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A B S T R A C T   

The rates of atrial fibrillation (AF) and heart failure with reduced ejection fraction (HFrEF) continue to grow with 
many patients suffering from their combined impact on quality of life and prognosis. 

A lower heart rate (HR) in HFrEF is associated with reduced morbidity and mortality due to beta-blocker and 
ivabradine therapy. Postulated mechanisms include reduced neurohumoral activation, increased diastolic filling 
time and myocardial energy conservation. In contrast, the landmark randomised controlled non-inferiority RACE 
II trial demonstrated that a lenient rate control strategy (target HR <110 beats per minute [bpm]) was more 
attainable and safer than a strict rate control strategy (resting HR <80 bpm) in permanent AF. Physiologically, a 
higher HR is needed to compensate for the lost ‘atrial kick’ that contributes to the cardiac output by coordinated 
atrial contractions in normal sinus rhythm. 

This leaves the not insignificant number of patients with HFrEF and AF in a conundrum over optimal HR 
control. Retrospective analyses of AF and HR control in landmark HFrEF trials (e.g. CHARM, PARADIGM and 
ATMOSPHERE) point towards better outcomes with a less stringent target HR. However, this association dis-
appears after adjustment for known prognostic markers in HFrEF, including left ventricular ejection fraction, 
New York Heart Association class and NT-proBNP levels. There is a clear need for dedicated randomised 
controlled trials, investigating rate control strategies in this increasingly large subgroup of patients. 

Regardless of rate control strategy, effective anti-coagulation and guideline-directed medical therapy must not 
be forgotten in the treatment of patients with HFrEF and AF.   

1. Introduction 

Atrial fibrillation (AF) and heart failure (HF) are two common 
heterogenous conditions with high morbidity and mortality rates [1–4]. 
The former is a supraventricular tachyarrhythmia, characterised by 
uncoordinated atrial electrical activity and subsequent ineffective atrial 
contractions [3,4]. The latter describes a clinical syndrome, whereby 
cardiac structural and functional abnormalities, the final common 
pathway of diverse cardiac diseases, lead to signs and symptoms of 
congestion. Heart failure with reduced ejection fraction (HFrEF) is HF, 
caused by impaired left ventricular systolic function with an ejection 
fraction ≤40 % [1,2]. 

The European Society of Cardiology (ESC) and American Heart As-
sociation (AHA) estimate that 1 in 3 and 1 in 4 will develop AF and HF 
respectively [1–4]. AF and HF frequently coexist as they share risk 

factors and drive the other's disease progression through an interplay of 
structural, electrical and neurohumoral changes [5–8]. These include 
increased intracavity pressures, dilatation of the chambers and upre-
gulation of the renin-angiotensin-aldosterone (RAAS) and sympathetic 
nervous systems, producing substrates for irregular conductions and 
ultimately a reduced cardiac output (Fig. 1) [ 5–8]. The most recent 
National Heart Failure Audit (NHFA) on HF hospitalisations in the 
United Kingdom reported an AF prevalence of 40 % in patients with 
HFrEF [8]. A diagnosis of both predicts a worse prognosis than each 
condition alone through direct disease effects and their association with 
other poor prognostic markers [5–8]. 

Together with effective anti-coagulation, rate and rhythm control 
form the pillars of AF management. Similar to the RACE I and AFFIRM 
trials in patients with persistent, recurrent AF in the absence of HF, the 
randomised controlled trial (RCT) AF-CHF demonstrated that rate 
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ventricular ejection fraction; HR, heart rate; SR, sinus rhythm; NT-proBNP, N-terminal prohormone of brain natriuretic peptide. 
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control was at least non-inferior to electrical and medical rhythm control 
in patients with AF and HFrEF [9–11]. HFrEF patients are often also 
frailer and have underlying coronary artery and renal disease, putting 
them at greater risk of life-threatening tachy- and brady-arrhythmias 
with rhythm control drugs (e.g. amiodarone and flecainide) and com-
plications in ablation procedures (e.g. cardiac tamponade and major 
bleeding) [12–14]. 

