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Abstract

Atrial fibrillation (AF) and heart failure (HF) are two emerging epidemics in the cardiovascular field and
are strictly inter-related since may directly predispose to each other. Cardiac resynchronization therapy
(CRT) has emerged as an important therapeutic option for selected HF patients with LV dysfunction and
ventricular dyssynchrony. However almost all RCTs demonstrated the CRT effectiveness in patients in
sinus rhythm (SR), including permanent AF among the exclusion criteria.

In patients with paroxysmal or persistent AF strategies for rhythm control can be applied, but usually
with limited efficacy. Furthermore, rhythm control strategy did not result superior to rate-control in pa-
tients with heart failure. AF ablation in HF patients is usually performed only in selected centres. In
patients with permanent or long-standing AF and a CRT device the option of AVN ablation offers the
advantage of allowing >95% biventricular pacing,.

AF implies a harmful increase in Thromboembolic Risk. Detection of AF in patients treated with a CRT
device is enhanced by device diagnostic capabilities, that allow detection of episodes of atrial tachyar-
rythmias, including silent AF. In these cases decision making on appropriate antithrombotic prophylaxis
has to consider clinical risk stratification, usually applying CHADS, and CHA2DS,VASc scores.

In summary, in order to maximise outcome, AF in patients with CRT prompts the need to appropriately
decide on antithromboembolic prophylaxis (according to risk stratifications), as well as on rate and/or
rhythm control strategies, with the aim to allow constant biventricular pacing. In this perspective, AVN
ablation has an important role since by inducing pace-maker dependency guarantees continuous biven-
tricular pacing.

Introduction field and are strictly inter-related since may di-
rectly predispose to each other. The prevalence of
AF increases in more advanced New York Heart
Association (NYHA) class; in detail it is around
4% in NYHA functional class I, 10-27% in NYHA
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Current Indications of the European Society of Cardiology for Cardiac Resynchronization Therapy (CRT)
Table 1 in Heart Failure, using a Device with only Pacing Capabilities (CRT-P) or with Defibrillation Capabilities
(CRT-D). Modified with Permission.?

Patients in NYHA Functional Class III and Ambulatory Class IV

- In patients with LBBB QRS morphology CRT-P/CRT-D is recommended in patients in sinus rhythm with a QRS duration
of 2120 ms, LBBB QRS morphology, and an EF <35%, who are expected to survive with good functional status for >1 year, to
reduce the risk of heart failure hospitalization and the risk of premature death (class I recommendation, level of evidence A)

- In patients with non-LBBB QRS morphology CRT-P/CRT-D should be considered in patients in sinus rhythm with a QRS
duration of >150 ms, irrespective of QRS morphology, and an EF <35%, who are expected to survive with good functional
status for >1 year, to reduce the risk of heart failure hospitalization and the risk of premature death (class Ila recommenda-
tion, level of evidence A)

Patients in NYHA Functional Class II
- In patients with LBBB QRS morphology CRT, preferably CRT-D is recommended in patients in sinus rhythm with a QRS
duration of 2130 ms, LBBB QRS morphology, and an EF <30%, who are expected to survive for >1 year with good functional

status, to reduce the risk of heart failure hospitalization and the risk of premature death (class I recommendation, level of
evidence A)

- In patients with Non-LBBB QRS morphology CRT, preferably CRT-D should be considered in patients in sinus rhythm
with a QRS duration of 2150 ms, irrespective of QRS morphology, and an EF <30%, who are expected to survive for >1 year
with good functional status, to reduce the risk of HF hospitalization and the risk of premature death (class Ila recommenda-
tion, level of evidence A)

Patients with Heart Failure and Permanent Atrial Fibrillation
CRT-P/CRT-D may be considered in patients in NYHA functional class III or ambulatory class IV with a QRS duration >120

ms and an EF <35%, who are expected to survive with good functional status for >1 year, to reduce the risk of heart failure
worsening if:

- The patient requires pacing because of an intrinsically slow ventricular rate (class IIb recommendation, level of evidence
Q).

- The patient is pacemaker dependent as a result of AV nodal ablation (class Ila recommendation, level of evidence B).

