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Abstract

Due to various differences between the beta-blockers approved for the treatment of chronic heart failure with reduced ejection fraction
(HFrEF), particularly carvedilol and metoprolol, the efficacy and safety of each agent relative to the other remains unresolved. In this review,
we discuss the differences between carvedilol and metoprolol with respect to clinical endpoints and the differential effects of these agents in
chronic HFrEF. We conducted a systematic review of phase 2, phase 3 and observational studies which compared metoprolol and carvedilol in
patients with chronic HFrEF. Carvedilol exhibits more favorable effects on cardiac structure and function, hemodynamic, exercise capacity and
metabolism compared to metoprolol. In the controversial COMET study, carvedilol reduced mortality to a greater extent than metoprolol. We
suggest carvedilol as the preferred beta-blocker for the treatment of HFrEF in the majority of patients.

Introduction

Heart failure (HF) is one of the most deadly and costly
diseases worldwide. In the United States alone, HF contributes
to 1 in every 9 deaths and consumes over $24 billion in
healthcare resources. Current estimates project nearly a
doubling in the prevalence of HF and almost a tripling in costs
between the years 2012 and 2030 [1,2]. While the development
of novel therapeutics remains an important focus of research,
the refinement of currently available therapies presents an
immediate opportunity to achieve improvements in patient care.

After the discovery of adrenergic receptors by Raymond
Ahlquist in 1948, the role of beta-adrenergic receptors in
HF was defined over the following 40 years [3]. Seminal
discoveries include the predominance of the beta-1 subtype of
adrenergic receptors in the heart, cardio toxicity of circulating
catecholamine and, most important, down regulation of beta
receptors in the failing heart [4]. Landmark trials soon would
confirm the clinical benefits of beta-receptor blockade in HF.

The beta-blockers carvediloland metoprolol have received

Class IA recommendations for reducing morbidity and
mortality in patients with chronic HF and a reduced ejection

fraction(HFrEF) in both American and European guidelines

[5,6]. While each of these agents has demonstrated reductions
in all-cause mortality, whether one agent provides superior
additional benefit remains debated. We sought to systematically
review the comparative literature of metoprolol and carvedilol to
determine the relative effects of each agent on cardiac structure
and function, hemodynamic, exercise capacity and metabolism
in HFrEE

Methods

We conducted a literature search of the National Library
of Medicine via PubMed with the following Medical Subject
Headings (MeSH): (“adrenergic beta-antagonists”[MeSH] OR
“carvedilol” OR “metoprolol”) AND “heart failure”[MeSH]. We
included English-language studies that randomized HFrEF
patients to receive either metoprolol tartrate/succinate or
carvedilol. In addition, two observational studies and two meta-
analyses comparing metoprolol succinate and carvedilol were
included due to their recent publication dates. Last, we reviewed
the references of selected articles. The most recent search was
conducted in March 2017. Data were extracted independently
by the authors, with a focus on endpoints related to cardiac
structure and function, hemodynamic, exercise capacity and
metabolism.
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Results
Beta-receptor Signaling in the Normal Heart

Increased cardiac adrenergic activity in response to
decreased cardiac output leads to not only direct cardio
toxicity but also beta-receptor down regulation [4,7,8]. Thus,
beta-receptor antagonism re-sensitizes the myocardium to
adrenergic signaling to improve myocardial reserve as well as
protects against catecholamine overload.

Beta-1 receptors are the predominant adrenergic receptor
in the heart, although beta-2 receptors represent 20-30% of
the overall myocardial beta receptors [9]. Beta-2 receptors are

also expressed in the lung, kidney and blood vessels. Beta-3
receptors, found primarily in the periphery where they mediate
NO production, are also expressed in the heart [10]. The role
of beta-3 receptors in HF and the effects of carvedilol and
metoprololon these receptors remain under investigation [11].