Recent advances in catheter ablation technology have led to a 
renewed interest in early rhythm control of AF [12–17]. The beneficial 
treatment effect in the subgroup of AF patients with HFrEF remains 
uncertain. In the intention-to-treat analysis of CASTLE-AF, 51/179 
(28.5 %) and 82/184 (44.6 %) HFrEF patients with AF treated by 
ablation and pharmacotherapy respectively experienced the primary 
composite endpoint of death from any cause or hospitalisation for 
worsening HF [14]. The fragility index, a measure of the trial's statistical 
robustness, was 11. This means that only half of the 23 patients treated 
by ablation and lost to follow-up needed to meet the primary composite 
endpoint to make the results insignificant [14,15]. In the other landmark 
trial CABANA comparing catheter ablation to pharmacotherapy, only 
approximately 1/3rd had HF and of those, less than one tenth had 
HFrEF, making any conclusion tenuous at best [16,17]. A recent AHA 
Scientific Statement argues in favour of non-pharmacological rhythm 
control of AF in HFrEF [18]. However, a decision to pursue this strategy 
has to carefully take into account patient co-morbidities, New York 
Heart Association functional class (NYHA), left ventricular ejection 
fraction (LVEF), ventricular and atrial scar burden as well as duration 
and burden of AF [18,19]. 

A more equitable and attainable treatment strategy may be rate 
control. The purpose of this article is to review the existing literature on 
optimal heart rate (HR) control in HFrEF and AF. The prognostic sig-
nificance and treatment targets of HR are examined in HFrEF and AF 
separately, including a forensic analysis of the RACE II trial before HR 
control is examined in patients with both HFrEF and AF. 

2. The story of HFrEF and sinus rhythm 

Observational studies in HF and cardiovascular disease cohorts show 
an association between stricter HR control (i.e. <70 beats per minute 
[bpm]) in sinus rhythm (SR) and reduced all-cause and cardiovascular 

deaths and hospitalisation for HF [20–23]. More importantly, two rate- 
lowering drug classes, beta-blockers (BB) and ivabradine have proven 
efficacy in improving outcomes in patients with HFrEF and SR. In a 
meta-analysis of 11 randomised, placebo-controlled HFrEF trials that 
included 14,166 patients in SR, BB treatment reduced their mortality by 
27 % irrespective of baseline HR. [24] Conversely, a lower pre- 
medication baseline HR was also associated with a better prognosis, 
suggesting that tighter HR control directly alters the progression of HF 
[24,25]. Reasons may include lower neurohumoral activation and stress 
response, augmented coronary blood flow during longer diastole, 
myocardial energy conservation and improved force-frequency me-
chanics in the myocardial cell (Bowditch effect) [25]. 

Ivabradine is a drug that reduces HR by acting solely on the sodium 
current If in the sinoatrial node. In the SHIFT trial, 6558 HFrEF patients 
on optimal pharmacotherapy were randomised to ivabradine or placebo 
treatment [26]. Ivabradine led to an 18 % relative reduction in the 
primary outcome of cardiovascular death and HF hospitalisation, which 
correlated with an average HR reduction of 11 bpm. This benefit was 
seen despite approximately 90 % of patients receiving BB [26]. Stricter 
HR control may directly improve outcomes in patients with HFrEF and 
SR. 

3. Lessons from RACE II 

AF with rapid ventricular response impairs cardiac function at a 
cellular, physiological and clinical level, leading to a tachycardiomy-
opathy in some cases [27,28]. Its management was historically based on 
stringent rate control [29]. The randomised controlled non-inferiority 
RACE II trial investigated the optimal rate control strategy in patients 
with permanent AF by comparing lenient HR control (resting HR <110 
bpm) to strict HR control (HR <80 bpm at rest and <110 bpm on ex-
ercise) in 311 and 303 patients respectively [30,31]. Overall, 287/614 
(46.7 %) had HF, including 93/287 (32.4 %) with HFrEF [32]. Any 
observations are therefore hypothesis-generating at best in patients with 
AF and HFrEF. Table 1 summarises the trial. 

