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52 Carvedilol in Treating Dilated Cardiomyopathy

Effects of Carvedilol on
Plasma Levels of Pro-
Inflammatory Cytokines

in Patients with Ischemic and
Nonischemic Dilated Cardiomyopathy

We prospectively investigated the effects of adding carvedilol to the standard treatment
of ischemic and nonischemic dilated cardiomyopathy (DCM), by measuring the plasma
levels of pro-inflammatory cytokines. Sixty patients with DCM (35 ischemic and 25 non-
ischemic) were divided into 2 subgroups: patients on standard therapy alone (digoxin, angio-
tensin-converting enzyme inhibitors, and diuretics) and patients on standard therapy plus
carvedilol. Study participants’ serum levels of tumor necrosis factor-a (TNF-a), interleukin-
2 (IL-2), and interleukin-6 (IL-6) were measured at the beginning and again at the end of the
study. Left ventricular ejection fraction and left ventricular diastolic function were evaluated
by means of radionuclide ventriculography.

In ischemic patients on carvedilol, levels of IL-6 and TNF-a dropped significantly (P=
0.028 and P=0.034, respectively). In ischemic patients on standard treatment, plasma -2
levels were elevated after treatment (P=0.047). No significant differences occurred in IL-6
levels, while TNF-a levels were elevated (P=0.008). In nonischemic patients on carvedilol,
IL-6 and TNF-a levels dropped significantly (P=0.018 and P=0.004, respectively). The left
ventricular ejection fraction increased significantly (P=0.006). In nonischemic patients on
standard treatment, no significant change occurred in any value. Carvedilol suppressed the
plasma levels of TNF-a and IL-6 in both ischemic and nonischemic patients. The carvedilol
effect was more pronounced in patients with nonischemic dilated cardiomyopathy than in
those with ischemic disease. (Tex Heart Inst J 2007:34:52-9)

hronic heart failure is a progressive syndrome that is characterized by heart

dysfunctions and increases in neurohormonal activity. During the past half

century, as various physiopathologic mechanisms have been proposed for
chronic heart failure, subsequent changes have occurred in its treatment. Prolonged
activation of the sympathetic system is one of the proposed mechanisms.

Pro-inflammatory cytokines have been shown to contribute, by various mecha-
nisms, to the alteration of cardiovascular functions such as left ventricular (LV)
remodeling, contractile dysfunctions, and reduction of the myocardial B-adrenergic
receptors.' In heart failure (HF) patients, plasma levels of pro-inflammatory cy-
tokines are higher and are positively correlated with the mortality rate.? Pro-inflam-
matory cytokines are influential pleotropic endogenic peptides, which are produced
by several cell types. Tumor necrosis factor-a. (TNF-a), interleukin-2 (IL-2), and
interleukin-6 (IL-6) are classified as pro-inflammatory cytokines.’

B-blockers, which were thought to be contraindicated for LV dysfunction, are
now the Ist step in HF treatment. It has been shown that the addition of B-block-
ers—with or without angiotensin-converting enzyme (ACE) inhibitors, diuretics,
and digoxin—to standard HF treatment reduced the mortality rate. This useful
effect of B-blockers is thought to be due to their suppression of the sympathetic
nervous system.*’

Carvedilol is a nonselective B-blocker (B,/B, rate, 7.3) with a-blocking, vaso-
dilatory, and antioxidant effects.® Recent reports have indicated that carvedilol use
in dilated cardiomyopathy (DCM) patients reduced the severity of the ventricular
dysfunction, increased the LV ejection fraction (EF), and consequently reduced the
morbidity and mortality rates.® It is not well known whether the useful effect of
carvedilol includes the suppression of pro-inflammatory cytokines in addition to the
suppression of the increased sympathetic activity. There are no data concerning the
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effect of carvedilol when it is added to standard ther-
apy in patients with ischemic DCM and nonischemic
DCM. In this study, we aimed to investigate the effects
of carvedilol on LV functions and on the levels of pro-
inflammartory cytokines in patients with ischemic and
nonischemic DCM.

