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Abstract

Cardiovascular and non-cardiovascular comorbidities are frequently observed in heart failure patients, complicating the
therapeutic management and leading to poor prognosis. The prompt recognition of associated comorbid conditions is of
great importance to optimize the clinical management, the follow-up, and the treatment of patients affected by chronic
heart failure. Anaemia and iron deficiency are commonly reported in all heart failure forms, have a multifactorial
aetiology and are responsible for reduced exercise tolerance, impaired quality of life, and poor long-term prognosis.
Diabetes mellitus is highly prevalent in heart failure and a poor glycaemic control is associated with worst outcome. Two
specific heart failure forms are usually observed in diabetic patients: an ischaemic cardiomyopathy or a typical diabetic
cardiomyopathy. The implementation of use of sodium-glucose cotransporter-2 inhibitors will much improve in the near
future the long-term prognosis of patients affected by heart failure and diabetes. Among cardiovascular comorbidities,
atrial fibrillation is the most common arrhythmic disease of heart failure patients and it is still not clear whether its
presence should be considered as a prognostic indicator or as a marker of advanced disease. The aim of the present
review was to explore the clinical and prognostic impact of anaemia and iron deficiency, diabetes mellitus, and atrial
fibrillation in patients affected by chronic heart failure.
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Introduction . . . . .
heart failure, anaemia and iron deficiency, and diabetes

Comorbidities are quite frequent in patients affected by
heart failure and represent a major issue that frequently
complicates the management of the disease.’

The presence of multiple cardiovascular and non-
cardiovascular comorbidities, in fact, impacts on the
diagnostic and therapeutic management of heart failure
patients and may lead to poor outcome, increased rates
of hospitalization and mortality.

The early recognition of those associated patholog-
ical conditions in heart failure patients is of great value,
allowing a strict follow-up to avoid or delay an episode
of acute decompensated heart failure, facilitating the
prompt use of targeted drugs for each condition and
accelerating the inclusion of multiple medical special-
ists in the management of the disease.

The aim of the present review was to focus the atten-
tion on two major non-cardiovascular comorbidities of

mellitus, and on the most important cardiovascular
associated condition of heart failure patients, atrial
fibrillation, focusing the attention on the clinical and
prognostic impact of those conditions and directing on
promising therapeutic interventions.
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Anaemia and iron deficiency

Anaemia and iron deficiency are frequently observed in
heart failure patients, independently from disease type,
aetiology or stage. As regards anaemia, the World
Health Organization defines its presence as haemoglo-
bin (Hb) level <12 g/dl in women and <13 g/dl in men.
However, substantial prevalence variability in heart
failure has been described, ranging from 22% to
37%, with some reports also describing much higher
prevalence rates.> Patients exhibiting both anaemia
and heart failure have a reduced functional capacity,
a worse quality of life, and increased rates of major
cardiovascular events, hospitalizations and death com-
pared with non-anaemic heart failure patients. As
regards exercise limitation, Agostoni et al..* in a large
cohort of patients with heart failure and reduced left
ventricular ejection fraction (HFrEF), demonstrated
that each gram of Hb accounts, on average, for a
0.97 ml/min per kg change in O, uptake at peak exer-
cise (peak VO,), clarifying the impact of anaemia on
functional capacity in heart failure patients. In terms of
prognostic relevance, the MAGGIC dataset, including
13,295 heart failure patients, recognized anaemia as an
independent prognostic predictor both in HFrEF and
in heart failure with preserved ejection fraction
(HFpEF).” Moreover, Hb is one of the six independent
predictors of total and cardiovascular mortality of the
MECKI score, together with peak VO,, ventilation
versus carbon dioxide production relationship slope
(VE/VCO, slope), ejection fraction, renal function,
and sodium plasma levels.®

Multiple elements contribute to the occurrence of
anaemia in heart failure: impaired renal function, a
state of chronic inflammation, bone-marrow dysfunc-
tion, haemodilution and, of most importance, iron defi-
ciency (Table 1).

Iron deficiency is a condition characterized by insuf-
ficient iron to satisfy the metabolic needs. Two distinct
forms of iron deficiency can be recognized: absolute

Table 1. Causes of anaemia and iron deficiency in patients
affected by heart failure.

