46 40 9 5
14 M 58 25 16 1.71 1.87 56 42 6 3
15 M 71 22 10 1.75 1.94 49 29 6 5

Mean 58 27 19* 1.68 1.93* 51 37* 9 5*
�SD �14 �9 �10 �0.21 �0.32 �10 �11 �4 �6

*P � 0.01 vs. BSL.
BSL � baseline; 1 y � 1 y of study.
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The change in LVEF was mildly correlated with the
change in TDS in patients receiving carvedilol (r � 0.41)
and in patients receiving metoprolol (r � 0.53; Fig. 2).
However, the change in LVEF was not correlated with the
change in H/M in both groups (r � 0.06 in patients receiv-
ing metoprolol and r � 0.18 in patients receiving carvedilol;
Fig. 3). In the patients of the combined group with a
favorable response of the TDS that was �10, the NYHA
functional class improved more than in the patients without
a favorable response (P � 0.05; Fig. 4). Moreover, in the
patients of the combined group with a favorable response of
the H/M that was �0.3, the NYHA functional class also
improved more (P � 0.05; Fig. 5).

Figure 6 shows an example of the 123I-MIBG and 99mTc-
MIBI uptake after metoprolol treatment. The H/M increased
from 1.69 to 2.03 and the LVEF increased from 16% to 58%
after metoprolol treatment. Figure 7 shows an example of
the 123I-MIBG and 99mTc-MIBI uptake after carvedilol treat-
ment. The H/M increased from 1.68 to 2.19 and the LVEF
increased from 33% to 60% after carvedilol treatment.

DISCUSSION

Myocardial scintigraphy with 123I-MIBG, an analog of
norepinephrine, has been reported to provide images that
reflect cardiac sympathetic nerve function (12,13). 123I-
MIBG uptake is considered to be useful for the evaluation

TABLE 2
Echocardiographic and NYHA Data

Patient
no.

LVDd (mm) LVDs (mm) LVEF (%) NYHA class

BSL 1 y BSL 1 y BSL 1 y BSL 1 y

Carvedilol treatment group
1 66 48 56 38 31 42 3 1
2 55 51 46 40 32 42 3 2
3 56 58 45 44 40 56 3 2
4 73 59 65 45 23 47 3 2
5 64 54 48 40 47 51 3 2
6 67 67 62 56 12 33 3 2
7 50 46 42 32 33 58 3 1
8 55 53 43 36 44 60 3 2
9 62 56 55 46 25 36 3 2

10 75 52 67 38 22 53 3 2
11 76 67 67 53 23 42 3 2
12 64 56 55 40 28 54 3 1
13 67 55 58 42 30 47 3 2
14 62 44 48 28 45 66 2 1
15 67 59 56 48 34 38 3 2

Mean 64 55* 54 42* 31 48* 2.9 1.7*
�SD �8 �7 �9 �7 �10 �10 �0.3 �0.5

Metoprolol treatment group
1 68 52 63 36 16 58 3 1
2 66 56 58 39 26 57 3 1
3 68 62 60 49 25 42 3 2
4 57 59 46 45 39 47 2 2
5 70 59 62 44 24 49 3 1
6 66 67 59 59 23 25 3 2
7 73 75 67 70 18 14 3 3
8 73 59 59 37 38 66 3 2
9 80 48 74 32 16 64 4 2

10 63 54 56 44 22 38 3 2
11 57 54 48 42 33 44 2 1
12 60 60 50 46 34 46 3 2
13 65 61 57 52 26 31 3 2
14 57 45 44 30 45 62 2 1
15 56 59 46 39 37 62 2 1

Mean 65 58* 57 44* 28 47* 2.8 1.7*
�SD �7 �7 �8 �10 �9 �15 �0.6 �0.6

*P � 0.01 vs. BSL.
LVDd � left ventricular end-diastolic diameter; LVDs � left ventricular end-systolic diameter; BSL � baseline; 1 y � 1 y of study.
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of the severity of heart failure. In addition, the H/M and
TDS correlate with the LVEF. 123I-MIBG can also be used
to determine prognosis and evaluate therapeutic efficacy
(13).