- The patient’s ventricular rate is <60 b.p.m. at rest and <90 b.p.m. on exercise. (class IIb recommendation, level of evidence
Q).
Patients with an Indication for Conventional Pacing and No Other Indication for CRT

In patients who are expected to survive with good functional status for >1 year:

- CRT should be considered in those in NYHA functional class III or IV with an EF <35%, irrespective of QRS duration, to
reduce the risk of worsening of heart failure (class Ila recommendation, level of evidence C).

- CRT may be considered in those in NYHA functional class II with an EF <35%, irrespective of QRS duration, to reduce the
risk of worsening of heart failure (class IIb recommendation, level of evidence C).

class II -III, and up to 50% in NYHA class IV .! = The current indications to CRT in clinical practice
AF may present in HF patients with different are reported in Table 1.

forms, with frequent evolution from paroxysmal

or persistent AF to permanent AF (detectable in  Clinical Issues in Patients with AF and HF
10-30% of HF patients) and this is frequently as- Treated with CRT

sociated with increased morbidity and mortality.

) o The spectrum of clinical issues related to AF in HF
Cardiac resynchronization therapy (CRT) has  patients treated with a CRT device is wide, as sum-

emerged as an important therapeutic option for 1 arized in Table 2. Most of these issues have not
selected patients with left ventricular ejection frac-  peen highlighted by RCTs evaluating CRT versus
tion (EF) < 35%, Ven’.cricular dyssynchrony (QRS  control, while they appear of major relevance in
duration 2120 ms with NYHA class II-IV drug  qaily clinical practice, since appropriate manage-

refractory HF and, according to more recent ran-  ment and clinical decision making is required.
domized trials, also in mild HF (NYHA II ).
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Table 2 | Clinical Issues Related to AF in HF Patients Treated with CRT

- AF with Symptomatic Bradyarrhythmias as an Indication to Biventricular Pacing in Patients with HF and LV Dysfunction;
- AF-related symptoms (palpitation, syncope, light-headedness, chest pain, etc.)

- AF-related Thromboembolic Risk (need for oral anticoagulant according to CHADS, risk stratification)

- Hemorrhagic risk related to oral anticoagulants;

- Detection of “silent” AF by device diagnostics (algorithms, EGMs)

- Possibility of conversion of persistent/long-standing AF to SR secondary to CRT-related improvement in LV function);

- Worsening of HF (acute decompensation, chronic worsening) due to new onset or paroxysmal/persistent/permanent AF;

- Loss of biventricular pacing during AF: loss of CRT benefit (need for rhythm-control, including drugs or AF ablation, or
rate-control, including drugs or AVN ablation);

- Electrical conversion of AF for rhythm control (by external DC shock, by delivery of a manual shock by a CRT-D device)
- Inappropriate shocks delivered by a CRT-D device (need for device reprogramming/rate control)
- Induction/worsening of myocardial ischemia (secondary to AF with high ventricular rate)

- Facilitation of ventricular tachyarrhythmias (secondary to short-long-short ventricular cycles during AF or to myocardial
ischemia )

In the present review we will analyse some of the =~ percentage of biventricular pacing, with very low
clinically relevant aspects related to use of CRT ~ or absent spontaneous ventricular activations or
in HF patients with AF (paroxysmal, persistent  fusion beats.

and permanent) focusing on daily clinical man-

agement of CRT patients. Recently, the RAFT trial® enrolled patients either

in sinus rhythm or in AF and the analysis showed
Efficacy and Effectiveness of CRT in HF that patients with AF who are otherwise CRT can-
Patients with AF didates appear to gain a minimal benefit from