3.1. Stricter does not mean better HR control 

After a maximum 3-year follow-up, lenient rate control was non- 

Fig. 1. The shared and synergistic pathophysiology of heart failure and atrial fibrillation. APD indicates action potential duration; RAAS: renin-angiotensin- 
aldosterone system. 
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inferior to strict rate control with 38/311 (12.9 %) and 43/303 (14.9 %) 
reaching the primary endpoint respectively [30]. The absence of sig-
nificant treatment differences may be explained by a broad primary 
endpoint that included cardiovascular death, HF hospitalisation, stroke, 
systemic embolism, major bleeding, arrhythmic events, adverse effects 
of rate control and cardiac device implantation. One third of events in 
both arms was due to major bleeding, which is less related to rate control 
and more to warfarinisation [30]. The difference in average HR ach-
ieved in both groups was also relatively small. Only 1/5th of patients 
had a leniently controlled HR 100-110 bpm and a strictly controlled HR 
<70 bpm respectively [30]. 

The risks of strict rate control may simply outweigh any perceived 
benefits. In the strict rate control arm, 100/303 (33.0 %) did not achieve 
their target HR; 53/100 (53.0 %) already had well-tolerated symptoms 
without intensified rate control and 25/100 (25.0 %) failed to reach the 
target HR due to rate control drug-related adverse events [30]. In AF, 
firstly, a faster HR may be needed to compensate for the lost atrial ‘kick,’ 
impaired diastolic filling and reduced stroke volume and secondly, 
increased ventricular rates are reflective of better and therefore 
healthier atrioventricular node conduction [5,25,28]. In comparison, 
only 7/311 (2.3 %) patients with lenient rate control did not meet their 
target, pointing to a more realistic and safer therapeutic strategy [30]. 

3.2. Impact of HR on symptoms 

The outcome that patients understandably may consider most rele-
vant is the daily symptoms associated with AF. Strict rate control led to a 
greater absolute reduction in the number of patients with palpitations in 
comparison to lenient rate control (− 17.9 % vs. − 9.3 %) [30]. However, 
dyspnoea and fatigue, symptoms that are not specific to AF affected 
more patients than palpitations at baseline. In both groups, their burden 
was relatively unchanged after appropriate rate control with 1 in 4 still 
fatigued and 1 in 3 still breathless [30,33]. Both groups showed a 10 % 
reduction in overall symptom burden with every second person 
remaining symptomatic [33]. These improvements in quality of life 
were not associated with rate control, but instead with the presence of 
symptoms at baseline, higher baseline LVEF, and absence of co- 
morbidities [33]. 

A post-hoc subgroup analysis of the 287 (46.7 %) HF patients, 
including 93 (32.4 %) with HFrEF showed that the stringency of rate 
control did not alter their clinical outcomes [32]. Similar to the overall 
study population, HF patients were predominantly limited by dyspnoea, 
which was strongly associated with worse Minnesota Living with Heart 
Failure questionnaire scores, but not rate control [33]. In permanent AF, 
rate control may have little impact on the predominant symptom of 
breathlessness. 

4. Heart rate control in HFrEF with AF 

The impact of HR on outcomes for patients in AF without HF in 
comparison to patients in SR with underlying HFrEF is different. A lower 
HR in HFrEF is protective, but tighter rate control in AF may increase 
drug-related side effects without improved mortality or morbidity. This 
leaves patients with both conditions and their treating physicians in a 
conundrum (Fig. 2). 

