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Abstract
Heart failure and atrial fibrillation are two syndromes regularly encountered in clinical practice. They often evolve together interrelated each other and leading to a poor prognosis.

The AF treatment objectives on the HF patients are not only those known for any type of atrial fibrillation (the symptoms control, the prevention of systemic thromboembolism and tachyarrhythmic cardiomiopathy), but also some specific ones. Anticoagulation decreases the risk of thromboembolic events, especially of stroke.

The new AF European Guidelines recommends that all patients with HF and permanent or paroxystic symptomatic/ prolonged AF should receive OAC therapy.

The specific objectives of AF treatment for patients with HF are the decrease of morbidity and mortality, decreased hospitalization and the progression of HF and arrhythmias recurrence.

Their implementation is done through two strategies: rate control and rhythm control. Both strategies use pharmacological and non-pharmacological means. The existing studies reveal that there is no difference between them related to mortality and morbidity. The rate control is achieved through administration of beta-blockers and digoxin, and if this method is unsuccessful, atrioventricular node ablation and multisite pacing will be performed.

The rhythm control is achieved after restoring SR by DC/chemical cardioversion with amiodarone, and in case of failure, the catheter ablation will be performed. Few clinical studies show that the rhythm control through ablation decreases the mortality for patients with AF and HF.
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Introduction 
The heart failure (HF) and the atrial fibrillation (AF) are the most frequent syndromes occurring in cardiovascular pathology. Prevalence of AF at general population is -4 %, increasing with the age to 9-10% at the elderly(1,5). The REACH registry reports a prevalence of 10,2% at patients with atherotrombotic diseases (2). In case of patients with HF, the prevalence of AF varies between 10 and 50%, increasing with the severity of heart failure (1.45). In the study concerning epidemiological characteristics of patients with HF hospitalized in the Romanian hospitals, the HF prevalence was 47%(6). The two syndromes often occur together; development of a syndrome in the presence of the other leads to a worse prognosis(4). 
The sequence of occurrence is different: the AF can precede the HF, can occur at the same time with it or can develop during its evolution. 
The arterial fibrillation and the heart failure have common risk factors and pathophysiological correlated to each other, between these pathological entities creating a vicious circle (figure no. 1)(7). The structural remodelling by atrial enlargement (fibre drag) and neurohormonal activation of HF produces atrial electric remodelling. Under the conditions of a sensitive sub-layer (atrial fibre drag, 
fibrosis), causes in its turn electro-mechanical remodelling with impact upon contractility. The three types of remodelling (structural, electrical and contractile) create self-conservation loops, inter-conditioning and worsening each other (figure no. 2)(7,40,47).
The question arises “which is the impact which AF has upon the evolution and prognosis of HF” on one hand, and “how does the HF influence the atrial fibrillation” on the other hand. 
There are studies which show that AF is a bad outcome factor, increasing cardiovascular mortality and morbidity (table no. 1). 

The mechanisms through which AF, as an independent factor, increases morbidity and mortality in HF remain mostly unknown(9). The following are incriminated: the proarrhythmic effect of AF on the ventricle, the negative influence upon the ventricular function(9,14), each in its term having several determinants. 
● The proarrhythmic upon the ventricle would be due to the neurosplanchnic dysfunction and especially the sympathetic hyperactivity and alteration of beno-receptors(14,9). The arrhythmic risk can also be increased by the effect of irregularity of ventricular rhythm(9,16) with a consequence upon the ventricular electrophysiology. 

● The negative influence upon the systolic and diastolic ventricular function through the effect of inducing trachy- arrhythmic cardiomyopathy is due to the detraction of diastole due to the increased heart rate, loss of synchronized atrial contraction required for ventricular filling, high ventricular frequency, irregularity of R-R interval length, loss of atrioventricular synchronism, with negative hemodynamic effects of DV decrease and increase of filling pressure(14,15,16). 
Objectives of AF treatment at the patients with heart failure 

Under the conditions of patient with HF, the objectives of AF treatment can be sheared into joint objectives for all forms of atrial fibrillation and specific objectives. 

A) Joint objectives:
- Control of symptoms;

- Prevention of systemic thromboembolism and mainly the cerebrovascular accident; 

- Prevention of tachycardiomyopathy;

B) Specific objectives:

- Decrease of morbidity and mortality rates;

- Decrease of hospitalization;

- Delay of progression of heart failure and reduction of AF recurrence.