Patients and Methods

In this prospective study, 60 patients with ischemic or
nonischemic DCM were treated in our department
of cardiology as either inpatients or outpatients from
February 2001 through November 2001. After appro-
val of the study by our hospital’s ethics committee,
we obtained signed consent from all patients. Baseline
characteristics of the study population at randomiza-
tion are shown in Table I. There were no significant
baseline differences between the groups. Entry criteria
for this study included age between 30 and 70 years, an
EF of 0.40 or lower, and symptomatic HF as a conse-
quence of ischemic or nonischemic DCM. Exclusion
criteria were chronic obstructive pulmonary disease,

TABLE I. Baseline Characteristics of the Study Population

significant valvular heart disease, thyrotoxicosis, hypo-
thyroidism, chronic kidney and liver diseases, malig-
nancy, anemia (hemoglobin, <9 g/dL), systolic blood
pressure lower than 90 mmHg, heart rate lower than 50
beats/min, and 1st- or 2nd-level heart block. Patients on
antiarrthythmic drugs or B-blockers, with a permanent
pacemaker, and with psychiatric problems were also
excluded from the study. The ischemic DCM (n=35)
and nonischemic DCM (n=25) groups were each di-
vided into 2 subgroups: ischemic DCM on standard
HF treatment (n=20), ischemic DCM on standard HF
treatment plus carvedilol (n=15), nonischemic DCM on
standard HF treatment (n=10), and nonischemic DCM
on standard HF treatment plus carvedilol (n=15). For
all patients, we recorded age; sex; presence of coronary
artery disease, hypertension, diabetes mellitus, and hy-
petlipidemia; history of smoking; drugs in use now or in
the past; New York Heart Association (NYHA) func-
tional class; blood pressure; and heart rate. A standard
HF treatment protocol was applied to all patients in the
ischemic and nonischemic DCM groups. Carvedilol at
an initial oral dose of 3.125 mg daily was added to the

Ischemic Dilated Myocardiopathy

Nonischemic Dilated Myocardiopathy

Baseline Baseline
Carvedilol Standard Carvedilol Standard
(n=15) (n=20) P Value (n=15) (n=10) PValue

Age (yr) 60.5+9.7 61.3+8.8 0.821 58.3+12.1 50.4+£14.5 0.155
Sex, % male 1411 19/1 0.681 10/5 8/2 0.659
Hypertension 7 7 0.727 5 2 0.659
Diabetes mellitus 3 9 0.237 2 1 1.000
Tobacco use 5 10 0.5622 4 2 1.000
Systolic blood pressure (mmHg) 122 +16 121+£19 0.804 121+16 122 +15 0.837
Diastolic blood pressure (mmHg) 78+9 75+ 1 0.314 77+10 77 +£12 0.849
Heart rate (beats/min) 82+9 80+ 11 0.723 80+7 81+8 0.844
NYHA functional class

| 0 0 0 0

Il 6 8 1.000 5 5 0.442

1l 9 12 10 5
IL-2 (U/mL) 718.3+£412.2 734.0+319.1 0.610 991.7+119.3 664.1 £241.3 0.807
IL-6 (pg/mL) 10.9+7.7 125+95 0.780 12.6+14.3 10.0£8.1 1.000
TNF-a (pg/mL) 10.5+£4.0 9.8+6.6 0.753 12.3+5.4 9.0+5.0 0.149
Left ventricular ejection fraction 0.22+0.09 0.256+0.09 0.374 0.22+0.08 0.28+0.10 0.141
Time to reach peak filling rate (ms) ~ 161.2+113.9 160.3+88.5 0.978 124.5+86.1 167.3+54.3 0.178
Time to reach peak emptying
rate (ms) 113.0+97.9 94.3+60.1 0.490 119.0+77.0 88.7+£54.9 0.295
1/3 maximum filling fraction (s) 05+0.2 0.5+0.3 0.980 04+0.2 0.3+01 0.062

IL-2 = interleukin-2; IL-6 = interleukin-6; NYHA = New York Heart Association; TNF-a = tumor necrosis factor-alpha
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standard treatment in the subgroups of ischemic and
nonischemic DCM patients who were assigned to re-
ceive carvedilol.

All patients (on carvedilol or not) were checked in
our polyclinics every 2 weeks. The carvedilol dosage (in
patients so assigned) could be doubled every 2 weeks,
if the dosage was tolerated by the patients. Carvedilol
treatment was monitored for the study period of 4
months. Functional class was considered to have im-
proved if the patient’s functional status increased by
one or more grades of the NYHA classification. It was
considered to have deteriorated if the functional class
decreased by one or more grades, or if the patient died.
Because all deaths were due to progression of HF, all
patients who died were classified in NYHA functional
class IV at the final follow-up.