CRT-D compared standard ICD. However, the cor-

The efficacy of CRT in selected HF patients with rect interpretation of this study should consider
LV dysfunction and ventricular dyssynchrony, as ~ that in RAFT AV node ablation was ‘perfo‘rmed
detected by wide QRS complex, was demonstrat- 1 iny one patient and. that qptlmal blventr}cular
ed by RCTs, initially focused on moderate to se- ~ Pacing .(>95%) was achlgved m OI’{IY one third of
vere HF and more recently on mild HF (NTHA 1I), the patients. The?refore t.hl.s randorplzed study does
as shown in Table 3. However, it is noteworthy ~ 1ot appear to give a c‘hmcally orlgnted answer to
to stress that almost all RCTs on CRT included the.questlon on what is the benefit of CRT in AF,
permanent AF among the exclusion criteria. which could benefit form the meta-analysis pre-
sented below.
MUSTIC (MUItisiteSTimulation in Cardiomy- . .
opathies) was a randomized study dedicated to ~ Management of AF in CRT and Patient
assess the response to CRT in AF patients” ver- ~ Outcome
sus patients in sinus rhythm. It included 131
patients, 67 in sinus rthythm and 64 in AF, all ~ In a general view AF effects in patients with HF
with NYHA class III. The results showed that  are linked to loss of atrial kick, irregularity of ven-
CRT was associated both in sinus rhythm or in tricular rate and fast ventricular rates (which at
AF with a similar improvement at the 6-minute ~ mid- or long-term may lead to the overt picture of
walk test as compared to no CRT. The study had ~ “tachycardiomyopathy”). However in the specific
some limitations, since only 75 out of 131 patients context of a patient with HF and ventricular dys-
completed the study till the 12-month follow up. synchrony treated with CRT AF almost inevitably
Moreover its applicability to all HF patients with leads to loss of constant biventricular pacing, un-
AF was low, since all patients in AF had a slow  less an AV block per se reduces or blocks spontane-
ventricular rate, due to spontaneous or induced ous ventricular response during AF (Figure 1).
atrioventricular (AV) block, thus allowing a high
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Table 3 | Randomized studies on CRT
Eovolld NvhA lass EVERCOR SUATL QRO WAL ey

Patients Capability
MUSTIC-SR? 58 111 <35 SR >150 No
MIRACLE* 453 IIL, IV <35 SR >130 No
MUSTIC AF° 43 11T <35 AF >200 No
PATH CHEF® 41 IIL, IV <35 SR =120 No
MIRACLE ICD” 369 I, IV <35 SR >130 Yes
CONTAK CD? 227 1L, IV <35 SR >120 Yes
MIRACLE ICD 1P’ 186 1I <35 SR >130 Yes
PATH CHF II' 89 IIL, IV <35 SR >120 Yes/no
COMPANION" 1520 111, IV <35 SR >120 Yes/no
CARE HF* 814 1L, IV <35 SR >120 No
CARE HF Extension 2006 813 IILIV <35 SR >120 No
REVERSE™" 610 LI <40 SR >120 Yes/no
MADIT CRT® 1800 LI <30 SR =130 Yes
RAFT™® 1800 11, 11T <30 SR/AF =130 . Yes

7 (> 200 if AF)

In patients who have normal rate AF, phases of ef-
fective biventricular capture alternate with phases
of competing AF rhythm which causes spontane-
ous, fusion or pseudo-fusion beats and this sug-
gests that the potential benefit in terms of effective
resynchronization may be markedly reduced com-
pared with atrial synchronous rhythm with a short
AV interval (as is achieved during sinus rhythm)
since the number of effective biventricular cap-
tured beats are reduced.

In AF patients treated with CRT there is a growing
body of evidence on the necessity of reaching the
highest possible percentage of biventricular pacing
, >95% but possibly in the range of >98% according
to recent data collected on around 37 000 patients
using remote monitoring . %

In patients with paroxysmal or persistent AF strat-
egies for rate control or rhythm control can be ap-
plied usually with limited efficacy, particularly at
the onset of an AF recurrence when the increase in
adrenergic tone induces fast ventricular rates with
spontaneous ventricular activation (in the absence
of AV block). Substrate AF ablation in HF patients
is usually performed only in selected centres. In
patients with heart failure the first experience on
left atrial ablation was a non-randomized study
on 58 patients, published by the Haissaguerre’s