    ● Symptom control remains one main objective of AF therapy also at the HF patient. Regardless if it is about acute decompensation which it produces, or aggravation of non-cardiac symptoms at the patients with HF and comorbidities, the AF treatment leads to improvement of symptoms of congestion and decrease of cardiac output, as well as symptoms of comorbidity. 
    ● The antithrombotic treatment. The heart failure is a protrhrombotic clinical condition. The mechanisms which determine this condition are complex: teaming, neurohormonal dysfunction and inflammation. Favouring of occurrence of intracardiac thromboses (atria left auricle) of AF add to these. That is why, concomitant HF and AF increase the systemic thromboembolism risk, especially the cerebral one(3,11,17,18). The thromboembolism risk can be reduced by administration of oral anticoagulants. 

Several clinical studies(3,21,22,23) have shown a higher frequency of thromboembolism events. The embolic cerebrovascular accidents at patients with HF are high (2-28%) when compared to the healthy persons. The risk is higher at women and increases with the severity of systolic dysfunction. Anticoagulation leads to significant decrease of this risk. 
The ad-hoc analysis of subgroups of patients of HF studies provided information on the thromboembolism risk at patients with AF and HF. The results are arguable, as these studies had not been conceived for this purpose. Anyway, almost half of studies show that presence of permanent AF at patients with HF leads to increase of thromboembolism incidents as compared to those with SR(11,17,24). Other studies (3,25,26) show that there is no difference between the stroke incidence at people with AF as to people with SR. 
The anticoagulation recommendations at patients with HF and AF from the AF Guides(28,29) are more diversified and more practical than those in the HF Guides (3). According to the European AF Guide, the anticoagulation recommendation with OAC is justified at the patients with AF and HF, regardless of the thromboembolism risk scale used (CHADS2 or CHA2DB2 VASc)(29).
All patients with permanent AF and HF plus another risk factor shown by the thromboembolism risk scales used will receive OAC treatment. The benefits brought by decreasing the embolic cerebrovascular accident exceed any bleeding risk which, still, must be always calculated(29). The same recommendation is valid for the patients with HF and symptomatic paroxysmal AF and/or AF extended long enough as to be recorded by EKG plus another thromboembolism risk factor. 
Presently, from the risk-reward ratio point of view, it is not clear enough if patients with HF and short-term paroxysmal AF, asymptomatic, must be anticoagulated with OAC(3,29).

Although there is no clear support in the new European AF Guide at the patients with HF and AF who refuse OAC or do not have the possibility of INR monitoring, the antithrombotic treatment with the Aspirin Plus Clopidogrel could be an acceptable solution, as proven by the ACTIVE(30) study. 

Presently, there is an alternative to oral anticoagulant treatment from the cumarins class at patients who have this indication, but are afraid of the risk of bleeding. Recently, approval was given for use in the treatment for prevention of thromboembolism accidents of FA DABIGATRAN in a dosage of 110 mg x twice daily or 150 mg x twice daily which, in the RE-LY(31) study, was proven not to be inferior to titrated Warfarin at the dosage which leads to INR 2-3.
As for the risk-reward ratio of DABIGATRAN, the dosage of 150 mg x twice daily is superior to warfarin in point of decrease of embolic cerebrovascular accident, having the same bleeding risk(32).
The non-pharmacological means of prevention of systemic thromboembolism risk consist in the surgical ligature of left auricle, a surgical intervention used very frequently in the period of valvular surgery. At the same time, occlusion of left auricle with a “small umbrella” performed through an intervention may decrease the embolic risk. These indications are not well-specified. Apparently, they are reserved to the patients with a high cerebral thromboembolism risk who have counter-indications for the anti-thrombotic medication(33,34). 

● Prevention of tachyarrhythmic cardiomyopathy. The experimental studies on animals have shown that the rapid ventricular pacing may lead to the ventricular dysfunction in 24 hours. The significant deterioration of VS function occurs after 3-5 weeks of tachyarrhythmia(18,19). Recovery of VS function starts rapidly, 48 hours after end of rapid rhythm and continues for 1-2 weeks(18,19). In case of patient with HF and AF, the long periods with rapid AV can also lead to deterioration of VS function. Severity and duration in which these set in vary from person to person(18). Control of ventricular frequency / SR recovery as quickly as possible can prevent set up of tachyarrhythmic cardiomyopathy. Once the tachyarrhythmic cardiomyopathy set up with heart failure, the aggressive control of AV or the electric conversion and maintenance of SR are urgent indications. Prevention of recurrences of AF with rapid AV is important at this category of patients as they have a high risk of sudden death with each recurrence of rapid AV(20). 