FIGURE 2. Correlation between change in LVEF and TDS.
There were mild correlations in patients receiving metoprolol
(r � 0.53) and carvedilol (r � 0.41). E, Patients receiving meto-
prolol; F, patients receiving carvedilol.

FIGURE 3. Relationship between change in LVEF and H/M.
There were no significant relationships in patients receiving
metoprolol and carvedilol. E, Patients receiving metoprolol; F,
patients receiving carvedilol.

FIGURE 4. Comparison between patients with favorable re-
sponse and without favorable response in TDS. Favorable re-
sponse means improvement of TDS �10 after �-blocker treat-
ments. Improvement of LVEF in patients with favorable
response was higher than that in patients without favorable
response (P � 0.05).

FIGURE 5. Comparison between patients with favorable re-
sponse and without favorable response in H/M. Favorable re-
sponse means improvement of H/M �0.3 after �-blocker treat-
ments. Improvement of LVEF in patients with favorable
response was higher than that in patients without favorable
response (P � 0.05).
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The mechanism of beneficial action of �-blockers in the
setting of DCM includes the following: (a) increased myo-
cardial energy that is available for synthetic and reparative
processes; (b) improved diastolic relaxation, filling, and
compliance; (c) inhibition of sympathetically mediated va-
soconstriction via prostaglandin and renin release; (d) pro-
tection against catecholamine-induced myocardial damage
and necrosis; and (e) upregulation of �-adrenergic recep-
tors, allowing for restoration of catecholamine responsive-
ness (16–18). Recently, it has been reported that �-blockers
enhance the expression of �-adrenergic receptor kinase and
reduce the expression of �1-receptors (19). �-Blockers also
have hemodynamic and energetic benefits (20) and enhance
cell-mediated immunity and improve T-cell function (21).

Several large-scale trials using bisoprolol (3), metoprolol
(4), carvedilol (5,6), or bucindolol (7) have been performed
in patients with chronic heart failure. Although the bucin-
dolol trial did not demonstrate a favorable effect of treat-
ment on survival, the other trials demonstrated a reduction
in the risk of death as well as the risk of hospitalization for
cardiovascular causes in patients with chronic heart failure.

The basic biologic action of the third-generation
�-blocker carvedilol differs considerably from that of the
second-generation �-blocker metoprolol. Compared with
metoprolol, which is a �1-selective blocking agent, carve-
dilol is a relatively nonselective �-blocking agent (22,23),
blocks �1-receptors (22,24–26), and has important antioxi-
dant properties (27). Metoprolol treatment increases cardiac
�-receptor density, whereas carvedilol does not change car-
diac �-receptor expression (11), suggesting that carvedilol
allows cardiac function to recover without upregulation of
�-adrenergic receptors. Cargnoni et al. showed that the
antioxidant activity of carvedilol improves the ratio of re-

duced glutathione to oxidized glutathione and that the an-
tioxidant effect helps to maintain myocardial viability (28).
Rossig et al. reported that carvedilol inhibits endothelial cell
apoptosis through its antioxidant effect and that this action
might contribute to the beneficial effects of carvedilol in
patients with heart failure (29).

On the basis of these pharmacologic differences between
carvedilol and metoprolol, there have been comparisons
between the 2 drugs in patients with chronic heart failure.
Gilbert et al. reported that carvedilol, but not metoprolol,
increases the LVEF compared with a placebo (11). How-
ever, in that study, the carvedilol placebo did not increase
the LVEF, whereas the metoprolol placebo increased the
LVEF. Metra et al. also reported that the improvement of
the LVEF in the carvedilol group was greater than that in
the metoprolol group (10). In contrast, Kukin et al. reported
that carvedilol and metoprolol had similar beneficial effects
on the LVEF in patients with chronic heart failure (9).