group.”’ The authors reported an improvement
in left ventricular function at 1-year follow up
both in patients with and without structural heart
disease, and both in patients with and without
adequate rate control, suggesting that correc-
tion of underlying tachycardiomyopathy played
a major role in the improvement. A subsequent
study, from MacDonald et al.?? on patients with
advanced HF randomized to rhythm control with
left atrial ablation versus pharmacological rate
control showed that ablation resulted in only 50%
of patients in sinus rhythm at 6 month-follow up
(versus 0% in control group). In this study left
atrial ablation did not improve exercise capacity,
quality of life or pro-BNP, while controversial re-
sults were found on left ventricular ejection frac-
tion (improved at radionuclide angiography but
not at cardiac magnetic resonance). In summary,
considering that these data derive from high-vol-
ume centres, controversial data exist on the role
of left atrial ablation in “real-world clinical prac-
tice”, when applied to patients with advanced
heart failure, such as most of the candidates to
CRT.

In patients with permanent or long-standing AF
the decision on rhythm versus rate control should
be guided by clinical considerations. In patients
with AF and a CRT device the option of AVN ab-
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lation offers the advantage of allowing >95-98%
biventricular pacing, therefore with all the clini-
cal advantages of CRT in terms of symptoms im-
provement, LV reverse remodelling, morbidity
and survival.

Maintenance of left atrial contribution to ventric-
ular filling, as well as maintenance of a physiolog-
ical rate responsiveness, may be good theoretical

reasons for applying a rhythm control strategy but
this strategy did not result superior to rate-control
in patients with heart failure, selected indepen-
dently on indication to CRT.* A rhythm control
strategy based on pharmacological agents has to
consider only amiodarone, since dronedarone is
specifically contraindicated in heart failure pa-
tients. For left atrial ablation positive results have
been reported in highly specialized centres, but the

Figure 1: CRT in AF Patients (Panel A) and AF Patients Treated with Atrioventricular Node (AVN) Ablation (Panel B)
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possibility to replicate these results in daily prac-
tice, for the large amount of CRT patients present-
ing AF, is not defined.

With regard to the benefit of applying AV node
ablation to CRT patients there is paucity of data
derived from RCTs, therefore it becomes topi-

cal to analyse data derived from observational
studies. Gasparini et al.” reported the largest se-
ries and found that patients with AF treated with
CRT had a worse outcome in comparison to com-
parable patients in SR (Figure 1 panel A). how-
ever, the negative prognosis associated with AF
was no longer evident when AF patients treated

Figure 2: Meta-analysis of the Relative Risk (RR) of Clinical Nonresponse to Cardiac Resynchronization Therapy (CRT) over 6
to 12 months in Patients with Atrial Fibrillation (AF) Versus Sinus Rhythm (SR). P value for the Pooled RR _ 0.001. Heterogene-
ity P Values from the Cochran Q Statistic. CI _ Confidence Interval; I12 _ Proportion of the Variation in Relative Risk that is Due
to Between-Study Heterogeneity (Panel A); Meta-Analysis of the Relative Risk (RR) of all-Cause Death in Patients with Versus
those without Atrial Fibrillation (AF) Undergoing Cardiac Resynchronization Therapy. P Values for the Pooled RR in the
Peer-Reviewed Articles, Abstracts, and Combined Groups are .06, .006, and .003, Respectively (Panel B).