4.1. Retrospective observations 

Previous observational studies, RCTs and meta-analyses in HFrEF 
can provide some, albeit limited insight into rate control of coexistent 
AF. Table 2 summarises the key studies. 

In a retrospective analysis of the CHARM (Candesartan in Heart 
Failure: Assessment of Reduction in Mortality and Morbidity) program 
that included HF patients with reduced and preserved ejection fraction 
(HFpEF), Castagno et al. examined the relationship between baseline HR 
and the endpoints, all-cause mortality and cardiovascular death or 
hospitalisation for worsening HF (Table 2) [34]. Of 7597 patients, 4576 
(60.2 %) had HFrEF and 1148 (15.1 %) had AF. Overall, patients, who 
were younger, female, current smokers, more hypertensive and diabetic 

Table 1 
Summary of RACE II trial [32].  

Method Description 

Type of study Prospective, multi-centre, randomised, open-label non- 
inferiority trial 

Patient selection Relevant inclusion criteria: Permanent AF for up to 12 
months, ≤80 years of age, current use of anti-coagulation  
Relevant exclusion criteria: NYHA class IV CHF or HHF in 
last 3 months, paroxysmal AF 

Intervention Lenient (<110) vs. strict (<80 at rest, <110 on exercise) HR 
control 

Combined primary 
outcome 

Death from cardiovascular causes, HHF, stroke, systemic 
embolism, major bleeding, arrhythmic events (syncope, 
sustained ventricular tachycardia, cardiac arrest), life- 
threatening adverse effects of rate-control drugs, and 
implantation of a PPM or ICD   

Results Lenient (n = 311) Strict (n = 303) 

Baseline demographics   
Months AF (median[IQR]) 16 (6–54) 20 (6–64) 
Prev. HF hospitalisation 28 (9.0) 32 (10.6) 
LVEF ≤40 % 45 (14.5) 48 (15.8) 
Symptoms 173 (55.6) 175 (57.8) 

Palpitations 62 (19.9) 83 (27.4) 
Dyspnoea 105 (33.8) 109 (36.0) 
Fatigue 86 (27.7) 97 (32.0)  

Rate control targets 
Target HR achieved 304 (97.7) 203 (67.0) 
Resting HR <70 bpm 1 (0.3) 67 (22.1) 
Resting HR >100 bpm 70 (22.5) 16 (5.3)  

Outcomes 
Combined primary 38 (12.9) 43 (14.9) 
Symptoms 129/283 (45.6) 126/274 (46.0) 

Palpitations 30/283 (10.6) 26/274 (9.5) 
Dyspnoea 85/283 (30.0) 81/274 (29.6) 
Fatigue 69/283 (24.4) 62/274 (22.6) 

AF indicates atrial fibrillation; HR: heart rate; NYHA: New York Heart Associ-
ation functional classification; CHF: congestive heart failure; HHF: hospital-
isation for heart failure; PPM: permanent pacemaker; ICD: implantable 
cardioverter defibrillator; LVEF: left ventricular ejection fraction. 

Fig. 2. The relative clinical risk of AF and HFrEF according to heart rate. AF 
indicates atrial fibrillation; HFrEF: heart failure with reduced ejection fraction; 
AV: atrioventricular; RVR: rapid ventricular response. 
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without a history of MI tended to have a higher resting HR. These pa-
tients also had a worse baseline LVEF, NYHA class and were more likely 
to have a history of hospitalisation for HF [34]. Many of these associa-
tions disappeared in the subgroup with AF at baseline [34]. Further-
more, in patients with HFrEF an increase in HR by 12 bpm was 
associated with a 6–7 % increased risk of reaching the above endpoints, 
irrespective of the use or dose of BB and other known prognostic markers 
(e.g. NYHA class and previous hospitalisation for HF). This relationship 
was not seen in patients with AF and a median EF 38 % [34]. 