Tumor Necrosis Factor-a,

Interleukin-2, and Interleukin-6 Levels

To measure TNF-a, IL-2, and IL-6 concentrations,
15 mL of blood was drawn from an antecubital vein
and collected into prechilled evacuated tubes contain-
ing ethylenediaminetetraacetic acid. Plasma was sepa-
rated by centrifugation at 2,500 rpm for 12 minutes
within 15 minutes of collection. Samples were stored
at =70 °C. Measurements of TNF-a, IL-2, and IL-6
were performed in undiluted plasma with a commer-
cially available, enzyme-linked agent for immunoassay
(Immulite, Diagnostic Products Corporation; Los An-
geles, Calif). Three of these measurements were then
averaged to obtain the plasma level. Determinations of
TNF-a, IL-2, and IL-6 plasma levels were performed
at baseline and then repeated 4 months after the ran-
dom assignment of patients to groups and subgroups.

Radionuclide Study

We used a multiple-gated equilibrium cardiac-blood-
pool scintigraphic technique (Siemens; Erlangen, Ger-
many) to measure LVEF. Imaging was performed in
the left anterior oblique projection, which provided
the best septal separation of the ventricles with a 0° to
10° caudal tilt. Calculations of LV performance were
made as described elsewhere, by means of the auto-
matic edge-detection algorithm for the determination
of LV borders.” All studies were interpreted by a single
observer blinded to the treatment assigned. We calcu-
lated the LVEF, the maximum emptying and filling
velocities, the time to reach these velocities, the one-
third maximum filling fraction, and the regional wall
EF rates. Radionuclide studies were performed at base-
line and then repeated 4 months after the randomiza-
tion of patients.

Statistical Analysis
Continuous data were shown as mean * SD. The
suitability of continuous variables with the normal
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distribution was examined in the Ist study using the
Kolmogorov-Smirnov test. The independent-sample #
test and the paired-sample test were used in the analy-
sis of the changes that were suitable with the normal
distribution. The Mann-Whitney U and Wilcoxon
tests were used to analyze changes that were not suit-
able with the normal distribution, and the y? or Fisher’s
exact test was used in analyzing categoric data. Data
were analyzed using Minitab (Minitab Inc.; State Col-
lege, Pa). Significance was assumed at a 2-tailed value
of P<0.05.

Results

None of the 60 patients required discontinuation of
the study medication. All patients during the study
period received digoxin, 0.25 mg daily; furosemide,
80 mg daily; and enalapril, 10 mg twice daily. Coro-
nary angiography showed normal coronary arteries in
nonischemic DCM and abnormal coronary arteries in
ischemic DCM patients. Of the ischemic DCM pa-
tients who received carvedilol, 1 patient died, and 1 pa-
tient developed permanent atrioventricular fibrillation
(AF) during the study. Of the ischemic DCM patients
who received standard treatment, on the other hand, 7
patients died and 3 developed permanent AF. A patient
in the nonischemic DCM-with-standard-treatment
group quit attending regular follow-up sessions, and
permanent AF developed in 3 patients. Upon exclusion
of the patients who either died or developed permanent
AF, the study was completed in 13 ischemic DCM
patients on carvedilol, 10 ischemic DCM patients on
standard treatment, 15 nonischemic DCM patients
on carvedilol, and 6 nonischemic DCM patients on
standard treatment.

The results of all the subgroups at baseline and at the
end of the study are presented in Table II. Carvedilol
was received at an average dose of 28.3 + 10.0 mg daily
by the ischemic DCM patients. In ischemic DCM pa-
tients on carvedilol treatment, systolic blood pressure,
diastolic blood pressure, and heart rate were found
to be suppressed at the end of the study (P=0.004,
P=0.010, and =0.001, respectively). Before carvedilol
use, 6 patients were in NYHA functional class II and
7 patients were in class II1; at the end of the study, 8
patients were in functional class I and 5 patients were
in class IT (P=0.226). The initial LVEF (0.22 £ 0.08)
improved to 0.27 £ 0.10, which, however, was not sig-
nificant (2=0.117). Similarly, there were no significant
changes in LV diastolic functions. Although no sig-
nificant changes occurred in IL-2 level, both IL-6 and
TNF-a levels fell significantly (9.7 £ 7.2 vs 5.1 £ 0.4
pg/mL, P=0.028; and 10.5 + 4.0 vs 6.0 £ 4.9 pg/mL,
P=0.034, respectively).