Panel A No CRT Response
Study RR (95% CI) AF SR Weight (%)
Malhoek (2004) i * » 1.83(0.78, 4.32) 1130 6730 26
Gasparini (2008) —4:— 1.28 (098, 1.88) 52162 128/511 36.4
Buck (2008) __;.— 1.33 (0.74, 2.41) 1856 14/58 8.1
Ferreira (2008) ——g—ﬁi 1.56 (0.87, 2.81) 1753 1678 LR
Tolosana (2008) _:,_ 1.38(1.08, 1.79) 52126 103/344 27
Kim (2009)" 1.01 (0.46,2.22) 626 22/96 5.6
Wilton (2009)* . E 0.02 (0.44,1.93) 619 2367 6.0
Overall <b 1.32(1.12,1.55) 162473 3121190 100.0
Helsrogensity p = 0.88, 12 =0.0% Y
Favours AF i Favours SR
T : T
0. 1 10
Panel B
Study RR (95% CI) AF SR Weight (%)
Leclercq (2000) i . 1.83(0.50,573) 5M5 422 6.0
Linde (2002) _.._!_ 1.14 (0.54, 2.40) 1264 11/67 10.3
I
Malhoek (2004) E + 2.33(0.67,8.18) 7/30 3/30 52
Delnoy (2007) —.__g_ 0.72(0.31,1.67) 7/96 17167 9.0
Ferreira (2008) i - &, T7.36(1.68,3228) 10/53 2178 4.0
Gasparini (2008) — i 0.98(0.72,1.35) 39243 1701042 182
Khadjooi (2008) __._i_ 1.24 (0.85, 1.81)  28/86 55/200 16.0
Tolosana (2008) _é_,_ 216 (1.23,381) 19126  24/344 132
Wilton (2009)* +E_¢_ 2.09(1.45,3.00) 1620 2873 172
Overall <b 1.50 (1.08, 2.09)  143/733 314/2032 100.0
Hatrogensity p = 0.008, F=61.5% !
i
Favours AF : Favours SR NOTE: Weights are from random effects analysia
T ' T

01

10
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with CRT and atrioventricular node (AVN) abla-
tion were considered (Figure 1 panel B).This is in
agreement with the general principle that CRT
is effective and improves Patients Outcome only
when the percentage of biventricular pacing is
high, higher than 95% .2>* This observation is also
supported by some meta-analysis of all the studies
performed on CRT in permanent AF. A systematic
review and meta-analysis on AF, HF and CRT was
recently published by Wilton et al.*Twenty-three
observational studies were included and followed
a total of 7,495 CRT recipients, 25.5% with AF, for
a mean of 33 months. AF was associated with an
increased risk of nonresponse to CRT (34.5% vs
26.7%; pooled relative risk [RR] 1.32; 95% con-
fidence interval [CI] 1.12, 1.55; P = .001) and all-
cause mortality (10.8% vs 7.1% per year, pooled
RR 1.50, 95% CI 1.08, 2.09; P = .015). The presence
of AF was also associated with less improvement
in QoL, 6-minute hall walk distance, and LV end-
systolic volume but not LV ejection fraction. (Fig-
ure 2, Panel A and B). With regard to role of AV
node ablation a more recent meta-analysis was
published in 2012 by Ganesan et al.*After a sys-
tematic search the authors identified 6 studies, in-
cluding 768 CRT-AF patients, composed of 339 pa-
tients who underwent AV nodal ablation and 429
treated with medical therapy aimed at rate control
alone. AV nodal ablation in CRT-AF patients was
associated with significant reductions in all-cause
mortality (risk ratio: 0.42 [95% confidence interval:
0.26 to 0.68]), cardiovascular mortality (risk ratio:
0.44 [95% confidence interval: 0.24 to 0.81]), and
improvement in mean New York Heart Associa-
tion functional class (risk ratio: —=0.52 [95% confi-
dence interval: —-0.87 to —0.17]). AV nodal ablation
was associated with a substantial reduction in all-
cause mortality and cardiovascular mortality and
with improvements in New York Heart Associa-
tion functional class compared with medical ther-
apy in CRT-AF patients. This meta-analysis has
several limitations since primarily based on obser-
vational data, rather than randomized controlled
trial data.

AF, Silent AF and Thromboembolic Risk

Itis well known how AF implies a harmful increase
in Thromboembolic Risk, including invalidating
stroke. Detection of AF in patients treated with a
CRT device is enhanced by device diagnostic ca-

pabilities, since specific device algorithm may de-
tect episodes of atrial tachyarrythmias, including
AF and store EGMs in device memory. In patients
with a CRT device, device diagnostics allow to de-
tect silent AF and recent data* show how device
detected atrial tachyarrythmias are associated with
a 2.5 fold increase in the risk of stroke. In these cas-
es decision making on appropriate antithrombotic
prophylaxis has to consider clinical risk stratifi-
cation by applying CHADS, and CHA DS ,VASc
scores.” These scores were not derived and vali-
dated in populations of patients implanted with a
device; however, there are no specific reasons for
not applying them to CRT patients for guiding the
prescription of anti-thromboembolic prophylaxis.
In view of the negative impact of both over- and
under-treatment with oral anticoagulants,® we
think there is strict indication to apply a guideline-
based approach to oral anticoagulation, with the
advantage of current availability of novel antico-
agulants.”