In our study, metoprolol and carvedilol had similar ef-
fects on the left ventricular end-diastolic diameter, end-
systolic diameter, LVEF, and NYHA functional class.
These results are similar to those of Kukin et al. (9). Fur-
thermore, we were able to demonstrate that the improve-
ment of the TDS, H/M, and washout rate in the carvedilol
treatment group was the same as that in the metoprolol
treatment group 1 y after initiation of treatment. These
results suggest that metoprolol improves cardiac sympa-
thetic nerve activity through upregulation of �-adrenergic
receptors, whereas carvedilol improves cardiac sympathetic
nerve activity without upregulation of �-adrenergic recep-
tors. On the basis of our findings, carvedilol treatment can
improve cardiac function, symptoms, and sympathetic nerve
activity in patients with DCM. Furthermore, the efficacy of

FIGURE 7. Representative case of carvedilol treatment. 123I-
MIBG and 99mTc-MIBI images were obtained from short-axis
and vertical long-axis reconstructions.

FIGURE 6. Representative case of metoprolol treatment. 123I-
MIBG and 99mTc-MIBI images were obtained from short-axis
and vertical long-axis reconstructions.
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carvedilol treatment for patients with DCM is similar to that
of metoprolol treatment.

On the relationship between improvement of cardiac
function and cardiac sympathetic nerve activity, the im-
provement of the LVEF was mildly correlated with the
improvement of the TDS in both groups. However, the
change in the LVEF was not correlated with the change in
the H/M in both groups. The reason may be that the im-
provement of sympathetic nerve activity after �-blocker
treatments might be emphasized on the SPECT images
because of the decrease of the left ventricular end-diastolic
and end-systolic diameters.

In the patients of the combined group with a favorable
response of the TDS or the H/M, the NYHA functional class
also was more improved. After �-blocker treatment of either
carvedilol or metoprolol, cardiac function, symptoms, and
cardiac sympathetic nerve activity estimated by the 123I-
MIBG images improved. However, the relationship be-
tween the improvement of cardiac function and cardiac
sympathetic nerve activity was not always good. These
findings means that the improvement of the cardiac sympa-
thetic nerve activity and the improvement of cardiac func-
tion and symptoms do not always change in parallel. There
are individual differences in these improvement factors. In
this study, it seemed to be difficult to see the correlation
because the number of patients was few and the number of
serious patients of NYHA functional class IV was very few.
Gerson et al., in a study of 22 congestive heart failure
patients treated with carvedilol, noted no significant rela-
tionship between the baseline 123I-MIBG H/M and improve-
ment of the LVEF (30).

On the other hand, myocardial perfusion estimated using
99mTc-MIBI improved after both �-blocker treatments.
However, Bennett et al. reported recently that they mea-
sured the absolute myocardial blood flow in patients with
DCM and found no significant change in the regional blood
flow before and after metoprolol treatment (31). Our data
that myocardial perfusion improved after �-blocker treat-
ments may be relative improvement on the images due to
the decrease of the left ventricular end-diastolic and end-
systolic diameters. On the images, the 123I-MIBG uptake
improved much more than the 99mTc-MIBI uptake.

Two limitations of our study must be considered. First,
because of the small number of patients in this study, it was
difficult to identify differences between carvedilol and
metoprolol therapy. Second, the dose of both �-blockers
was relatively low. In the future, we need to study the
long-term effects of these agents and to compare these
medicines in a large number of patients.

CONCLUSION

The effects of carvedilol in the treatment of patients with
DCM are similar to those of metoprolol treatment with
respect to improvements in cardiac function, symptoms, and
sympathetic nerve activity. The improvement of cardiac

function and symptoms is related to the improvement of
cardiac sympathetic nerve activity.
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