The specific objectives of AF treatment at the patients with HF are: decrease of mortality and morbidity rates, decrease of hospitalization and delay of progress of heart failure and AF recurrence. Reaching them is essentially achieved by two strategies: control of ventricular frequency and re-establishing of SR and rhythm control(5,9,18,35,36,37,38,39,40). Each of the strategies employs pharmacological and non-pharmacological means. 

The treatment which concerns the physiopathological sub-layer of arrhythmia adds to these two strategies which mainly regard arrhythmia through the means which concern correction of electrophysiological mechanisms. It is the so called “up-stream therapy a FA”, which employs beta-blockers, conversion anti-enzyme / angiotensin receptor blockers, mineral-corticoid receptor blockers. These drugs pursue correction of modulating factors of producing arterial fibrillation(5,30,41,42,43).  The therapy with statins mainly pursues reduction of fibrosis, inflammation(40,45,46) and, not the least, has an anti-ischemic effect. 
● Control of heart frequency heart rate. 

In current practice, intuition tells us that frequency control is a strategy more facile, reasonable and acceptable at more patients with AF. The same intuition makes us think that SR recovery and its maintaining brings hemodynamic benefits by recovery of atrioventricular synchronism, normalizing of frequency and contribution of atrial contraction to normalization of ventricular filling(48). 
Figure no. 3 shows the AF management at the patient with HF, synthetically. The optimal treatment of pharmacological HF and, according to the indication, the one with devices is an integrating part of patient’s management who also has AF. The two anthemia treatment strategies use both pharmacological means and devices. 
The control strategy of ventricular frequency

At the patient with AF and HF, the combination of digoxin and beta-blockers proved to be the most efficient and the most used method to control the frequency(9,29,30,37,38,43,47,48,49,50,51,52). The blockers of Ca2+ non-dihydropiridinic Ca2+ channels (verapamil, diltiazem), although controlling the ventricular frequency in AF, are counter-indicated at the patients with systolic VS dysfunction because of the negative inotropic effect(53). The amiodarone, although efficient in frequency control, because of secondary effects especially tiroidal, will be used after the failure of combination beta-blocker +digoxin(48).
The frequency control (relaxation AV ~80b/min and effort AV: the walk test 6 min ~ 110 b/min) was proven efficient at most of patients (in AFFIRM only at 5% the frequency target was not reached(50)). At some of the patients, the pharmacological therapy for frequency control fails. 
The AV node ablation and the ventricular pacing represent the recommended non-pharmacological alternative(29).  Two relatively small studies performed in Australia(54) and Italy compared the control of cardiac frequency achieved by pharmacologic means with the one achieved by ablation of AV node and found no difference in point of effort tolerance, ejection ratio and control of symptoms after 12 months of care (47,55). 
The risk of effect of any desynchronization by activation VVI was tested in two other studies in which the results of AV node ablation and the pacing performed in VD with biventricular activation(56,57) were compared. The results were discordant. In the European OPSITE (56) study, after 3 months of care, the benefits of multisite activation were not superior to those achieved by standard activation in VD. In the PAVE (57) study performed on 184 patients, effects were reported after 6 months superior of biventricular activation at the effort tolerance and on FE of VS. No differences in mortality were mentioned between the two studies. 
The rhythm control strategy implies recovery and maintaining of sinus rhythm. Both the SR conversion and its maintaining are achieved by pharmacological and non-pharmacological means. 
In the heart failure there is a high risk of ventricular arrhythmia due to the myocardial vulnerability, at electrolytic failure, especially induced vulnerability, to electrolytic failure, especially hypopotasemy induced by diuretics to proarrhythmic risk of anti-arrhythmic medication; it is presently admitted that only amiodarone is recommended for both SR conversion (class I c indication) and for its maintaining (class II a indication, evidence level B (29)).
The CHF-STAT study included 667 patients with heart failure, with systolic dysfunction, of which 103 also had AF at registering. These subjects were randomized to receive amiodarone versus placebo. The percentage of patients who converted to SR was significantly higher than the percentage of patients receiving placebo (31.3% vs. 7.7%; p=0.002). Those converted to SR had a better survival rate as compared to those remaining in AF (p=0.04). The new AF percentage was lower (4,1%  vs. 8,4%; p=0.005), and the torsades occurred at 1% (48.58). Long-term administering of amiodarone has visceral secondary effects (thyroid, liver and lung); occulation and tegumenting which may lead to stopping of treatment. 
The new anti-arrhythmic agent of class III dronedarone has a superior effectiveness to amiodarone, without its thyroid effects. Its administration to patients with AF and HF has indication at those with HF class I and II NYHA, stable (recommendation class II of C evidence level) being firmly counter-indicated to those with HF class III and IV(29)..
The failure of pharmacological treatment in maintaining SR at the subjects with HF and AF converted to SR leads to employment of non-pharmacological means: catheter ablation or the surgical solution (COX-MAZE procedure).
In the latest 5-6 years, the catheter ablation of pulmonary veins and/or at the SA level has become a widely spread technique applied to subjects with symptomatic AF but without HF. As for ablation at the patients with AF and HF, the data are limited. Between years 2004 and 2009, 6 studies were conducted which included 289 subjects with paroxysmal/preserving AF and HF, with FE between 28-40%. At the patients of 4 studies, the technique used was ablation of pulmonary veins, and at the other two techniques the combination of SA and PV ablation. The tracing period was between 6 and 20 months. The reported results were the following: maintaining the SR at the patients of two studies in a percentage of 50-60% without association of antiarrhythmics (62,64). At the other 4 studies, maintaining the SR for one year varied between 57% and 72% without antiarrhythmics and between 78% and 90 % by adding antiarrhythmics(59,60,61,63,47). The accident rate varied around 3,1%(59,60).
The surgical treatment of AF is based on the hypothesis that maintaining and perpetuation of AF is due to multiple re-entry circuits from the atrial walls(48). The CX-MAZE surgical intervention consists in making several sections at the level of atrium, cutting thus the re-entry circuits(48,65). Restoration and keeping the SR away from the procedure varies between 70-95%(48). For the AF and HF patients there is only one retrospective study which showed that the COX-MAZE procedures produces at 37 of the patients enlisted for 48 months, an improvement of ventricular volumes and function(66). The main indication of COX-MAZE procedure is represented by the failure or intolerance of antiarrhythmic medication at the patients who have an indication of valvular surgical correction or an indication of myocardial revascularization(48). In spite of the excellent long-term results(5,48), the COX-MAZE procedure is occasionally performed on patients with AF and HF. 
● Control of rhythm versus control of frequency at the patients with AF and HF.