Conclusions

AF and HF are two common epidemics and in
view of progressive aging of the population an in-
crease burden is expected in the next decades. In
HF patients with systolic dysfunction and ventric-
ular dyssynchrony. CRT has emerged in the last
decade as a very effective treatment, with reduced
morbidity and improved outcomes.

AF is common in HF patients and therefore may
present in different forms (new onset, paroxysmal,
persistent, permanent) at different times of the
“unnatural history” of a HF patients treated with
CRT, ie before or at different time after implant of a
CRT-P or CRT-D device. CRT devices increase the
ability to detect AF since device diagnostics allows
to detect “silent” AF, with important implications
for clinical decision making and patients’ care.

As amatter of fact AF in patients with CRT prompts
the need to appropriately decide on antithrombo-
embolic prophylaxis (according to risk stratifica-
tions) as well as rate and/or rhythm control strate-
gies whose aim is to allow constant biventricular
pacing. In this perspective AVN ablation has an im-
portant role since by inducing pace-maker depen-
dency guarantees continuous biventricular pacing.

www jafib.com

59

Feb-Mar, 2013 | Vol 5 | Issue 5



Journal of Atrial Fibrillation

Featured Review

Disclosures

e Giuseppe Boriani received speaker’s fees from
Medtronic.

e The remaining authors have no disclosures to
report

References

1. Deedwania PC, Lardizabal JA. Atrial fibrillation in heart fail-
ure: a comprehensive review. Am ] Med. 2010;123:198-204.

2. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm
M, Dickstein K, Falk V, Filippatos G, Fonseca C, Gomez-Sanchez
MA, Jaarsma T, Keber L, Lip GY, Maggioni AP, Parkhomenko A,
Pieske BM, Popescu BA, Ronnevik PK, Rutten FH, Schwitter J,
Seferovic P, Stepinska J, Trindade PT, Voors AA, Zannad F, Zei-
her A; Task Force for the Diagnosis and Treatment of Acute and
Chronic Heart Failure 2012 of the European Society of Cardiol-
ogy, Bax JJ, Baumgartner H, Ceconi C, Dean V, Deaton C, Fagard
R, Funck-Brentano C, Hasdai D, Hoes A, Kirchhof P, Knuuti J,
Kolh P, McDonagh T, Moulin C, Popescu BA, Reiner Z, Sechtem
U, Sirnes PA, Tendera M, Torbicki A, Vahanian A, Windecker S,
McDonagh T, Sechtem U, Bonet LA, Avraamides P, Ben Lamin
HA, Brignole M, Coca A, Cowburn P, Dargie H, Elliott P, Flachs-
kampf FA, Guida GF, Hardman S, Tung B, Merkely B, Mueller
C, Nanas JN, Nielsen OW, Orn S, Parissis JT, Ponikowski P; ESC
Committee for Practice Guidelines. ESC guidelines for the di-
agnosis and treatment of acute and chronic heart failure 2012:
The Task Force for the Diagnosis and Treatment of Acute and
Chronic Heart Failure 2012 of the European Society of Cardiol-
ogy. Developed in collaboration with the Heart Failure Associa-
tion (HFA) of the ESC. Eur ] Heart Fail. 2012;14:803-69.

3. Cazeau S, Leclercq C, Lavergne T, Walker S, Varma C, Linde
C, Garrigue S, Kappenberger L, Haywood GA, Santini M, Bail-
leul C, Daubert JC; Multisite Stimulation in Cardiomyopathies
(MUSTIC) Study Investigators. Effects of multisite biventricular
pacing in patients with heart failure and intraventricular conduc-
tion delay. N Engl ] Med. 2001 22;344:873-80.