Anaemia Iron deficiency

Impaired renal function
Chronic inflammation

Impaired iron absorption
Reduced iron intake
(malnutrition)
Gastrointestinal blood losses
Chronic inflammation (with
impaired iron transition in
the circulation and its
sequestration into the
reticuloendothelial system)

Bone-marrow dysfunction
Haemodilution

Iron deficiency

and functional; both are accompanied or not by a
status of anaemia. Absolute iron deficiency is charac-
terized by ferritin levels <100 pg/ml; in functional iron
deficiency, ferritin is in the range 100-300 pg/l with a
transferrin saturation <20%. The prevalence of iron
deficiency in patients with chronic heart failure ranges
from 35% to 55%; in acute decompensated heart fail-
ure it can reach a prevalence up to 80% in the first days
after admission.” As already discussed for anaemia,
also iron deficiency, alone or combined with an anae-
mic status, is responsible for reduced exercise tolerance,
affects quality of life and results in higher rates of hos-
pitalizations and death in heart failure patients.® As
regards exercise intolerance, Jankowska et al.” reported
in 443 chronic heart failure patients the independent
role of iron deficiency in determining reduced exercise
capacity.

Absolute iron deficiency is usually due to malab-
sorption, malnutrition or gastrointestinal blood
losses, whereas functional iron deficiency is related to
a state of chronic inflammation'® (Table 1). Chronic
inflammation is characterized by cytokine production,
responsible for the synthesis of hepcidin and conse-
quent reduction of ferroportin expression, resulting in
a decreased iron transition into the circulation as well
as in its sequestration in the macrophages of the retic-
uloendothelial system.'”

The presence of anaemia and/or iron deficiency
might complicate the prognostic assessment of heart
failure patients, since anaemic patients are often
excluded or poorly represented in heart failure trials
and the prognostic role of commonly used prognostic
predictors in chronic heart failure patients might
change in anaemic patients. In this setting, the
MECKI score research group studied a population of
3913 heart failure patients grouped according to Hb
values, demonstrating that cardiopulmonary exercise
test (CPET) can be safely performed also in anaemic
patients and that peak VO, and ejection fraction pre-
serve their prognostic power also in heart failure
patients with Hb <11g/dl."" Differently, the VE/
VCO, slope loses its prognostic power in severe anae-
mic heart failure patients (Hb <11 g/dl), despite the
highest (and thus worst) values being found in this
group.'! These results suggest the use of CPET also
in anaemic heart failure patients and underline that a
multiparametric approach can be useful also in heart
failure patients with low Hb levels.

As regards the treatment of anaemia and iron defi-
ciency, several trials have been conducted in recent
years. The RED-HF trial'* failed to demonstrate a
beneficial role of darbepoetin alpha in heart failure
patients, since the treatment did not improve clinical
outcomes in patients with systolic heart failure and a
mild-to-moderate anaemia degree. Thus, the use of
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erythropoietin-stimulating agents is currently not rec-
ommended in heart failure patients. As regards iron
deficiency, oral iron replacement therapy has many
concerns regarding its reduced tolerability and low gas-
trointestinal absorption, mostly in chronic disease, as
heart failure, where gastrointestinal absorption is
already impaired.'® All the trials assessing the effects
of oral iron support on quality of life and functional
capacity failed to demonstrate a clinical benefit. In par-
ticular, the recent IRONOUT-HF trial'® demonstrated
that oral iron supplementation minimally increases
iron stores and does not improve exercise capacity in
HFrEF patients with iron deficiency. Moreover, an
IRONOUT-HF sub-analysis'* failed to identify a
subset of responders more likely to develop a clinical
benefit from oral iron therapy, confirming that its rou-
tine use in patients with symptomatic HFrEF and iron
deficiency is not recommended. Thus, in recent years,
several trials concentrated on the role of intravenous
ferric carboxymaltose in heart failure patients, thus
avoiding the gastrointestinal tract, and increasing cir-
culating iron levels and its availability for target
organs. The FAIR-HF'® and the CONFIRM-HF'¢
trial were designed to assess the effects on quality of
life, New York Heart Association (NYHA) class, and
exercise capacity of (intravenous) ferric carboxymal-
tose compared to placebo in HFrEF patients with
iron deficiency. The trials’ results reported an improve-
ment of symptoms, functional capacity, and quality of
life with an acceptable side-effect profile in the group
treated with ferric carboxymaltose regardless of the
presence of an anaemic status. Moreover, the
CONFIRM-HF trial,'® as secondary endpoint,
reported a significant reduction in the risk of hospital-
izations for worsening heart failure, whereas the
number of deaths were comparable between groups.
In these trials, exercise capacity was assessed through
the 6-min walking test, whereas the FERRIC-HF
trial'” confirmed the effects of ferric carboxymaltose
on exercise capacity also with the use of CPET, report-
ing a significant improvement in maximal exercise
capacity as measured by peak VO, (ml/min per kg)
and a trend toward an increase in absolute peak VO,
values and exercise duration. Similarly, the EFFECT-
HF trial'® confirmed a slight improvement in peak VO,
in heart failure patients with iron deficiency treated
with ferric carboxymaltose. Thus, European Society
of Cardiology guidelines'® recommend to consider the
use of ferric carboxymaltose in symptomatic heart fail-
ure patients (if serum ferritin <100 pg/, or if ferritin
between 100 and 299 pg/l and transferrin saturation
<20%) in order to alleviate heart failure symptoms
and improve exercise capacity and quality of life
(Class of recommendations: Ila, Level of evidence A).
However, no robust data are at the moment available