Beta-adrenergic receptors are G-protein-coupled receptors
which couple to and induce phosphorylation of an intracellular
G-protein complex to initiate intracellular signaling (Figure 1).
In the heart, norepinephrine and epinephrine are the primary
beta-adrenergic receptor ligands, but intracellular signaling
differs based upon the receptor (beta-1 vs. beta-2) and not the
ligand.
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Figure 1: Beta-adrenergic signaling in the heart.
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Ligand binding to the cardiac beta-1 adrenergic receptor
leads to G-stimulatory (Gs) protein binding and phosphorylation
of adenylyl cyclase, an enzyme which converts adenosine
triphosphate to the second messenger cyclic adenosine
monophosphate (cAMP). The extracellular message is then
transferred from cAMP to protein kinase A (PKA), which
phosphorylates troponin I, phospholamban (a regulator of the
sarcoplasmic/endoplasmic reticulum Ca2*-ATPase [SERCA2a])
and the L-type calcium channel.Cardiac beta-adrenergic receptor
Ligand binding also directly activates the L-type calcium channel
to increase intracellular calcium levels. Phosphorylation of
troponin I, phospholamban and the L-type calcium channel
each increase cytoplasmic calcium concentrations and increase
contractility.

Beta-2 receptor activation signals through both Gs protein
and G-inhibitory (Gi) proteins. Gi protein activation blocks the
activity of adenylyl cyclase but also activates phospholipase A2,
which mediates calcium signaling and contractility independent
of cAMP.The beta-2 receptor pathway serves as an alternative to
a deficient beta-1 receptor pathway and its relative importance
may be increased in chronic HE.

A negative feedback loop, characteristic of all G-protein-
coupled receptors, is utilized to prevent excess beta-adrenergic
activity. Desensitization is accomplished through inactivation of
G-proteins or blocking G-protein coupling to the beta-adrenergic
receptor, both of which interfere with intracellular signaling, and
increased beta-receptor degradation, which decreases receptor
density.

Beta-receptor Signaling in the Failing Heart

Abnormalities in beta-receptor signaling in the failing heart
exist at several levels [4]. Increased beta-2/beta-1 receptor
density, increased inhibitory G-protein activity and increased
blockade of beta-adrenergic receptor-G-protein coupling
each contribute to impaired myocardial function. In addition,
circulating catecholamine levels are significantly increased
andare capable of direct myocardial toxicity.

Pharmacology of Carvedilol and Metoprolol

Both carvedilol and metoprolol block the effects of
catecholamines at the beta-adrenergic receptor in addition to
exerting some activity as inverse agonists [12]. Metoprolol more
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selectivelyinhibits the beta-1 receptor (particularly at lower
doses), whereas carvedilol acts non-selectively on both the
beta-1 and beta-2 receptors [13]. Notably, however, the beta-1
receptor selectivity of metoprolol is lost as doses approach 200
mg [14]. In addition to these beta-receptor effects, carvedilol also
block the alpha-1 adrenergic receptor, providing vasodilation in
addition to beta-blockade.

Contemporary descriptions of HF include a paradigm of beta-
receptor desensitization—presumably due to norepinephrine
overstimulation [7,8] and both metoprolol and carvedilol show
evidence of restoring beta-receptor responsiveness over time
[15-19]. Moreover, carvedilol may also improve responsiveness
of peripheral alpha-1 receptors in HF patients [20]. Carvedilol’s
anti-adrenergic effects may be attributed in part to blockade of
pre-junctional beta-2 receptors, which decreases norepinephrine
levels [4].

Through more comprehensive beta-recepter blockade,
carvedilol may produce greater reductions in sympathetic
activity than metoprolol [9]. On the other hand, metoprolol may
improve beta-1 receptor up regulation to a greater extent than
carvedilol. Moreover, the effects of either beta-blocker on beta-3
receptors remain incompletely understood, although metoprolol
appears to increase beta-3 receptor expression and carvedilol
to decrease beta-3 receptor expression [10]. A recent clinical
trial of a beta-3 receptor agonist, mirabegron, did not meet its
primary endpoint [21].

By antagonizing the effects of catecholamines on myocardial
adrenergic receptors, carvedilol and metoprolol reduce heart
rate and inotropy. In addition, beta blockers may reduce kidney
juxtaglomerular production of renin and therefore reduce
systemic vasoconstriction [22].

Comparative Pharmacodynamics Effects of Carvedilol
and Metoprolol

Cardiac function and structure

Carvedilol has shown more beneficial effects on resting
cardiac function and structure than metoprolol in human
clinical trials. Although left ventricular EF (LVEF) is improved
by both agents, [23] multiple investigations have reported that
carvedilol achieves a greater LVEF improvement than metoprolol
tartrate [24-26]. Moreover, carvedilol appears to induce LV
reverse remodeling to a greater extent than metoprolol tartrate
as measured by LV end-diastolic and end-systolic diameters and
volumes [24,27,28].