4. Abraham WT, Fisher WG, Smith AL, Delurgio DB, Leon AR,
Loh E, Kocovic DZ, Packer M, Clavell AL, Hayes DL, Ellestad M,
Trupp RJ, Underwood ], Pickering F, Truex C, McAtee P, Mes-
senger J; MIRACLE Study Group. Multicenter InSync Random-
ized Clinical Evaluation. Cardiac resynchronization in chronic
heart failure. N Engl ] Med. 2002 13;346:1845-53.

5. Leclercq C, Walker S, Linde C, Clementy J, Marshall A]J, Rit-
ter P, Djiane P, Mabo P, Levy T, Gadler F, Bailleul C, Daubert
JC. Comparative effects of permanent biventricular and right-
univentricular pacing in heart failure patients with chronic atrial
fibrillation. Eur Heart J. 2002;23:1780-7.

6. Auricchio A, Stellbrink C, Sack S, Block M, Vogt ], Bakker P,
Huth C, Schondube F, Wolfhard U, Bocker D, Krahnefeld O,
Kirkels H; Pacing Therapies in Congestive Heart Failure (PATH-
CHF) Study Group. Long-term clinical effect of hemodynami-
cally optimized cardiac resynchronization therapy in patients
with heart failure and ventricular conduction delay. ] Am Coll
Cardiol. 2002 19;39:2026-33.

7. Young ]JB, Abraham WT, Smith AL, Leon AR, Lieberman R,
Wilkoff B, Canby RC, Schroeder ]S, Liem LB, Hall S, Wheelan K;
Multicenter InSync ICD Randomized Clinical Evaluation (MIR-
ACLE ICD) Trial Investigators. Combined cardiac resynchroni-
zation and implantable cardioversion defibrillation in advanced
chronic heart failure: the MIRACLE ICD Trial. JAMA. 2003
28;289:2685-94.

8. Higgins SL, Hummel JD, Niazi IK, Giudici MC, Worley S,
Saxon LA, Boehmer JP, Higginbotham MB, De Marco T, Foster
E, Yong PG. Cardiac resynchronization therapy for the treatment
of heart failure in patients with intraventricular conduction delay
and malignant ventricular tachyarrhythmias. ] Am Coll Cardiol.
2003 15;42:1454-9.

9. Abraham WT, Young JB, Leén AR, Adler S, Bank AJ, Hall SA,
Lieberman R, Liem LB, O’Connell JB, Schroeder JS, Wheelan KR;
Multicenter InSync ICD II Study Group. Effects of cardiac resyn-
chronization on disease progression in patients with left ventricu-
lar systolic dysfunction, an indication for an implantable cardio-
verter-defibrillator, and mildly symptomatic chronic heart failure.
Circulation. 2004 2;110:2864-8.

10. Auricchio A, Stellbrink C, Butter C, Sack S, Vogt J, Misier AR,
Bocker D, Block M, Kirkels JH, Kramer A, Huvelle E; Pacing Ther-
apies in Congestive Heart Failure II Study Group; Guidant Heart
Failure Research Group. Clinical efficacy of cardiac resynchroni-
zation therapy using left ventricular pacing in heart failure pa-
tients stratified by severity of ventricular conduction delay. ] Am
Coll Cardiol. 2003 17;42:2109-16.

11. Bristow MR, Saxon LA, Boehmer ], Krueger S, Kass DA, De
Marco T, Carson P, DiCarlo L, DeMets D, White BG, DeVries DW,
Feldman AM; Comparison of Medical Therapy, Pacing, and De-
fibrillation in Heart Failure (COMPANION) Investigators. Car-
diac-resynchronization therapy with or without an implantable
defibrillator in advanced chronic heart failure. N Engl ] Med. 2004
20;350:2140-50.

12. Cleland JG, Daubert JC, Erdmann E, Freemantle N, Gras D,
Kappenberger L, Tavazzi L; Cardiac Resynchronization-Heart
Failure (CARE-HF) Study Investigators. The effect of cardiac re-
synchronization on morbidity and mortality in heart failure. N
Engl ] Med. 2005 14;352:1539-49.

13. Cleland JG, Daubert JC, Erdmann E, Freemantle N, Gras D,
Kappenberger L, Tavazzi L. Longer-term effects of cardiac re-
synchronization therapy on mortality in heart failure [the CAr-
diac REsynchronization-Heart Failure (CARE-HF) trial extension
phase]. Eur Heart J. 2006;27:1928-32.