on the effects of ferric carboxymaltose on major car-
diovascular outcomes and long-term prognosis; large
randomized studies are needed in this setting in order
to integrate the clinical benefit of intravenous iron sup-
plementation with a relevant prognostic role.

Diabetes

Diabetes mellitus is a common comorbidity in heart
failure and has a significant negative impact on prog-
nosis. Diabetes ranges from 10% to 30% in HFrEF
and is present in about 45% of patients with HFpEF,
and the prevalence of comorbid diabetes mellitus is
increasing most significantly in those with new-onset
heart failure.>?' In particular, type 2 diabetes and
HFpEF are frequently seen together in older, hyperten-
sive, and female patients and often underdiagnosed,
hence the importance of correct risk stratification in
heart failure patients also in presence of a preserved
systolic function.?? In addition, newly diagnosed type
2 diabetes and prediabetes are highly prevalent in
patients hospitalized for worsening HFrEF and inde-
pendently associated with an increased risk of both all-
cause and cardiovascular mortality.”> On the other
side, heart failure is frequently observed in diabetes
mellitus patients. In the Framingham Heart Study,**
heart failure was shown to be twice as common in
men and five times more common in women with dia-
betes mellitus between the ages of 45 and 74 years when
compared with age-matched non-diabetic controls.
Older age, longer duration of diabetes, use of insulin
and lower body mass index were independent risk fac-
tors for the presence of heart failure.

As regards prognosis, in the Swedish Heart Failure
Registry,>> mortality was 37% in diabetic patients with
heart failure. In older adults enrolled in the Medicare
programme, those with diabetes and heart failure had a
mortality of 32.7 per 1000 person-years compared with
3.7 per 1000 person-years among those without heart
failure.”> In the REACH Registry,?® diabetes was asso-
ciated with a 33% greater risk of hospitalization for
heart failure and the presence of heart failure at base-
line was independently associated with cardiovascular
death and hospitalization for heart failure. However, in
a recent analysis of the MECKI score database®’ per-
formed in 3927 HFrEF patients, a worse prognosis was
observed in patients with poor glycaemic control
(HbAlc >8%) (Figure 1), whereas the presence of a
diabetic status and ongoing anti-diabetic treatment
were not related to prognosis after correction for mul-
tiple confounders.®

Left ventricular (LV) dysfunction in patients with
type 2 diabetes may present as HFpEF, HFrEF or
heart failure with mid-range ejection fraction. LV dia-
stolic dysfunction is frequent in both pre-diabetes and
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Figure 1. Effect of glycaemic control on long-term prognosis (composite of cardiovascular death, urgent heart transplant, or left
ventricular assist device implantation) in diabetic heart failure patients at baseline (panel on the left) and after correction for multiple
confounders (ejection fraction, oxygen uptake at peak exercise, haemoglobin, minute ventilation/carbon dioxide production rela-
tionship slope, renal function and sodium plasma levels) (panel on the right).