Hemodynamic Effects

Carvedilol and metoprolol tartrate appear to exhibit
similar effects on heart rate (HR) reduction as both agents may
be titrated to achieve a target HR [23,25]. Notably 24-hour
HR monitoring did not find any differences in HR variability
between metoprolol tartrate 50 mg twice daily and carvedilol
25 mg twice daily. In 30 patients with dilated cardiomyopathy,

24-hour Holter monitoring revealed a mean HR of 68 + 3 beats
per minute in carvedilol-treated patients and 69 * 2 beats per
minute in metoprolol tartrate-treated patients at a dose ratio of
1:2 [24]. In a similar manner, a study of 51 patients with HFrEF
found no significant differences in mean 24-hour HR (70 * 2 vs.
70 * 2 beats per minute for carvedilol and metoprolol tartrate,
respectively) [27]. While blood pressure reductions due to beta-
blockade are usually mildin HF patients, carvedilol did produce
a marginally greater blood pressure reduction than metoprolol
in COMET (3.8 mmHg vs 2.0 mmHg, P<0.01), presumably due to
alpha-1 blockade [25,27].

Metra et al. [25] conducted a randomized, double-blinded,
placebo-controlled study of metoprolol tartrate versus carvedilol
in 122 HFrEF patients to investigate the effects of each agent
on invasively measured hemodynamic. Patients randomized
to metoprolol tartrate achieved an average dose of 115 mg/
day and patients randomized to carvedilol achieved an average
dose of 44 mg/day. Upon completion of 12 months follow-up,
both metoprolol tartrate and carvedilol reduced left-sided
filling pressures and increased stroke volume to similar extents.
However, carvedilol produced more favorable changes from
baseline in resting pulmonary capillary wedge pressure (27
— 19 mmHg [carvedilol] versus 25— 20 mmHg [metoprolol],
P=0.002) and resting mean pulmonary artery pressure (33
— 24 mmHg [carvedilol] versus 32 -26 mmHg [metoprolol],
P=0.049).

Metra et al. [29] also conducted provocative exercise testing
and repeated these same invasive hemodynamic measurements
in a separate study. Along with a lower peak heart rate,
carvedilol-treated patients had a higher peak stroke volume
index than metoprolol tartrate-treated patients (32 =43 mL/
m2 verus35 —42 mL/m2; p = 0.016).Pulmonary wedge pressure
and mean pulmonary artery pressure were also lower in the
carvedilol arm.

Maack et al. [28] conducted a randomized, open-label study
in which HFrEF patients were initially assigned to carvedilol or
metoprolol tartrate and titrated to maximum tolerable doses
(carvedilol 47 mg/day; metoprolol 182 mg/day). After 12 months
of treatment, patients were crossed over to the alternative
treatment arm using an equivalent dose of metoprolol tartrate
or carvedilol. Dobutamine (beta-1/beta-2/alpha-1 agonist)
stress echocardiography was performed immediately prior
to and 6 months after crossover. Investigators reported that
patients experienced similar increases in cardiac output during
treatment with either agent in response to dobutamine (+42%
[carvedilol] versus +43% [metoprolol tartrate], P=NS), but the
authors attributed this observation to greater responsiveness in
HR for patients receiving metoprolol tartrate (+23% [carvedilol]
versus +49% [metoprolol], P<0.05) and greater changes in stroke
volume for patients receiving carvedilol (+16% [carvedilol]
versus -3% [metoprolol], P=NS).
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Exercise capacity

Metra et al evaluated exercise capacity at baseline and 12
months after randomization to either carvedilol or metoprolol
tartrate [25]. Despite more favorable improvements in resting
LV ejection fraction and LV systolic and diastolic volumes among
patients randomized to carvedilol, metoprolol tartrate produced
more favorable effects on exercise capacity, as measured by
peak oxygen consumptionusing a stationary bicycle protocol
(13.7 mL/kg/min — 15.0 mL/kg/min versus 14.2 mL/kg/min
—14.0 mL/kg/min, P=0.035), but there were no differences
in exercise capacity as measured by 6-minute walk test [25].
In this study, carvedilol produced greater reductions at peak
exercise in HR (140 — 120 bpm [metoprolol] versus 143— 116
bpm [carvedilol], P=0.006) coupled with greater improvements
in SV index (35 = 42 mL/m2 [metoprolol] versus 32 — 43
mL/m? [carvedilol], P=0.016) withoutany notable between
group differences in cardiac index. These results suggest that
carvedilol-induced improvements in contractility were counter-
acted by more pronounced reductions in peak HR [25]. Since
the beneficial effects of beta-blockade in HF are independent of
exercise capacity, the clinical relevance of the differences above
is unknown.