The MAGGIC (Meta-analysis Global Group in Chronic Heart Failure) 
meta-analysis pooled individual patient data of 41,972 patients from a 
mixture of observational and small RCTs to compare the 3-year mor-
tality rates of HFrEF and HFpEF patients [35]. In a sub-study of 3259 
(15.3 %) patients with AF, there were 15.9 deaths per 100 patient-years 
in the highest HR tertile (>98 bpm) versus 18.9 deaths per 100 patient- 
years in the lowest HR tertile (<78 bpm) (Table 2) [35]. After adjust-
ment for known markers of prognosis in HFrEF, HR remained statisti-
cally significant as a continuous, but not categorical variable. A 10 bpm 
incremental increase in ventricular rate was associated with a 5 % 
relative reduced risk of death per year [35]. In a different prospective 
cohort study of 2039 patients with left ventricular systolic dysfunction 
(LVSD) and EF ≤50 %, 488 (24.0 %) AF patients had a similar 7 % 
relative risk reduction in all-cause mortality for every 10 bpm increase 
in baseline HR (Table 2) [20]. However, after adjustment for age, sys-
tolic BP, QRS duration, NYHA class, and BB use, HR was not significantly 
associated with survival [20]. Contrary to rate control in HFrEF with 
underlying SR, a more lenient strategy may cause less harm and in fact 
be beneficial in HFrEF with AF. 

In a pooled analysis of 3449 HFrEF patients with AF and a median EF 
30.6 % from the PARADIGM-HF and ATMOSPHERE trials, Docherty 
et al. also examined the impact of baseline HR and change in HR after 12 
months on clinical endpoints (Table 2) [25]. These included the com-
posite of cardiovascular death and HF hospitalisation, sudden death, 
pump failure death and all-cause mortality. On univariate analysis, the 
only endpoint that differed between HR tertiles was risk of pump failure 
death; it was greatest in patients in the lowest HR tertile (HR ≤72 bpm) 
[25]. However, similar to previously described studies, any association 
between HR and said endpoints disappeared after adjustment for 
established prognostic markers, including N-terminal prohormone of 
brain natriuretic peptide (NT-proBNP) [25]. Although a higher baseline 
HR seems favourable in HFrEF patients with AF, further increases in HR 
after 12 months of treatment tended to increase symptoms, NT-proBNP 
levels, HF hospitalisation and mortality [25]. 

4.2. Beta-blockers and digoxin 

Beta-blocker therapy is a cornerstone in the pharmacological man-
agement of HFrEF, improving morbidity and mortality through various 
pathways including a reduced HR. [24] As it is also one of three 
commonly prescribed chronotropic drug classes to improve rate control 
in AF, BB should be an ideal therapeutic agent for HFrEF patients with 
AF [3,4,29]. This was clarified in a meta-analysis of AF sub-studies from 
four RCTs comparing BB therapy to placebo in HFrEF [36]. From an 
original 8680 patients, 1677 (19 %) had AF, of whom 842 and 835 were 
randomised to BB and placebo respectively. BB therapy had a mortality 
risk odds ratio (OR) of 0.86 with a relatively large 95 % confidence 
interval (CI) of 0.66 to 1.13 and an even less favourable HF hospital-
isation OR of 1.11 (95 % CI 0.85–1.47) [37]. In HFrEF patients with AF, 
BB seems to have a disappointingly neutral effect on clinical outcomes 
[36,37]. 