Data from the MECKI score database. Modified from Johansson et al.>®

HbAlc: glycated haemoglobin.

overt diabetes, and its severity correlates with insulin
resistance and the degree of glucose dysregulation. The
complex relationship between diabetes and heart fail-
ure can be summarized in two situations: 1) diabetes as
a risk factor favouring and worsening coronary artery
disease (CAD) and consequent ischaemic systolic dys-
function; 2) diabetes as a direct cause of cardiomyop-
athy and heart failure, both in the form of HFpEF or
HFrEF, also known as diabetic cardiomyopathy.?® The
main mechanisms of cardiac dysfunction are the resis-
tance to the metabolic actions of insulin in heart
tissue, compensatory hyperinsulinaemia and the pro-
gression of hyperglycaemia. Hyperglycaemia causes
up-regulation of the sodium-glucose cotransporter-2
(SGLT2), leading to increased proximal renal sodium
absorption, volume expansion and decreased respon-
siveness to diuretics.”® Patients with diabetes have
increased sympathetic and renin—angiotensin system
activation and alterations in sodium handling, which
predisposes to congestion, cardiorenal syndrome and
decreased diuretic responsiveness.?®

Diabetes mellitus as risk factor of CAD and
consequent heart failure

Diabetes has a different impact on prognosis according
to its duration, comorbidities and organ damage. We
can identify three different cardiovascular risk classes
in diabetic patients:*’

o Very high cardiovascular risk. Diabetes and existing
cardiovascular disease, or end organ damage, or >3
cardiovascular risk factors or diabetes duration >20
years;

e High cardiovascular risk. Diabetes with duration
>10 years without end organ damage, but with an
additional cardiovascular risk factor;

e Moderate cardiovascular risk. Young patients (type 1
diabetes <35 years; type 2 diabetes <50 years) with a
diabetes duration <10 years without other cardio-
vascular risk factors.

The presence of type 2 diabetes does not worsen per
se the rate of overall survival, but it does interact sig-
nificantly with the aetiology, substantially increasing
the risk of death among patients with ischaemic heart
failure by 32%, irrespective of echocardiographic
parameters. High levels of plasma High Sensitivity
Troponin I were also found to be stronger predictors
of overall mortality in heart failure patients with type 2
diabetes than in their counterparts without diabetes.*

Diabetic cardiomyopathy

Diabetic cardiomyopathy is a distinctive heart failure
form observed in the diabetic population and occurs in
absence of other cardiovascular disease, such as CAD,
hypertension, valvular and congenital heart disease.?®
The exact pathophysiology of diabetic cardiomyopathy
is still under investigation; however, a main role is rep-
resented by the state of insulin resistance. Insulin resis-
tance leads to change in substrate metabolism and
cardiac lipotoxicity, advanced glycated end-products
deposition, endothelial and microvascular dysfunction,
inappropriate neurohormonal response, oxidative
stress and subcellular component abnormalities pro-
moting all the baseline components of cardiac dysfunc-
tion. The disease can have two distinct phenotypes: a
hypertrophic-restrictive dominant pathophysiology
and HFpEF or a dilatative phenotype with HFrEF.
It is still under investigation whether the two forms
are the evolution of the same disease or are two differ-
ent diseases and this distinction is pivotal in terms of
pharmacological treatment, because currently we have
efficacious tools for dilated/HFrEF, but still few



Paolillo et al.

31

evidences for the treatment of restrictive/HFpEF.?!
The key problem is the absence of a universally accept-
ed definition of diabetic cardiomyopathy, which makes
studies of epidemiology, pathophysiology, clinical
characteristics, and prognosis challenging. Irrespective
of the disease phenotype, its occurrence is responsible
for an adverse prognosis. However, in the setting of
diabetic cardiomyopathy, no target treatments have
been tested, thus clinical trials are needed to define
the role of available heart failure therapies and/or to
find new therapeutic targets for this clinical condition.

Treatment of diabetic patients with heart failure

Diabetes has received increasing attention due to the
results of clinical trials that have shown beneficial
effects of new oral antidiabetics on heart failure out-
comes. Guideline-based medical and device therapies
are the same in heart failure patients with and without
diabetes;'**? some dose adjustments in diabetic
patients may be necessary because of renal
dysfunction.”