In ischemic DCM patients on standard treatment,
no significant changes occurred in systolic and diastol-
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ic blood pressures, heart rate, and functional capacity
at the end of the study. The plasma IL-2 level (688.0
+ 141.2 U/mL) was elevated to 771.4 + 172.4 U/mL
(P=0.047). Although no significant changes occurred
in the IL-6 level, the TNF-a level (9.8 + 8.4 pg/mL)
was elevated to 13.0 + 8.7 pg/mL (P=0.008). No sig-
nificant changes occurred in the LVEF, the time to
reach peak filling velocity, the time to reach peak emp-
tying rate, and the 1/3 filling fraction. The comparisons
of measurements obtained before and after carvedilol
treatment in ischemic DCM patients are presented in
Table I1.

In the nonischemic DCM group, there were no sig-
nificant differences between the standard-treatment
and carvedilol subgroups in regard to age, sex, hyper-
tension, diabetes mellitus, cigarette use, systolic and di-
astolic blood pressures, heart rate, pro-inflammatory
cytokine levels, and LV systolic and diastolic functions
as evaluated by means of radionuclide ventriculography
(Table I). The nonischemic DCM patients were given
carvedilol at an average dose of 28.4 + 12.9 mg. The
systolic blood pressure, diastolic pressure, and heart
rate were found to be suppressed in nonischemic DCM
patients on carvedilol treatment (”=0.003, P=0.012,
and P=0.001, respectively). At the beginning of the
study, of the 15 nonischemic DCM patients, 10 were
in NYHA functional class III and 5 were in class II;
at the end of the study, 1 was in class III, 5 were in
class II, and 9 were in class I. Although no changes oc-
curred in IL-2 level, levels of IL-6 and TNF-a dropped
significantly (from 12.6 £ 14.3 pg/mL to 5.9 £ 2.6
pg/mL, P=0.018; and from 12.3 £ 5.4 pg/mL to 5.7
£ 3.0 pg/mL, P=0.004, respectively). The LVEF rate
improved from 0.22 £ 0.08 t0 0.29 £ 0.13 (2=0.000),
but no changes occurred in numbers indicative of di-
astolic function. The comparisons of results obtained
before and after carvedilol treatment in nonischemic
DCM patients are presented in Table II.

In nonischemic DCM patients on standard treat-
ment, no significant changes occurred in hemody-
namic results, pro-inflammatory cytokine levels, and
radionuclide ventriculography measurements at the end
of the study (Table II). The changes in cytokine levels
before and after treatment with carvedilol in ischemic
and nonischemic DCM patients are shown in Figures
1-4.

During the course of the study, no patient in the non-
ischemic DCM groups died; however, 8 patients died
in the ischemic DCM groups (P=0.016). Atrioventric-
ular fibrillation developed in 4 ischemic DCM patients
and in 3 nonischemic DCM patients (”=0.625). Of
the 8 deaths that occurred among ischemic DCM
patients, 7 were in the standard-treatment group and
1 was in the carvedilol group. All deaths were due to
the progression of HE. In the group of ischemic DCM
patients on standard treatment, the incidence of death

Texas Heart Institute Journal

was higher than it was among ischemic DCM patients
on carvedilol treatment, but this difference was not sta-
tistically significant (2=0.101).

Discussion

Carvedilol improves the functional capacity of HF pa-
tients by increasing the LVEF and cardiac output and
by decreasing the heart rate and pulmonary capillary
wedge pressure.® Metra and coworkers® reported in a
clinical study of 40 patients who had NYHA class II to
IV HF that the addition of carvedilol to the standard
HF treatment (ACE inhibitors, diuretics, and digoxin)
improved the effort capacity of patients and decreased
the severity of HE.* In our study, before carvedilol use
by 13 ischemic DCM patients, 6 were in NYHA func-
tional class I and 7 were in class III. After 4 months
of carvedilol treatment, 8 patients were in class I and
5 were in class II (P=0.266). Of the 15 nonischemic
DCM patients on carvedilol, 5 were in class I and 10
were in class III before carvedilol use. After 4 months of
carvedilol treatment, functional capacity significantly
improved: 5 patients were in class I, 9 patients were in
classII, and 1 patient was in class I1I (2=0.025). In both
ischemic and nonischemic DCM patients on standard
treatment, no significant changes were observed in
functional capacity. The probable reason for the less
pronounced effects of carvedilol on ischemic DCM pa-
tients is that necrotic areas, which have no function as
B-adrenergic receptors, are relatively larger in ischemic
DCM patients than in nonischemic DCM patients.

