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Abstract

Background: Large clinical trials using the betablockers carvedilol, metoprolol, bisoprolol and nebivolol have
demonstrated improvement of survival and symptoms in patients with heart failure. Despite the lack of scientific
evidence, it is plausible that their beneficial effects are extensible to other betablockers.

Objective: To evaluate the impact of the replacement of carvedilol for propranolol on left ventricular function, functional
capacity, quality of life, pressure levels, and cardiac autonomic control in patients with heart failure.

Methods: Twenty nine patients receiving optimized drug therapy including maximum tolerated doses of carvedilol
were divided into two groups: replacement of carvedilol for propranolol (n = 15) and continued carvedilol (n = 14). At
baseline and 6 months later, clinical and laboratorial assessments were carried out with radionuclide ventriculography,
echocardiography, Minnesota questionnaire, walk test, APBM and Holter monitoring.

Results: The clinical and demographic characteristics were similar in the two groups at baseline. Individualized propranolol
dose adjustment ensured a similar degree of beta-blockade, as assessed by resting heart rate and chronotropic reserve.
The mean propranolol dose used was 109 + 43 mg/day. Only one patient presented with intolerance to propranolol,
thus carvedilol was reintroduced. One death was recorded in group propranolol. Ejection fraction significantly increased
in the propranolol group. No significant change was observed in the other cardiovascular variables after betablocker
replacement.

Conclusion: Our results indicate that replacement of carvedilol for propranolol in patients with heart failure is not
associated with deterioration of the ejection fraction, functional capacity, quality of life, and other cardiovascular
variables related to autonomic and blood pressure control. (Arq Bras Cardiol. 2010; [online]. ahead print, PP.0-0)
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of the Brazilian population. Because of this socioeconomic
restriction, treatment is frequently discontinued or not even
introduced. Corroborating these aspects, the Epica-Niterdi
study showed that drug discontinuation was the first cause
of decompensated HF in patients seen in public health
services, thus pointing to the socioeconomic factor as one

Introduction

The first evidences that the adrenergic blockade has
beneficial effects on the treatment of chronic heart failure
(HF) emerged in the 1970’s in studies with practolol and
alprenolol'2.

Only as of the 1990’s, did large randomized prospective
placebo-controlled clinical trials using mortality as the primary
endpoint prove a significant clinical benefit with four different
types of betablockers (BB) in patients with HF: carvedilol**,
metoprolol®, bisoprolol® and, more recently, nebivolol”. These
evidences made the use of BB highly recommended for the
treatment of this clinical syndrome.

However, the cost of the treatment using the recommended
BB based on these evidences is very high for a great part
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more aggravating factor in the management of this disease in
Brazil®. Betablocker discontinuation leads to the risk of acute
cardiac decompensation in addition to a worse long-term
prognosis with loss of the beneficial effects produced in cardiac
remodeling’. Consequently, despite the lack of solid scientific
evidence, in our midst we observe the use of propranolol
instead of other betablockers in patients with HF who failed
to comply with other treatments due to socioeconomic
restrictions, since propranolol is the only BB available in the
public health network in several cities in Brazil.

In this context, we should point out that propranolol has
already been evaluated in clinical studies on HF in which
increased ejection fraction'®, improved ventricular remodeling'”
and improved hemodynamic parameters'? were demonstrated.
The BHAT (Beta-Blocker Heart Attack Trial) study evaluated
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the use of gradually increasing doses of propranolol in
patients with symptomatic ventricular dysfunction after acute
myocardial infarction. A reduction in overall mortality by 35%
was observed after 32 months of follow-up'.

The objective of the present study was to evaluate the
effect of the use of propranolol in place of carvedilol on
clinical and functional cardiac parameters of clinically stable
patients with HE.