Metabolism

Carvedilol has been associated with antioxidant effects.
In study of 24 Chinese HF patients, erythrocyte superoxide
dismutase activity and glutathione peroxidase activity, but not
total antioxidant status, were reduced at week 12 compared
to baseline in carvedilol-treated patients [30]. There was no

difference compared to baseline in metoprolol tartrate-treated
patients.

A study of Japanese patients showed that carvedilol
treatment reduced plasma lipid peroxide levels [31]. Changes in
thiobarbituric acid-reactive substances were reduced similarly
by metoprolol tartrate and carvedilol in another study of HF
patients [23].

Carvedilol may also switch myocardial energy substrate
utilization from free fatty acids towards lactate, thus restoring
homeostatic metabolism in myocytes [32]. Carvedilol also
possesses anti-inflammatory properties, reducing levels of
interleukin-1 beta [33] and C-reactive protein [31].

Additional support for the beneficial effects of carvedilol
on metabolism can be found in the Glycemic Effects in Diabetes
Mellitus: Carvedilol-Metoprolol Comparison in Hypertensives
(GEMINI) trial [34]. Although conducted in patients with type
2 diabetes mellitus and hypertension—instead of patients with
HF—metoprolol tartrate-treated patients had a significant
worsening of hemoglobin Alc (+0.15%; 95% confidence
interval, 0.08%-0.22%; P<0.001), whereas patients receiving
carvedilol experienced no changes hemoglobin Alc (0.02%,
95% confidence interval -0.06%-0.10%, P=0.65). Carvedilol also
showed beneficial effects on insulin resistance as measured by
reduction in homeostatic model assessment-insulin resistance
(-9.1% [carvedilol] versus -2.0% [metoprolol], P=0.004). This
trial provides indirect evidence to support favorable metabolic
effects of carvedilol (Table 1).

Table 1: Basic properties of metoprolol tartrate, metoprolol succinate and carvedilol.

Metoprolol
Property Carvedilol
tartrate succinate
Bioavailability 40% 40% 25%
Duration of action 6-12 hours 20-24 hours 12-20 hours
Hepatic metabolism CYP2D6 CYP2D6 CYP2D6; CYP2C9

Landmark Clinical Trials of Carvedilol and Metoprolol in Heart Failure

a)Metoprolol vs. placebo
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Figure 2: Comparison of clinical trials of beta-blockers in chronic heart failure with reduced ejection fraction.
Caption: Key clinical outcomes are summarized for landmark clinical trials of the beta-blockers metoprolol (MERIT-HF), carvedilol (US Carvedilol
Heart Failure Study and COPERNICUS) and bisoprolol
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The efficacy of metoprolol succinate for the treatment
of chronic HFrEF was demonstrated in the MERIT-HF study
[35]. Investigators enrolled 3991 patients with NYHA Class II-
IV symptoms and LVEF <40%. In addition to a background of
diuretics, angiotensin-converting enzyme inhibitor (ACEI)/
angiotensin receptor blocker (ARB) and digitalis, patients were
randomized to metoprolol succinate (mean daily dose 159 mg
daily) or placebo. After a mean follow-up of 1 year, the study was
terminated early. Metoprolol succinate significantly reduced the
risk of all-cause mortality by 34% compared to placebo (7.2%/
patient-year vs. 11% /patient-year; 95% CI, 53-81%; p = 0.0062)
(Figure 2).