In the treatment of patients affected by both diabe-
tes and cardiovascular diseases, of most importance is a
continuous exercise training programme that contrib-
utes to improve many metabolic functions, such as
peripheral sensitivity to insulin, impaired lipid profile,
vascular reactivity and functional capacity. On this
topic, the FEuropean Association of Preventive
Cardiology reported in a recent position paper’* the
positive effects of exercise training in diabetes, provid-
ing practical recommendations and methods to pre-
scribe exercise training in order to reach specific
targets and improve quality of life, glycaemic control,
cardiovascular fitness, and prognosis.

As regards the pharmacological approach, first-line
treatment of diabetes in heart failure should include
metformin and SGLT2 inhibitors;* saxagliptin, piogli-
tazone and rosiglitazone are not recommended for
patients with diabetes and heart failure.’”

Cardiovascular outcome trials with SGLT2 inhibi-
tors (empaglifiozin, canaglifiozin, dapaglifiozin, and
ertuglifiozin) in the last few years demonstrated bene-
ficial effects in terms of heart failure hospitalization in
diabetic patients with a risk reduction of about 30%,
regardless of the presence of heart failure at baseline.
Moreover, dapaglifiozin and empagliflozin reduced the
risk of worsening heart failure/heart failure hospital-
izations or cardiovascular death in patients with
HFrEF, regardless of the presence of diabetes at base-
line. ¢ A sub-analysis of the DAPA-HF trial®’ dem-
onstrated significant and similar benefit and safety of
dapagliflozin in patients taking or not sacubitril/valsar-
tan, thus dispelling the doubt that the association
between the two drugs caused excessive diuresis and

hypotension. Furthermore, the results of this recent
sub-analysis®’ indicated that the use of both agents
together could lower morbidity and mortality in dia-
betic patients with HFrEF, suggesting that the mecha-
nisms of action of these drugs are likely to be distinct
and potentially complementary. The US Food and
Drug Administration recently approved the use of
dapaglifiozin for HFrEF patients regardless of the
presence of diabetes at baseline and the drug is under
evaluation by the European Medical Agency. Thus, in
the near future, gliflozins will be introduced as heart
failure specific drugs, newly changing the therapeutic
and prognostic pathway of such a complex disease.

Atrial fibrillation

Atrial fibrillation is common in patients affected by
chronic heart failure and its prevalence is growing in
the more advanced heart failure stages with increased
morbidity and mortality.*® Data from the EuroHeart
Failure Survey reported that about 20% of patients
with heart failure exhibit atrial fibrillation and that its
prevalence reaches 40% in patients with advanced dis-
ease. There is a complex interaction between these two
conditions since heart failure predisposes to atrial
fibrillation and occurrence of atrial fibrillation in
patients with heart failure worsens symptoms and com-
plicates therapeutic management. This is due to several
detrimental effects, including heart rate increase,
reduced left ventricular loading, irregular periods of
ventricular filling and decreased cardiac output and a
range of pathophysiologic mechanisms, including rapid
ventricular rates, irregularity and loss of atrial systole.
In turn, heart failure can lead to atrial fibrillation
through elevated atrial pressure and activation of the
sympathetic and renin—angiotensin systems.

The impact of atrial fibrillation on heart failure
patients during exercise is complex. CPET with gas
exchange measurements is nowadays a cornerstone in
the clinical management of patients with heart failure.
Accordingly, besides classic risk factors — including
age, NYHA class and LV e¢jection fraction — both
peak VO, and oxygen uptake at the anaerobic thresh-
old (VO,AT) have proven to be strong independent
predictors of outcome in heart failure patients. The
analysis of patients that are part of the MECKI score
database underlined the importance of CPET also in
patients with atrial fibrillation. In particular it allowed
to observe in HFrEF patients affected by atrial fibril-
lation a peculiar response to exercise. First, permanent
atrial fibrillation is associated with more compromised
exercise performance at CPET, expressed by lower
values of peak VO,, lower value of O, pulse and
lower workload achieved at peak exercise of about
20% when compared with HFrEF patients in sinus
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rhythm, but higher values of VO,AT.* The postponed
anaerobic threshold is likely due to different heart rate
kinetics during exercise so that the increase at the reg-
imen of exercise is higher in atrial fibrillation patients;
consequently cardiac output (CO) increase is anticipat-
ed and the anaerobic threshold, which is CO depen-
dent, postponed® (Figure 2). Anaerobic threshold is
used to confirm the clinical value of CPET information
obtained at peak exercise and it has been proposed as a
strong alternative to peak VO,, being independent of
exercise protocol and exercise duration. It is important
to note that VO,AT has a prognostic value in patients
with atrial fibrillation as in those with sinus rhythm,