Methods

Patients

A total of 29 patients with heart failure (HF), defined
according to Framingham'’s criteria'¥, were prospectively
studied in a clinical follow-up at the Heart Failure Clinic of
Hospital das Clinicas da Faculdade de Medicina de Ribeirao
Preto - USP

The inclusion criteria were: use of optimized clinical
treatment with carvedilol at the maximum tolerated
dose for more than six months, and systolic ventricular
dysfunction with EF lower than 40% on resting radionuclide
ventriculography before and after the beginning of treatment
with carvedilol. Patients in functional class IV, with HF
decompensation within 30 days prior to admission in the
study, ischemic etiology, advanced chronic obstructive
pulmonary disease, pacemakers, and grade Il and Il
atrioventricular block were excluded from the study.

The study was approved by the Research Ethics Committee
of Hospital das Clinicas da Faculdade de Medicina de Ribeirao
Preto - USP A written informed consent was obtained from
all participants.

Methods

The patients were prospectively included and underwent
clinical and laboratory assessment at baseline, with the
methods described below.

Clinical history and physical examination

Detailed clinical history was taken from and physical
examination was performed in all participants, including
assessment of New York Heart Association functional class
(FC) and duration of HF.

Left ventricular remodeling

The patients underwent resting radionuclide
ventriculography with the steady-state technique by using
stannous agent and technetium-99m (25 mCi) to label the
blood pool. Electrocardiogram-gated images were acquired in
leftanterior oblique view, for better septal separation. A digital
DST SMV gamma camera (Sopha Medical Vision - Twinsburg,
Ohio-USA) and frame method, 32 frames/cardiac cycle, 400
Kcounts per frame, were used. Left ventricular ejection fraction
(LVEF) was calculated from the automatic construction of the
time-activity curve.

Two-dimensional transthoracic Doppler echocardiography
with color-flow mapping was performed with digital

equipment coupled to 3 to 4 MHz transducers with second-
harmonic capability (Sonos 5500 - Hewlett Packard, Andover,
Mass, USA, and Acuson Cypress - Siemens, Malvern, Pa, USA),
by experienced observers blind to the investigation group
which the patient had been assigned to. Measurement of the
left ventricular end-diastolic diameter (VLEDD) was considered
for the analysis of remodeling.

Quality of life

Quality of life was assessed by means of a specific
questionnaire (Minnesota Living with Heart Failure
Questionnaire), comprising 21 questions regarding physical
and psychological limitations found in HF. The total sum of the
questionnaire can range from 0 to 105; the lower the value
the better the quality of life.

Functional capacity and chronotropic reserve

The distance walked during the 6-minute walk test was
used to evaluate the functional capacity. The tests were
conducted by physical therapists blind to the study group
which the patient had been assigned to, according to the
guidelines of the American Thoracic Society'. Heart rate (HR)
was monitored by using a Polar™ heart rate meter model S 810
(Polar Electro Co. Ltd, Kempele, Finland) 15 minutes before,
during, and 15 minutes after the walk test. The chronotropic
reserve was calculated by the difference between peak HR
during exercise and the pre-test resting HR.

24-hour blood pressure

The patients underwent 24-hour ambulatory blood
pressure monitoring (ABPM) through the oscilometric method
with monitors Spacelabs 90207 (Spacelabs, Redmond,
Washington, USA) and Dyna-MAPA (Cardio Sistemas, Sao
Paulo, Brazil). Analysis of the data collected included the
means of systolic (SBP) and diastolic blood pressure (DBP)
measurements.

Cardiac autonomic control

All participants underwent a 24-hour ambulatory
electrocardiographic monitoring (Holter monitoring). A
recording system of two simultaneous leads (CM5 and CM1)
was used. The recording was analyzed in a microcomputer
with a Spacelabs analysis module (Issaquah, Washington,
USA). Mean 24-hour heart rate and SDNN (standard deviation
of normal RR intervals) were extracted and computed from
data processing. Patients with chronic or persistent atrial
fibrillation were excluded from the analysis of HR variability.

Clinical follow-up

After baseline assessment with the laboratory tests
described, the patients were randomly assigned to one of two
groups: group of replacement of carvedilol for propranolol
(group propranolol, n = 15), and group with continued
carvedilol (group carvedilol, n = 14).