Metoprolol tartrate was studied in the Metoprolol in Dilated
Cardiomyopathy (MDC) trial [36]. In this study of 383 subjects
with HFrEF and NYHA II-IIl symptoms, all-cause mortality
or need for heart transplantation was numerically lower in
metoprolol tartrate-treated patients compared with placebo
(25% vs. 38%), although the p-value did not achieve statistical
significance (p = 0.058).

b)Carvedilol vs. placebo

The US Carvedilol Heart Failure Study Group randomly
assigned 1094 patients with chronic HF and an EF <35% to
either carvedilol titrated to a target dose of 50 mg twice daily or
placebo [37]. Patients received standard HF therapies, including
an ACEI/ARB, a diuretic and digitalis, in addition to carvedilol
(mean daily dose 45 mg) or placebo. The majority of patients
had NYHA II-III symptoms. At the time of early termination of the
study at the recommendation of the Data and Safety Monitoring
Board, 3.2% of carvedilol patients as compared with 7.8% of
placebo patients had died (relative risk, 65%; 95% CI, 39-80%;
P<0.001).

In the COPERNICUS trial, 2289 patients with severe heart
failure, defined as the presence of symptoms at rest (NYHA
IV) and left ventricular ejection fraction less than 25%, were
randomized to either carvedilol (mean daily dose 37 mg)
or placebo [38]. The majority of patients were treated with
diuretics and an ACEI or ARB. After treatment for a mean of 10
months, patients who received carvedilol had a 35% lower risk
of all-cause mortality (95% CI 19-48%; P=0.0014) and a 24%
lower risk of all-cause mortality or hospitalization (95% CI, 13-
33%; P<0.001).

c)Carvedilol vs. Metoprolol

To date, the Carvedilol or Metoprolol European Trial (COMET)
remains the only randomized, head-to-head comparison
of carvedilol and metoprolol outcomes in chronic HF [39].
Conducted exclusively in Europe, this trial enrolled patients with
stable, NYHA Class II-IV HF, LVEF <35%, and a cardiovascular
hospital admission within the previous 2 years. In addition, all
patients had to be receiving stable doses of an ACEI for at least 4
weeks and a diuretic for at least 2 weeks. Patients were initiated

either on carvedilol 3.125 mg twice daily or metoprolol tartrate
5 mg twice daily and titrated to target doses of 25 mg twice daily
or 50 mg twice daily, respectively [40].

At the beginning of the maintenance phase, the mean daily
doses for carvedilol and metoprolol tartrate were 41.8 mg and
95 mg, respectively, both similar to doses utilized in routine
clinical practice [41]. The majority of carvedilol (75%) and
metoprolol (78%) patients received the intended target dose.
For approximately the first year, the mean HR was lower in the
carvedilol group compared to the metoprolol tartrate group
(between group difference = 1.6 beats per minute). However,
there was no significant difference in HR between the two
treatments for the remainder of the trial. At the 4-month mark,
systolic blood pressure was 1.8 mm Hg lower in carvedilol
patients than metoprolol patients (95% CI -3.2 to -0.4).

After mean study duration of 58 months, all-cause death was
35% in the carvedilol arm compared to 40% in the metoprolol
tartrate arm. This 5% absolute reduction in all-cause mortality
was statistically significant (HR 0.83;95% C10.74-0.93; P=0.002).
The majority of deaths in both carvedilol- and metoprolol
tartrate-treated patients were due to a cardiovascular event and
cardiovascular deaths occurred less frequently in the carvedilol
group (29% vs. 35%; HR 0.80; 95% CI 0.70-0.90; P=0.0004).
Carvedilol also reduced the risk of cardiovascular death, sudden
death, and death due to stroke [42].

The percent of patients who experienced a serious
adverse event was 55% in the carvedilol arm and 57% in the
metoprolol tartrate arm. There were no differences in the rate
of bradycardia. The authors concluded that the results of the
COMET trial suggest that carvedilol extends survival compared
to metoprolol. Interestingly, a post-hoc analysis of the COMET
study suggested that transitioning from metoprolol to carvedilol
was better tolerated than the reverse [43].

An additional post-hoc analysis examined the relationship
between HR and outcomes in COMET [44]. In multivariate
analysis adjusting for several confounders, including HR,
carvedilol was associated with a significantly lower risk of death
compared to metoprolol (relative risk, 0.767; 95% confidence
interval, 0.663-0.887; p<0.0004), further supporting the overall
study results. Carvedilol was associated with a significantly
lower risk of death compared to metoprolol among patients
with an achieved HR >68 beats per minute (hazard ratio, 0.77;
95% confidence interval, 0.62-0.95; p=0.0171) and those with
an achieved HR<68 beats per minute (hazard ratio, 0.78; 95%
confidence interval, 0.64-0.96; p=0.019).