Two small RCTs investigated the combined and differential effect of 
BB and digoxin therapy on HR control, LV function and symptoms in 
patients with AF and HF [38,39]. The earlier trial was conducted in two 
phases and recruited 47 patients with HF (43 had LVEF <40 %) and AF 
treated with digoxin [38]. First, patients were randomised to carvedilol 
or placebo for 4 months and after the withdrawal of digoxin in the 

combined therapy group, patients were treated with either carvedilol or 
digoxin over the next 6 months. The addition of carvedilol to digoxin 
improved rate control, LVEF and symptoms [38]. Importantly, the 
subsequent stopping of digoxin led to a drop in LVEF and worsening of 
symptoms, contradicting previous neutral findings of digoxin therapy in 
HFrEF [38,40]. In a more recent study of 160 patients in permanent AF 
with symptoms of HF, there was no significant difference between 
digoxin and bisoprolol therapy in overall patient reported quality of life 
at 6 months [39]. However, after 12 months, patients on digoxin had 
significantly better scores in certain domains of the 36-Item Short Form 
Health Survey (SF-36). The trial was not powered for this secondary 
analysis and LVEF was not part of the inclusion criteria [39]. The Digit- 
HF trial will re-examine the role of digoxin and other cardiac glycosides 
in HFrEF, including in the subgroup of patients with coexistent AF [41]. 

5. Treatment targets on HFrEF-AF axis 

Effective anti-coagulation in AF and guideline-directed medical 
therapy in HFrEF must be remembered in the treatment of patients with 
both conditions [1–4]. Fig. 3 summarises the important treatment tar-
gets. To treat AF in the context of HFrEF the most recent AHA guidelines 
do not specify a target HR while current ESC guidelines recommend a 
leniently controlled resting HR target of <110 bpm in line with the 
limited evidence from the RACE II trial [2,30,32]. However, if there is a 
deterioration in symptoms or worsening LVEF, stricter HR control may 
be considered [2,4]. 

5.1. Impact of AF on HFrEF 

In patients without LV systolic impairment, rhythm and rate control 
of AF improve outcomes when used in appropriate circumstances 
[10–16,30]. However, underlying HFrEF likely changes the role of AF as 
a disease and treatment substrate, explaining why the already weak 
association between HR control and clinical outcomes becomes insig-
nificant when adjusted for known markers of prognosis in HFrEF (e.g. 
LVEF, NT-proBNP levels, NYHA class, medications, etc.) [20,25,34,35]. 
Similar to fluid overload, the state of permanent or persistent AF is 
perhaps more a marker of being in cardiac failure and less a disease- 
modifying treatment target in HFrEF. A reasonable HR range may help 
control symptoms, but not improve clinical outcomes [30–34]. The 
RACE II trial was only powered to test for non-inferiority of lenient 
versus strict HR control on clinical outcomes in patients with AF. 
Currently underway, the DanAF trial will investigate which strategy is 
superior, using symptoms as the primary outcome [42]. 

In contrast, HFrEF patients with paroxysmal or new-onset AF were at 
higher risk of hospitalisation and stroke than patients without AF or with 
permanent/persistent AF in a combined retrospective analysis of the 
PARADIGM-HF (sacubitril-valsartan vs. enalapril in HFrEF) and AT-
MOSPHERE trials (aliskiren vs. enalapril vs. combined therapy in 
HFrEF) [43]. This was observed despite greater phenotypic similarity 
between patients in the AF subgroups versus patients without AF. 
Characteristics included LVEF, NT-proBNP level and NYHA class [43]. In 
a post-hoc analysis of the AF subpopulation in the COMET trial (carve-
dilol vs. metoprolol in HFrEF), a similar pattern was observed [44]. The 
haemodynamic instability and increased risk of stroke during the onset 
of AF may be more important than the long-term state of AF in HFrEF 
patients [43,44]. Effective anti-coagulation remains paramount. Cath-
eter ablation strategies to prevent paroxysms of AF precipitating 
decompensated HF may also have an important role to play (Fig. 3) 
[18,19]. 

5.2. Impact of new HF pharmacotherapy on AF 

If chronic AF is a marker of worsening cardiac failure in patients with 
HFrEF, then guideline-directed HFrEF medical therapy as well as the 
treatment of the underlying cause of LV systolic dysfunction remain the 
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Table 2 
Overview of previous studies that investigated heart rate control in HFrEF patients with underlying AF [9,29,38,39].  