Patients randomized for the propranolol group received an

initial propranolol dose of 80mg/day bid. Other medications
used for the treatment of HF were maintained in both groups.
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Propranolol doses were titrated according to the HR observed General, clinical and laboratorial characteristics of the
on clinical examination performed during outpatient follow-up ~ patients included in the two study groups
visits, with the goal of reaching a HR similar to that observed

prior to the introduction of propranolol. Next, the degree of Propranolol Carvedilol P
beta-blockade was assessed with base on the maximum HR in (n=15) (n=14)

the 6-minute walk test, with the aim of keeping the HR equal Age (years) 54£8.0 518492 0.51
to that observed prior to randomization or with a maximum Female gender 3 (20%) 8 (57%) 0.13

variation of 5 beats. Six months after the end of propranolol Duration of HF (years) 57 54 079

titration, the patients of both groups underwent a final

assessment by means of the same methods used at baseline. tjnfgn‘i;g)awed”"' 16.5£11.5 19+13.0 0.59
Statistical analysis LVEF (%) 344+103 38.5+104 0.30
. — Cardiac rhyth
For variables normally distributed, the Student’s t test arciac tyfm
was applied for comparison of the means of the two Sinus rhythm 14 (93.3%) 13 (92.8%) 1
groups investigated; the paired Student’s t test was used Atrial fibrillation 1(6.7%) 1(7.2%) 1
for comparison of the means in the same group at baseline FC (NYHA)
and final assessment. Variables non-normally distributed ; :
were analyzed using the non-parametric Mann-Whitney ! 8(53.3%) 8 (57.1%) !
test in the non-paired analysis, and the Wilcoxon test in the Il 5 (33.3%) 5 (35.7%) 1
paired analysis. Fisher’s exact test was used for the analysis I 2 (13.3%) 1(7.1%) 1
of the association between categorical variables. The level of Couse
significance was set at 5% for all statistical tests used.
Idiopathic 9 (60%) 10 (71.4%) 0.69
Results Hypertension 3(20%) 2 (14.2%) 1
. . . . Ch di 1(6.6% 1(7.1% 1
The general and clinical baseline laboratorial characteristics agas dsease (&%) (7-1%)
of the individuals from the two groups formed are shown Alcohol 2 (13.3%) 0(0%) 048
in Table 1. The statistical analysis of the clinical laboratorial Myocarditis 0(0%) 1(7.1%) 048
variables obtained at baseline did not show significant Chemotherapics 0(0%) 1(7.4%) 0.48
differences between the groups, except for the presence —
of hyperuricemia, which was significantly greater in the Comorbiiies
propranolol group. There was a predominance of women SH 5(33.3%) 6 (42.8%) 0.74
in the carvedilol group, although this difference was not DM 3 (20%) 6 (42.8%) 0.4
statistically significant. Medication doses used for the specific Dyslipidernia 2 (20%) 4285 038
treatment of HF were not significantly different between the Y ’ g .
two study groups (Table 2). CRF 1(6.6%) 0(0%) !
Obesity 3(20%) 3(21.4%) 1
Clinical course Hyperuricemia 7 (46.6%) 1(7.1%) 0.03
The propranolol dose required to keep the degree of LVEF - left ventricular ejection fraction, FC (NYHA) - New York Heart Association
B_adrenergic blockade in the propran0|o| group ranged from fl{nctional cla§s, SH - systemic hypertension, CRF - chronic renal failure, DM -
80 to 240 mg/day, with a mean of 109 + 43 mg/day. dlabetes mellius
Doses of medications used for the treatment of heart failure
Group Propranolol Group Carvedilol
Medication (mg/day)
Baseline Final p Baseline Final P
Carvedilol 5298 0 563+ 14.4 54.4+15.19 0.99
Captopril 125+ 39 119 + 52 0.99 12184 120.3+ 44.2 0.99
Enalapril 23.3+14.0 23.3+140 30 £14.1 32.5+15 0.39
Digoxin 0.10 0.09 0.11£0.09 0.21 0.12+0.12 0.13+0.11 0.75
Furosemide 453 £41.7 426 £384 0.56 30.0+23.20 30.0 £23.20 0.99