Similarly, mortality was significantly lower in carvedilol-
treated patients as compared with metoprolol-treated patients
whether the target dose was achieved or not (achieved target
dose: hazard ratio, 0.77; 95% confidence interval, 0.64-0.91;
p=0.0003; did not achieve target dose: hazard ratio, 0.70;
95% confidence interval, 0.54-0.92; p=0.010). The COMET

m How to cite this article: Leo B, Susie C, Kevin P , Benjamin W. Van T. A Systematic Review of the Beta-Blockers Carvedilol and Metoprolol for the
Treatment of Chronic Heart Failure. J of Pharmacol & Clin Res. 2017; 3(1): 555605. DOI: 10.19080/JPCR.2017.02.555605.


http://dx.doi.org/10.19080/JPCR.2017.03.555605

Journal of Pharmacology & Clinical Research

investigators concluded that “The beneficial effects of carvedilol,
when compared with metoprolol tartrate, at the pre-defined
target doses of each compound, on mortality could not be
explained by the differences in [blood pressure] and [heart rate]
observed after 4 months of study treatment or by patients not
achieving target study drug levels” [44].

Despite the apparent benefit of carvedilol, the COMET trial
also raised many questions, most notably the use and dosing of
metoprolol tartrate. While the MERIT-HF trial demonstrated that
the succinate salt reduces mortality compared with placebo, the
tartrate salt has not been studied in a randomized comparison
with placebo. Moreover, the target dose of metoprolol used in
COMET was 50 mg twice daily, less than half of the target dose
used in MERIT-HFE.

Comparative Effects of Metoprolol Tartrate and
Metoprolol Succinate

Despite differences in pharmacokinetics, metoprolol tartrate
and succinate exert similar Pharmacodynamics effects in HF
patients. Kukin et al. [45]. Directly compared 3 months treatment
with metoprolol tartrate and metoprolol succinate in 27 patients
with HFrEF, concluding that these two agents “produce similar
hemodynamic and clinical effects acutely and chronically”. The
target doses were 50 mg twice daily for metoprolol tartrate
and 100 mg once daily for metoprolol succinate (or 100 mg
twice daily and 200 mg once daily if >85 kg). All patients in the
metoprolol succinate group achieved the target dose whereas
11/14 achieved the target metoprolol tartrate dose. Specifically,
the following parameters were not statistically significantly
different between each salt: LVEF, maximal oxygen consumption,
plasma norepinephrine levels, resting HR (73 + 13.7 vs. 73 *
16.9 beats per minute for tartrate and succinate, respectively),
pulmonary capillary wedge pressure, cardiac index, systemic
vascular resistance, stroke volume index, and stroke work index.

Non-randomized Comparisons of Metoprolol and
Carvedilol in Heart Failure

a)Observational Registries

Two recent large cohort analyses have provided additional
insight into the clinical utility of metoprolol and carvedilol for
the treatment of chronic HFrEF [46,47]. Pasternak et al. [46]
included 11,664 patients from the Danish HF Registry who
started carvedilol (n = 6026) or metoprolol succinate (n = 5638)
within 60 days of an HF hospitalization and continued this
therapy for a minimum of 120 days. To minimize residual bias,
the authors matched patients with a propensity score calculated
from 126 variables.

The majority of patients had NYHA II or III symptoms at
inclusion. The proportion of patients with EF <25% was higher
in the carvedilol group than the metoprolol succinate group
(41% vs. 27%). Background therapy consisted of guideline-

directed medical therapy such as ACEI or ARB, a diuretic and
an aldosterone antagonist. In the propensity-matched analysis,
there was no difference between carvedilol and metoprolol
succinate with respect to all-cause mortality (18.3% vs. 18.8%;
HR, 0.99; 95% CI, 0.88-1.11). These results did not differ when
analysis was restricted to patients who reached the target dose.