Lead author Type of study Total 
cohort (n) 

Patients w/ AF n(%) Patients w/ 
HFrEF n(%) 

Heart rate 
tertiles 

Variables in multi-variate analysis Principle findings 

Castagno et al. 
2012 [34] 

Retrospective analysis of 
CHARM programme 

7597 1148 (15.1) 4576 (60.2) T1 60 
(57–64)a 

T2 72 
(70–74)a 

T3 84 
(80–90)a 

Age, LVEF, diabetes, prev. HF hospitalisation, NYHA, BMI, diastolic BP, 
sex, cardiomegaly, candesartan use, BB use 

HFrEF 
Mortality HR 1.06 
(1.02–1.10) 
CVD/HHF HR 1.07 
(1.03–1.10) 
AF 
Mortality HR 0.97 
(0.90–1.05) 
CVD/HHF HR 0.95 
(0.89–1.02) 

Simpson et al. 
2015 [35] 

Sub-study of MAGGIC meta- 
analysis 

21,361 3259 (15.3) [2910 in 
multivariate analysis] 

2285 (10.7) T1 < 78 
(32–77) 
T2 78–98 
T3 > 98 
(99–180) 

Age, sex, LVEF, ischaemic aetiology, HTN, diabetes, BB use Heart rate nominal variable 
Mortality HR T1 1.00 
T2 0.96 (0.83–1.19) 
T3 0.81 (0.72–1.03) 
Heart rate numerical 
variable 
Mortality HR 0.95 
(0.92–0.98) per 10 bpm 
increase 

Cullington et al. 
2014 [20] 

Prospective cohort study 2039 488 (24.0) 2039 (100.0) 
[LVEF <50] 

Per 10 bpm 
increase 

Age, weight, QRS duration, systolic BP, NYHA, IHD, BB use Univariate analysis 
Mortality HR 0.93 
(0.88–0.99) 
Multivariate analysis 
Mortality HR 0.94 
(0.88–1.00) 

Docherty et al. 
2019 [25] 

Retrospective analysis of 
Paradigm & Atmosphere RCTs 

13,562 3449 (25.4) 13,562 
[100.0] 

T1 ≤ 72 
T2 73–85 
T3 ≥ 86 

Age, sex, race, region, NYHA, LVEF, IHD, systolic BP, BMI, eGFR, HF 
duration & hospitalisation, diabetes, stroke, digoxin use, BB use, 
amiodarone use, NT-proBNP 

Univariate analysis 
Pump failure death HR T1 
1.0 
T2 0.67 (0.47–0.97) 
T3 0.67 (0.46–0.96) 
Multivariate analysis 
Pump failure death HR T1 
1.0 
T2 0.76 (0.52–1.11) 
T3 0.85 (0.58–1.25) 

AF indicates atrial fibrillation; HFrEF: heart failure with reduced ejection fraction; LVEF: left ventricular ejection fraction; HF: heart failure; NYHA: New York Heart Association functional classification; BMI: body mass 
index; BP: blood pressure; BB: beta-blocker; HR: hazard ratio; CVD: cardiovascular death; HHF: hospitalisation for heart failure; HTN: hypertension; IHD: ischaemic heart disease; RCT: randomised controlled trial; eGFR: 
estimated glomerular filtration rate; NT-proBNP: N-terminal pro b-type natriuretic peptide. amedian(IQR). 
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cornerstones of treatment (Fig. 3). In the CAN-TREAT algorithm for the 
management of HFrEF and AF, Kotecha et al. emphasise the importance 
of RAAS inhibition and treating other underlying cardiovascular disease 
[5]. 