Baseline AT  Peak
HR.bpm 85 129 185
VO, peak, mikg ar 16 172

ATRIAL FIBRILLATION

g

3

SINUS RHYTHM

Baseline AT Peak
HR.bpm 76 18 143
VO, poak, mikg AT 114 212

Heart rate, bpm
o
T

- -]
S
s

40 + ¢ {
0 5 10 15
Minutes of exercise

Figure 2. Explicative example of different kinetics of the exer-
cise-induced heart rate (HR) response between a heart failure
patient (male, 55 years old) on sinus rhythm (black line) and
another patient (male, 51 years old) with atrial fibrillation (red
line). In spite of a significantly lower peak oxygen uptake (VO,
peak), the atrial fibrillation patient shows an oxygen uptake at
anaerobic threshold (AT) similar to the sinus rhythm patient.
Modified from Magri et al.*

but VO,AT in atrial fibrillation patients should be ana-
lysed differently from that of sinus rhythm patients
with a different cut-off for poor prognosis. As a
matter of fact, the prognostic negative VO,AT cut-off
value is <11.7 ml/kg per min in sinus rhythm heart
failure patients and <12.8 ml/kg per min in atrial fibril-
lation heart failure patients.*!

Other important information about the impact of
atrial fibrillation in heart failure patients is derived
from the analysis of a population of patients who
were part of the MECKI score database.** First, the
analysis of 3447 heart failure patients (85% males) with
mean age of 61.5+11.8 years and median ejection frac-
tion of 34.9% followed for a median period of 3.15
years documented that atrial fibrillation in HFrEF is
a marker of disease severity but not an independent
prognostic indicator. In particular, applying a multi-
variable model based on all variables significant at uni-
variable analysis (ejection fraction, peak VO,, VE/
VCO, slope, sodium, kidney function, Hb, beta-
blockers and digoxin), atrial fibrillation was no longer
associated with adverse outcome, either in the whole
cohort or in a subgroup of patients with atrial fibrilla-
tion or sinus rhythm matched for clinical characteris-
tics and follow-up.’ This suggests that atrial fibrillation
is linked to heart failure prognosis because it more fre-
quently presents in severe heart failure but it does not
directly influence heart failure prognosis, that is, atrial
fibrillation should be seen a red flag for poor prognosis.
However, this undeniable datum has nothing to do
with cardioversion need or utility.

Another debated question was about the efficacy of
B-blockers in patients with heart failure and concomi-
tant atrial fibrillation. The analysis of data derived
from 958 heart failure patients with atrial fibrillation
as part of the MECKI score database allowed to define

w

o

Composite endpoint of
CV death+HTX+LVAD implantation

[1]

04
L] 1 : ] 1 L ] . ) (]
FoRow-up (pear,

Beta-blocker high dose (>25 mg/day)

Beta-blocker medium dose (>12.5-525 mg/day)

Beta-blocker low dose (£12.5 mg/day)

No Beta-blocker

Figure 3. Kaplan—Meier analysis of study endpoint (composite of cardiovascular (CV) death, urgent heart transplant (HTX) or left
ventricular assist device (LVAD) implantation) according to P-blocker equivalent dose at a 10-year follow-up (p < 0.0001). Blue
line =no PB-blocker, red line =low dose (<12.5 mg/day), yellow line =medium dose (>12.5-<25 mg/day), green line = high dose

(25 mg/day). Modified from Campodonico et al.*?
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that, at 10-year follow-up, patients treated with
B-blockers had a better outcome with no effects as
regards B1-selective drugs (53%) versus B1-B2 blockers
(47%) and that survival improved in parallel with
B-blocker dose increase (Figure 3).%*

New studies are still needed regarding the dangerous
liaison between atrial fibrillation and heart failure: first,
on the effects of sinus rhythm restoration on exercise
performance, drugs, treatment and prognosis; similar-
ly, different rate control strategies in atrial fibrillation
heart failure patients.
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