Aldactone 14.1+£123 11.6+£12.9 0.62 16.0 £12.43 178 £11.72 0.75
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Three patients required transient increase of the diuretic
dose after BB replacement; in only one of them propranolol
had to be discontinued due to clinical decompensation with
worsening of the functional class irresponsive to increase in
the diuretic dose accompanied by decompensation of diabetes
mellitus. Hospitalization was not necessary. Propranolol was
discontinued on the third week after its introduction, and
carvedilol was restarted with improvement of the symptoms.

One patient in the propranolol group presented with
decompensation and died during the final study phase. Several
clinical and laboratorial evidences showed that this patient had
advanced HF and a poor prognosis. At the baseline assessment,
he had the lowest EF value among all participants (15%), and
the shortest distance walked in the 6-minute walk test among
all men in the sample. He was the only patient with chronic
renal failure in this case series. Additionally, he had other
criteria of severity such as a significantly enlarged left ventricle
(LVDD = 81 mm), persistently reduced functional capacity
(FC ), and severely reduced RR variability (SDNN = 52 ms).

In the carvedilol group, two patients required transient
increase in the diuretic dose due to signs of decompensation
during the follow-up period. No deaths or hospitalizations
occurred in this group.

Heart rate and degree of beta-adrenergic blockade

Resting HR and maximum HR values during the walk test, as
well as HR variation between exercise and rest (chronotropic
reserve) were not significantly different (Table 3). The resting
HR observed in the two groups during baseline assessment
showed similar values: 63.64 = 8.63 bpm (propranolol group)
and 65.83 = 7.2 bpm (carvedilol group), p= 0.49. Patients
assigned to the propranolol group showed a resting HR of
61.08 = 8.35 at the end of the study, with a mean reduction
of 2.56 bpm, which was not statistically significant.

HR variation between peak exercise and rest (chronotropic
reserve) throughout the study showed values practically
identical in the propranolol group (baseline assessment =
49.57 + 14.78; and final assessment = 49.41 + 11.79;
p= 0.71) and in the carvedilol group (baseline assessment
= 48+15.47; and final assessment = 48.16 + 15.60; p=
0.97). These results show that the degree of beta-blockade
was similar between the groups throughout the study.

Left ventricular systolic performance

Baseline LVEF was not significantly different between the
groups studied (p = 0.30). In the propranolol group, LVEF
showed significant increase throughout the follow-up period,

Results of heart rate assessment

with mean baseline values of 34.4 + 10.0 and final values
of 39.5 £ 11.7 (p = 0.048). The statistical analysis of LVEF
in the carvedilol group did not show a significant difference
between the baseline and final assessments.

LVDD values obtained by echocardiographic study at
baseline and final assessments from individuals of the two
groups proved statistically similar with p > 0.05, both in the
analysis between the two groups and in the intra-group analysis
between the baseline and final assessments.

Functional capacity and quality of life

Both the scores obtained in the quality of life assessment
questionnaire and the distance walked in the walk test did
not show significant changes throughout the study in the two
groups (Table 4).

Autonomic and blood pressure controls

The results of blood pressure assessments did not show
significant differences between the groups at baseline as
regards the mean 24-hour systolic blood pressure. On the
other hand, the mean 24-hour diastolic blood pressure was
significantly lower in the carvedilol group (p = 0.018, Table
4). These results remained similar at the final assessment:
the mean systolic blood pressure did not show a significant
difference between the two groups and no significant variation
was observed in the intra-group analysis (baseline and final).
Diastolic blood pressure maintained a significant difference
at the final assessment between the two groups (p = 0.015),
however with no significant change in the analysis between
baseline and final assessments in each group (p = 0.61).

HR variability in the time domain was assessed using the
mean 24-hour HR and SDNN. These variables did not show
significant changes in the two groups studied.