In contrast to BB therapy, RAAS inhibition is associated with a 
reduced risk of cardiovascular death and hospitalisation for HF in pa-
tients with HFrEF and AF from meta-analyses and post-hoc subgroup 
analyses of RCTs [45–48]. These agents include angiotensin-converting 
enzyme inhibitors (ACEi), angiotensin II receptor blockers (ARB), 
mineralocorticoid receptor antagonists (MRA) and the relatively newer 
agent, sacubitril/valsartan, which also has a neprilysin inhibitor. This 
group of medication may also prevent the onset of AF in patients with 
HFrEF by 48 %, potentially limiting episodes of arrhythmia-induced HF 
decompensation [45–48]. Postulated mechanisms include a reduction in 
left atrial size, fibrosis and hypertrophy (Fig. 3) [45–48]. 

Two further drug classes that reduce morbidity and mortality in 
HFrEF, including AF subgroups are the sodium glucose co-transporter 2 
inhibitors (SGLT2i) and soluble guanylate cyclase receptor stimulator (e. 
g. vericiguat) [2,49,50]. With less haemodynamic and blood pressure 
effects, these drugs improve myocardial metabolism and reduce oxida-
tive stress respectively [51]. Although their beneficial effects are 
maintained across the different AF subgroups, their impact on AF inci-
dence remains unclear [52–55]. A post-hoc subgroup analysis of the 
DAPA-HF trial, comparing dapagliflozin to placebo in HFrEF did not 
show any impact on AF incidence, however, a larger meta-analysis of 
different SGLT2i trials in HF showed a 37 % relative risk reduction in AF 
incidence [54,55]. The anti-arrhythmic effects of SGLT2is may include 
the shift to ketogenic metabolism and stabilisation of the Na+/H+

exchanger 1 (NHE1) ion channel in cardiac myocytes [55]. 

6. Knowledge gaps 

To help answer the question of optimal HR target or range in patients 
with HFrEF and AF the following are recommendations for future 
research.  

1. The mechanisms underlying the development and progression of AF 
in HFrEF need further study.  

2. The impact of the different subtypes of AF on patients with HFrEF 
needs further investigation at a cellular, haemodynamic and clinical 
level.  

3. Large randomised controlled trials comparing different rate control 
strategies in well-phenotyped groups of patients with HFrEF and AF 
are needed. 

7. Conclusion 

AF and HFrEF are likely to dominate healthcare and cardiology 
services. We know that patients with both diagnoses do worse, yet 
treatment options for symptomatic and prognostic benefit are limited. 
Effective anti-coagulation and guideline-directed medical therapy 
remain the foundation of treatment in patients with both conditions. HR 
is an important therapeutic target in each condition separately. Barring 
destabilising fast ventricular responses, patients in AF fare better with a 
more lenient rate control strategy. Conversely, a lower HR is a positive 
prognostic marker in HFrEF. From the limited available evidence of 
post-hoc analyses of RCTs, meta-analyses and observational studies the 
effects of HR and its treatment seem to be different in patients with 
HFrEF and AF. The impact and treatment of this important physiological 
parameter need to be further investigated in patients with HFrEF and 
AF. 
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Fig. 3. Treatment targets on the HFrEF-AF axis, 
including guideline-directed medical therapy, 
anticoagulation, catheter ablation and rate con-
trol. AF indicates atrial fibrillation; HFrEF: heart 
failure with reduced ejection fraction; AVN: 
atrioventricular node; CRT: cardiac resynchro-
nisation therapy; SGLT2i: sodium glucose co- 
transporter 2 inhibitor; ACEi: angiotensin- 
converting enzyme inhibitor; ARB: angiotensin 
II receptor blocker; MRA: mineralocorticoid re-
ceptor antagonist; ARNI: angiotensin receptor- 
neprilysin inhibitor; APD: action potential dura-
tion; RAAS: renin-angiotensin-aldosterone 
system.   
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G. Howlett, S.E. Inzucchi, M.N. Kosiborod, F.A. Martinez, J.C. Nicolau, M.C. Petrie, 
P. Ponikowski, O. Bengtsson, A.M. Langkilde, M. Schou, M. Sjöstrand, S. 
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