Olsen and coworkers’ reported in a clinical study of
60 DCM patients (ischemic and nonischemic) who
were given carvedilol twice daily—at a starting dose
of 3.125 mg with gradual increases up to 25 to 50 mg
during 4 months of treatment—that the LVEF and
stroke volume index were significantly increased and
that pulmonary capillary wedge pressure was reduced,
with decreases in the severity of HF. Similarly, in our
study, the LVEF was found to be significantly increased
in nonischemic DCM patients (P=0.006). The LVEF
in ischemic DCM patients also improved, but not sig-
nificantly so (=0.117). In ischemic and nonischemic
DCM patients on standard HF treatment, no changes
occurred in the LVEF.

Plasma levels of TNF-a., IL-1, IL-2, IL-6, and IL-10
are elevated in chronic HF patients. Levine and col-
leagues” evaluated the plasma TNF-a levels in patients
with NYHA class Il and IV HE. In that study, plasma
TNF-a levels of 33 HF patients and 33 healthy age-
paired individuals were measured. The TNF-a level
of the HF patients (115 £ 25 U/mL) was significantly
higher (2 <0.001) than that of healthy individuals (9 =
3 U/mL). Moreover, the TNF-a level was much higher
in patients with the most severe HF. A search of the
Left Ventricular Dysfunction Studies database revealed
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Fig. 1 The changes in interleukin-6 (IL-6) levels before and after
treatment with carvedilol, in ischemic dilated cardiomyopathy
patients.
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Fig. 2 The changes in tumor necrosis factor-a (TNF-a) levels
before and after treatment with carvedilol, in ischemic dilated
cardiomyopathy patients.
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Fig. 3 The changes in interleukin-6 (IL-6) levels before and after
treatment with carvedilol, in nonischemic dilated cardiomyopathy
patients.
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Fig. 4 The changes in tumor necrosis factor-a (TNF-a) levels
before and after treatment with carvedilol, in nonischemic dilated
cardiomyopathy patients.

that TNF-a levels in HF patients with NYHA class I,
I1, and III HF were 1.95 £ 0.54 pg/mL, 2.60 + 0.48
pg/mL, and 6.4 £ 1.9 pg/mL, respectively, or 0.75
0.05 pg/mL higher than those of age-paired healthy
individuals." The IL-6 levels in patients with NYHA
class I, II, and III HF were 3.3 £ 0.5 pg/mL, 6.2 +0.48
pg/mL, and 5.2 £ 0.9 pg/mL, respectively, or 1.8 £ 0.5
pg/mL higher than those of age-paired healthy indi-
viduals. Cytokine levels were found to be lower in 14
patients with idiopathic DCM who were being treated
with a mechanical device implanted on the LV When
cytokine analyses were done 24 hours before implanta-
tion, 11 of the 14 patients (79%) had elevated levels of
IL-6, 10 (71%) had elevated levels of IL-8, and 2 (14%)
had elevated levels of TNF-a. Thirty days after the
mechanical-aid implantation, the LVEF was improved
and there were decreases in IL-6 and IL-8 levels; how-
ever, no significant changes occurred in TNF-o. levels.
Matsumura and associates” reported that the addition
of carvedilol to the standard treatment of 9 patients
with idiopathic DCM (in NYHA class II) caused a sig-
nificant drop in IL-6 level, while TNF-a level was not
affected. Othsuka and colleagues' showed that serum
levels of IL-10, TNF-a, and sSTNF-R2 significantly
decreased during B-blocker therapy.

Our study included enough larger numbers of isch-
emic and nonischemic DCM patients that the addition
of carvedilol to standard HF treatment significantly
lowered the plasma levels of IL-6 and TNF-a in both
of our ischemic and nonischemic groups.