Discussion

The results of the present study show that the replacement
of carvedilol for propranolol in patients with stable chronic HF
provides a favorable clinical outcome in most of the patients
without causing deterioration of the left ventricular systolic
function, change in quality of life, or functional capacity.

One of the key points in the design of this study was to keep
the same degree of adrenergic blockade after replacement
of carvedilol for propranolol. This methodological detail
took into consideration the concept that the degree of HR
reduction obtained with the betablocker therapy is quite
relevant for a clinical response to HF treatment to be obtained.

Propranolol Carvedilol
Baseline Final P BaselineHR Final HR p
Resting HR (bpm) 63.6+8.6 61.0+8.3 0.09 65.8+7.2 65.9146.0 0.97
Exercise HR (bpm) 113.2£13.4 110.5¢12.3 0.27 113.8+£17.9 114.0£17.0 0.96
HR variation (bpm) 49.5+14.7 49.4+11.7 0.71 48+15.4 48.1+15.6 0.97

HR - heart rate in beats per minute (bpm). p > 0.05 for all comparisons between the carvedilol and propranolol groups.
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Laboratory test results at baseline and final assessments in both groups studied

Propranolol Carvedilol
Baseline Final P Baseline Final P
LVEF% 34.4 £10.0 39.5£11.7 0.048 38.5£10.4 36.7+11.4 0.36
LVDD mm 68.248.9 66.0£10.0 0.1 67.4£10.4 67.5+12.2 0.91
Distance m 570.4+65.4 554.8+85.5 0.25 524.4+72.7 517.2+71.3 0.46
Minnesota score 18.7+£10.9 24.0+16.3 0.17 20.5+16.4 2424232 0.30
24-h MSBP (mmHg) 119.3+10.9 12244135 0.81 113.6x17.4 113.0+16.9 0.86
24-h MDBP (mmHg) 73.649.4 74.3+12.2 0.61 65.746.7 65.249.0 0.84
Mean 24-h HR (bpm) 71.947.7 73.0+11.2 0.87 73.2£10.6 71.747.8 0.35
SDNN (ms) 109.9+35.7 99.9+24.5 0.1 94.7+24.5 96.3+26.3 0.60

LVEF% - left ventricular ejection fraction, LVDD - left ventricular diastolic diameter, MSBP - mean systolic blood pressure, MDBP - mean diastolic blood pressure, HR - heart

rate, SDNN - standard deviation of the RR intervals.

A retrospective analysis of large clinical trials found a strong
correlation between HR reduction, LVEF improvement and
mortality reduction'®.

In this sense, the betablocker dose used influences the
clinical outcome as well. The MDC and CIBIS | studies
showed that metoprolol and bisoprolol doses lower than
those currently recommended do not have an impact on
morbidity and mortality'”'®. Therefore, we can state that both
the BB dose and the magnitude of HR reduction have great
importance in the deriving of a clinical benefit.

The HR observed during outpatient visits was the initial
parameter for the propranolol dose adjustment. For a fine dose
adjustment and confirmation that the degree of beta-blockade
was maintained, the maximum HR and chronotropic reserve
during the walk test were evaluated. Thus, we showed that
resting HR, peak exercise HR, and HR variation during exercise
did not show significant differences.

Since the peak exercise HR is the most relevant clinical
indicator of the extent of adrenergic blockade, the finding of
very similar values of HR variation between rest and exercise in
the two study groups seems to demonstrate equivalent potency
of BB doses and a similar degree of adrenergic blockade.

There was a wide variation in the doses required to achieve
the degree of adrenergic blockade in group propranolol - with
values ranging between 80 and 240 mg/day - which is consistent
with data from the literature showing wide interindividual
variability in propranolol plasma concentrations?.