Application of the two therapeutical strategies with pharmacological means at the patients with atrial fibrillation has shown that there are no significant differences in terms of morbidity and mortality between them (tables no. 2 and 3). 

The fact must be outlined from the beginning that, in all these studies, the population of patients with AF and HF was rather small. The analysis by subgroups within various studies showed, for instance, that the subjects with HF from the RACE(39) study at which the SR was maintained after conversion, recorded a significant improvement of ventricular volumes and function(67). The patients with AF and HF from the CHF-STAT(58) study had a lower morbidity than those who remained in AF(5). Survival rate was higher at the patients with AF and HF who maintained the SR after conversion in the DIAMOND(68) study. Also, it was reported at the patients in the CAFE II(69) study, that the SR conversion with amiodarone at the AF and HF patients was associated with the significant improvement of ventricular function and quality of life(5). Analysis of outcome factors in the AFFIRM study has shown that the sinus rhythm and anticoagulation with warfarin is associated with increase of survival rate(70).
Atrial Fibrillation in Congestive Heart Failure (AF-CHF) was the study dedicated to testing of influence of the two treatment strategies upon the AF(7). It was a multicentric, prospective, randomized study in which the effects of the two strategies of rhythm control and frequency at the patients with arterial fibrillation and heart failure with systolic dysfunction. After 60 months of monitoring, there was no superiority of rhythm control as to the frequency control in terms of morbidity and mortality. The AF-CHF study has shown that toxicity of antiarrhythmics increases morbidity and hospitalization, which could explain the decrease of benefit brought by the rhythm control(5,71). 
The AF-CHF study did not provide enough arguments to recommend the rhythm control strategy as a sole method of AF treatment at patients with HF. 
From the perspective of practitioner, the following comments could prove useful: 

- The current data show that pharmacological control of rhythm is not superior to frequency control. The toxic effect of antiarrhythmics must also be considered. That is why frequency control is the first intention option, reasonable and effective at the patient with AF and HF. 

- The ablation techniques, more and more widespread in the general AF treatment, were proven to influence the outcomes of AF and HF patients favourably. 
- The studies performed so far have included a rather low number of patients.
The regression rate is still high, and the secondary effects due to the ablation techniques presently used are important. These issues cause the ablation not to be employed as routine at all AF and HF patients. 

- The cardiac resynchronization therapy increases survival rate and decreases morbidity at the patients with heart failure, FEVS<35%, QRS complex ≥120 ms and desynchronization. A sub-study which included 47 desynchronized patients with AF has shown that resynchronization improves the clinical outcome and decreases hospitalization(72). The same study and the studies performed by Gasparini and Auricchio(73,7) have proven that cardiac resynchronization increases survival rate of patients with AF and HF if it is associated with the atrioventricular node ablation. 