In a study conducted by Sliwa and associates” on 28
patients, 14 patients received a 400-mg daily or twice-
daily dose of pentoxifylline, a xanthine derivative,
while the other 14 received a placebo. After a follow-up
period of 6 months, the TNF-a level was suppressed
and functional capacity and LVEF were improved in
the pentoxifylline group. In another study, Skudicky
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and coworkers'® used ACE inhibitors, digoxin, and
carvedilol for at least 3 months in treating 39 patients
with idiopathic DCM and LVEF lower than 0.40.
One group (n=20) was given pentoxifylline and the
other group (n=19) was given a placebo. At the end
of 6 months, the LV end-systolic diameter was de-
creased in the pentoxifylline group and the LVEF was
increased, while the LV end-diastolic diameter was not
changed. The TNF-a level was not significantly (2
>0.05) changed, either; the initial TNF-a level, 2.5 +
1.8 pg/mL, dropped slightly to0 2.3 £ 1.8 pg/mL. We
could find no study that demonstrated definitively the
effects of carvedilol on the suppression of cytokines in
patients with ischemic or nonischemic DCM; however,
we can make inferences from related studies. In Sliwa’s
study,” pentoxifylline improved LV functions and sup-
pressed cytokine levels in DCM patients; however, in
Skudicky’s study,' with a similar experimental design,
pentoxifylline did not affect cytokine levels. In this lat-
ter study, patients had been receiving carvedilol longer
than 3 months before pentoxifylline use. Therefore,
carvedilol might already have suppressed the cytokine
levels, before pentoxifylline administration. We de-
signed our study to determine whether the useful ef-
fects of carvedilol are also related to the suppression of
cytokines in patients with ischemic DCM, versus non-
ischemic DCM. Subsequently, we found that TNF-
a and IL-6 levels declined significantly (2=0.001) in
both groups after 4 months of carvedilol treatment.
Moreover, in patients with ischemic DCM who were
on standard treatment, plasma TNF-o and IL-2 levels
were significantly elevated (2=0.008 and P=0.047, re-
spectively).

Bristow and colleagues” administered 6.25 to 25 mg
of carvedilol to their DCM patients, who were followed
up for 6 months. Of 49 patients with ischemic DCM
on standard treatment, 9 died, whereas 7 patients died
among 133 with ischemic DCM in the carvedilol group

(P=0.003). Of 38 patients with nonischemic DCM
on standard treatment, 4 died, while 5 of 128 patients
with nonischemic DCM on carvedilol died (P=0.11).
In our study, all of the deaths (8 patients) occurred in
the ischemic DCM groups (P=0.016). No patient died
in the nonischemic DCM groups. Of the 8 deaths,
only 1 patient (7%) was in the carvedilol group and 7
patients (35%) were in the standard-treatment group.
Thus, the mortality rate was lower in the carvedilol
group, but not significantly so (2=0.101). The reason
for our not observing a significant difference in the
mortality rate might be the low number of patients in
our study or the short period of study.

Krum and associates' showed that the severity of
ventricular tachycardia and ventricular fibrillation
were remarkably reduced in HF patients who received
carvedilol. Regardless of whether they had AF or sinus
thythm, DCM patients on carvedilol showed improve-
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ments in LV functions and in functional capacity.”
However, we have found no report that carvedilol pre-
vents the development of AF in DCM patients who
are in sinus thythm. In our study, AF developed in 4
ischemic and 3 nonischemic DCM patients (P=0.625).
In ischemic DCM patients on carvedilol, AF developed
in just 1 patient (7%); in ischemic DCM patients on
standard treatment, AF developed in 3 patients (15%).
However, the incidence of AF was not statistically dif-
ferent between the 2 groups (2=0.619). A major limita-
tion of this study was the small number of patients.

Conclusion

Carvedilol suppresses the plasma levels of TNF-a and
IL-6 in both ischemic and nonischemic DCM patients.
It also improves the functional capacity and the LVEF
significantly in nonischemic DCM patients and insig-
nificantly in ischemic DCM patients. Overall, carvedilol
seems to be more useful in nonischemic DCM patients
than in ischemic DCM patients. In our study, carvedilol
appeared to reduce the mortality rate in ischemic DCM
patients, but by an insignificant amount. Our results
need to be confirmed in a larger series of patients.
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