The present results show that, in clinically stable patients
using the maximum tolerated carvedilol dose, transition to
propranolol at an initial dose of 80 mg/day is associated
with a high success rate. Three patients required transient
increase of the diuretic dose after BB replacement; only
one of them required discontinuation and reintroduction of
carvedilol. In the carvedilol group, two patients also required
transient increase in the loop-diuretic dose due to worsening
of congestive symptoms. On the other hand, the only death
recorded in the cohort occurred in a patient using propranolol.
However, at baseline, this patient presented with several
clinical and laboratorial evidences of a very severe heart
disease and poor prognosis, and was randomly assigned to

the propranolol group.

Overall, our results are consistent with those of other studies
in the literature using propranolol for the treatment of chronic
HF. A previous study of 56 patients with HF due to dilated
cardiomyopathy started betablocker therapy with propranolol
at gradually increasing doses and found an intolerance rate
of 21%*'. In a similar study of 20 patients with HF, Maia et
al" did not observe the need for propranolol discontinuation
in any patient; however, 63% of the participants showed
transient side effects during the use of propranolol, including
worsening of exercise capacity and/or signs of congestion,
all controlled with a diuretic dose adjustment. In our study,
we obtained a low intolerance rate (6.6%). This result is
probably associated with the design of the present study,
which investigated patients already in chronic and stable use of
carvedilol for at least six months. On the other hand, the case
series predominantly comprised individuals with not severe
HF, which justifies the good tolerance observed.

Left ventricular ejection fraction (LVEF) as assessed
by radionuclide ventriculography showed a significant
difference between the two groups at the end of the study.
A 4.4% increase in LVEF was observed in the group in which
propranolol was introduced in the period between the two
assessments (p = 0.048). No significant differences in LVEF
occurred in the carvedilol group. It is plausible to presume
that this intriguing result showing LVEF increase exclusively
in the propranolol group may have occurred because of the
randomization linked to the reduced number of subjects in the
sample. Anyway, this finding clearly underscores that the use
of propranolol was not associated with any deleterious effect
on the left ventricular systolic function, an information which
is consistent with the favorable clinical outcomes obtained.

We should also point out that, in consistency with
the results obtained in the sequential LV systolic function
assessment, the quality of life was also not significantly
changed after replacement of carvedilol for propranolol, thus
corroborating data of good clinical tolerance to propranolol
in these patients.

Likewise, the functional capacity as assessed by the distance
walked in the 6-minute walk test did not significantly change
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throughout the follow-up period. The mean distance walked
in both groups was longer than 500 m, which is consistent
with other features of the sample studied, characterizing it as
a sample of patients with mild HF and low risk.

One of the relevant aspects when the differences in the
pharmacological actions between carvedilol and propranolol
are addressed is related to the alpha-1 receptor blockade
effect produced only by carvedilol. The peripheral arteriolar
vasodilating action and consequent reduction in left ventricular
afterload mediated by alpha-1 blockade seems to be important
to induce better tolerance to carvedilol in the introduction and
titration phase in patients with advanced HE. However, there
are evidences that the alpha-1 blockade has no relevant effect
or contributes to the benefits of the long-term therapy?2. Our
findings showed a null effect on systolic and diastolic blood
pressure levels after replacement of carvedilol for propranolol,
thus reinforcing previous evidence that alpha-1 blockade has
little effect on blood pressure control in the long-term therapy
with carvedilol.

The cardiac autonomic control was assessed by means of
the SDNN, a global index of HR variability, which represents
the standard deviation of all RR intervals. Reduction in
SDNN values reflects the increase in the adrenergic tone and
implicates more severe HE. SDNN values lower than 70 ms
are independent predictors of mortality?*2*.

Mean SDNN values found in both groups of this study
were higher than 70ms. This favorable profile of HR variability
may have resulted from the previous use of BB, since it
has been demonstrated that the chronic use of carvedilol
favorably acts on the autonomic tone of patients with HF>2°.
After replacement of carvedilol, no significant changes were
observed in SDNN values, and this suggests that propranolol
maintained an effect similar to that of carvedilol on the
adrenergic tone modulation.

Study limitations

We should point out that the number of patients was
relatively small, and this may have affected the identification
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