A similar study was conducted by Frohlich et al. [47] using
data combined from the Norwegian Heart Failure Registry and
the outpatient HF clinic of the University of Heidelberg. Patients
were eligible for inclusion in this study if they had systolic HF
(EF <45%) and were receiving an ACEI/ARB with carvedilol or
metoprolol succinate. Propensity scores were used to match
patients who received carvedilol (n = 1118) or metoprolol
succinate (n = 2898).The median dose of metoprolol succinate
was 103 mg daily while the median dose for carvedilol was 38
mg daily. The univariate analysis of the general sample revealed
significantly higher all-cause mortality among patients taking
metoprolol (HR 1.49; 95% confidence interval 1.31-1.69;
P<0.001). However, after adjustment for dose equivalency and
propensity score matching, there was no significant difference
between groups (HR, 1.00; 95% CI, 0.82-1.23; p = 0.99).

b)Meta-Analyses

Two meta-analyses have compared metoprolol and
carvedilol. Chatterjee et al. [48] conducted a network meta-
analysis of 21 trials (n = 23,122), establishing indirect
comparisons of interventions from different studies.50In
this analysis, carvedilol was the beta-blocker with the largest
mortality benefit. Compared to metoprolol, carvedilol reduced
the risk of mortality by 20% (odds ratio 0.83; 95% confidence
interval 0.59-1.08), cardiovascular death by 41% (odds ratio
0.59; 95% confidence interval 0.20-1.39) and sudden death by

33% (odds ratio 0.67; 95% confidence interval 0.19-1.49).

Briasoulis etal. [49] utilized a different approach, conducting
a traditional meta-analysis but including retrospective and
post-hoc analyses. In the fixed effects model, carvedilol was
associated with a significant mortality benefit (odds ratio 0.80;
95% confidence interval 0.70-0.91) that was not seen in the
random effects model (odds ratio 1.02; 95% confidence interval
0.90-1.16). A similar pattern was seen for HF hospitalizations.

Discussion

The availability of large, randomized controlled trials has
elevated the standard by which drugs and devices are evaluated
in cardiovascular diseases. Unfortunately, useful data from
well-designed clinical trials is often over-criticized and under-
appreciated [50]. Practicing clinicians are therefore left to sort
through the ‘imperfect’ clinical data to make informed clinical
decisions.

One common criticism of COMET has been that the short-
acting metoprolol tartrate formulation does not provide the
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same benefits as the succinate formulation. Given that the
metoprolol dose chosen (in COMET) was lower than the dose
studied in the landmark MERIT-HF trial, the achievement of a
highermetoprolol dose might be required for maximal benefit.
Together, these criticisms imply that metoprolol-treated patients
(in COMET) did not receive the same degree of beta-receptor
antagonism as carvedilol-treated patients.

The evidence, however, suggests that the magnitude of
differences in HR between metoprolol tartrate and carvedilol
was minimal in COMET. For the first 16 months, the mean HR in
the carvedilol arm was 1.6 beats per minute lower than in the
metoprolol arm. For the study period from month 16 through
month 58, there was no statistically significant difference in
HR between the two groups. We believe that a transient HR
reduction of 1-2 beats per minute (over the first 16 [28%]
months of follow-up) does not explain the 20-30% reduction
in outcomes observed in COMET over a 58-month follow-up.
Furthermore, the Phase 2 clinical trials discussed above found
that metoprolol tartrate and carvedilol demonstrated similar
HR reductions when given in a 2:1 dose ratio as conducted in
COMET.

Moreover, we argue that the pharmacokinetic differences
between metoprolol tartrate and metoprolol succinate have
no clinical implications beyond the convenience of once daily
dosing with metoprolol succinate. The benefits of beta-blockade
are largely mediated through long-term beta-receptor re-
sensitization and there is no evidence that one salt formulation
provides a superior impact on the negative feedback loop
responsible for beta-receptor re-sensitization [51-53].

Within this context, we believe that the COMET results
provide, at a minimum, evidence that carvedilol is likely superior
to metoprolol tartrate or succinate, although the effect size may
be overestimated.

Conclusion

Controversy regarding the preferred beta-blocker in patients
with HFrEF remains ongoing. The available data therefore
suggest that carvedilol is considered the first-line beta-blocker
for the treatment of HF. While individual patient characteristics
(e.g. severe obstructive pulmonary disease, low baseline
BP) may favor the use of metoprolol in limited situations, the
preponderance of evidence suggests that carvedilol should be
the first-line beta-blocker in the general HFrEF population.
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