In the future, it is estimated that improvement of ablation technology, mini-invasive surgery of AF, as a synthesis of new antiarrhythmics, more effective and better tolerable, to make therapeutical approach of HF and AF patients more efficient. Employment of genetic and cellular therapy joins the same tendency.  

Table no.1: Clinical studies with AF impact upon survival rate and HF prognosis (modified after(9)) 

	         Author
	Study
	          Conclusions 

	MiddleKanff. et al

     1994 (10)
	Prognostic significance of AF in advanced HF (FE=20%)
	The group of 390 patients with HF enlisted consecutively; survival rate at the patients with AF was 52% and at those with SR was 71%. Observation duration 236±303 days.

	Dries et al 1998 (11)
	SOLVD
	The AF was associated with an increased risk of mortality of all causes at patients with asymptomatic and symptomatic SV dysfunction.

	Wyse DG et al 2001 (12)
	AVID Register 
	AF was an independent risk factor for the high rate of mortality. 

	Benjamine et al 1999 (13)
	Impact of AF upon the risk of mortality in the Farmingham Heart Study 
	AF was associated with an increase of 1.5-1.9 times higher of mortality risk. 

	Wang TJ.et al 2003 (4)
	The temporal relationship between AF and HF and their joint influence upon mortality in the Framingham Heart Study
	AF and HF often occur together. 

Development of a pathological condition in the presence of the other are associated with a bed prognosis. 




Table no.2: The Rhythm control strategy versus frequency control. Clinical studies (modified after(47))
	    STUDY
	        PIAF
	     STAF
	       RACE
	   AFFIRM

	Number of patients
	          252
	       200
	          522
	       4060

	Duration of observation
	          1 year
	19.6 months (0-36)
	        2.3 years
	3.5 years (3.5-6)

	Average age /years
	          61.5
	       65.8
	          68
	        69.7

	AF duration 
	     < 360 days
	     < 2 years
	        < 1 year
	    < 6 months

	The most important inclusion criterion 
	   Symptomatic
	Mild risk of recurrence of AF
	1-2 electrical conversions in an interval of 2 years
	Mild risk of recurrence of AF

	Primary endpoint 
	Improvement of symptoms
	Combined:
-mortality
-stroke/AIT

-RCP

-systemic emboli
	Combined:
-CV mortality
-heart failure
-thromboembolism
-loss of blood 
-perm. pacing 

-SAE antiarrhythmics 
	

	Rhythm control achieved %
	      55.1 %
	        10 %
	       22.6 %
	     23.8 % (after 5 years)

	Frequency control achieved %
	60.8 %
	  9 %
	17.2 %
	21.8 % (after 5 years)

	
	p=0.317
	p=0.99
	p=0.11
	p=0.08


*RCP – cardio-pulmonary resuscitation
Table no.3: Comparative outcomes achieved through the frequency control strategy and the rhythm control strategy in the main clinical studies (modified after(5))

	   Study
	Frequency control
	Rhythm control
	p value

	AFFIRM

       - mortality 

       - major adverse effects 
	            25.9 %

            32.7 %
	           24.7 %

           32 %
	           P=0.08

              NS

	RACE

       - mortality 

       - major adverse effects 
	              7 %

             17.2 % 
	            68 % 

            22.6 %
	              NS

              NS 

	HOT CAFE
       - mortality 

       - major adverse effects 
	              1 %

              8 %
	            2.9 %

            31 %
	              NS

              0.05

	STAF
       - mortality 

       - major adverse effects 
	              8 %

              1 %
	            4 %

            9 %   
	              NS

              NS 


Figure no. 1. Interplay of AF and HF: The Vicious Cycle (from Maisel WH et al. Am J Cardiol 2003;91(suppl):2D-8D (7) 
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Figure no. 3. Management of patients with atrial fibrillation and heart failure (from Boyle NG(47)).
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Figure no. 2. Electrical contractile and structural remodelling in atrial fibrillation (from ALLESSIE et al(8))
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  CHF optimal Rx: ACE/ARB, MCRB, DIGOXIN 


                                 CRT-P/CRT-D





Anticoagulation with OAC





β-BLOCKER+DIGOXIN


AV node ablation+CRT-P device





RATE CONTROL





RHYTHM CONTROL





Catheter ablation





Antiarrhytmic Drugs





DC/chemical CV to establish SR TEE/anticoagulation with OAC





COX-MAZE procedure





PV isolation 


LA linear incisions





Amiodarone


Dronedarone?
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