14. Linde C, Abraham WT, Gold MR, St John Sutton M, Ghio S,
Daubert C; REVERSE (REsynchronization reVErses Remodeling
in Systolic left vEntricular dysfunction) Study Group. Random-
ized trial of cardiac resynchronization in mildly symptomatic
heart failure patients and in asymptomatic patients with left ven-
tricular dysfunction and previous heart failure symptoms. ] Am
Coll Cardiol. 2008 2;52:1834-43.

15. Moss AJ, Hall W], Cannom DS, Klein H, Brown MW, Daubert
JP, Estes NA 3rd, Foster E, Greenberg H, Higgins SL, Pfeffer MA,
Solomon SD, Wilber D, Zareba W; MADIT-CRT Trial Investiga-
tors. Cardiac-resynchronization therapy for the prevention of
heart-failure events. N Engl ] Med. 2009 1;361:1329-38.

16. Tang AS, Wells GA, Talajic M, Arnold MO, Sheldon R, Connol-

www jafib.com

60 Feb-Mar, 2013 | Vol 5 | Issue 5



Journal of Atrial Fibrillation

Featured Review

ly S, Hohnloser SH, Nichol G, Birnie DH, Sapp JL, Yee R, Healey
JS, Rouleau JL; Resynchronization-Defibrillation for Ambula-
tory Heart Failure Trial Investigators. Cardiac-resynchronization
therapy for mild-to-moderate heart failure. N Engl ] Med. 2010
16;363:2385-95.

17. Linde C, Leclercq C, Rex S, Garrigue S, Lavergne T, Cazeau
S, McKenna W, Fitzgerald M, Deharo JC, Alonso C, Walker S,
Braunschweig F, Bailleul C, Daubert JC. Long-term benefits of
biventricular pacing in congestive heart failure: results from the
MUltisite STimulation in cardiomyopathy (MUSTIC) study. ]
Am Coll Cardiol. 2002 ;40:111-8.

18. Healey JS, Hohnloser SH, Exner DV, Birnie DH, Parkash R,
Connolly SJ, Krahn AD, Simpson CS, Thibault B, Basta M, Philip-
pon F, Dorian P, Nair GM, Sivakumaran S, Yetisir E, Wells GA,
Tang AS; on behalf of the RAFT Investigators. Cardiac Resyn-
chronization Therapy in Patients With Permanent Atrial Fibrilla-
tion: Results From the Resynchronization for Ambulatory Heart
Failure Trial (RAFT). Circ Heart Fail. 2012;5:566-570.

19. Gasparini M, Regoli F, Galimberti P, Ceriotti C, Cappelleri A.
Cardiac resynchronization therapy in heart failure patients with
atrial fibrillation. Europace. 2009;11 Suppl 5:v82-6.

20: Hayes DL, Boehmer JP, Day JD, Gilliam FR 3rd, Heidenreich
PA, Seth M, Jones PW, Saxon LA. Cardiac resynchronization
therapy and the relationship of percent biventricular pacing to
symptoms and survival. Heart Rhythm. 2011;8:1469-75.

21. Hsu LF, Jais P, Sanders P, Garrigue S, Hocini M, Sacher F,
Takahashi Y, Rotter M, Pasquié JL, Scavée C, Bordachar P, Clé-
menty J, Haissaguerre M. Catheter ablation for atrial fibrillation
in congestive heart failure. N Engl ] Med. 2004 2;351:2373-83.

22. MacDonald MR, Connelly DT, Hawkins NM, Steedman T,
Payne ], Shaw M, Denvir M, Bhagra S, Small S, Martin W, Mc-
Murray J], Petrie MC. Radiofrequency ablation for persistent atri-
al fibrillation in patients with advanced heart failure and severe
left ventricular systolic dysfunction: a randomised controlled
trial. Heart. 2011;97:740-7.

23. Roy D, Talajic M, Nattel S, Wyse DG, Dorian P, Lee KL,
Bourassa MG, Arnold JM, Buxton AE, Camm AJ, Connolly SJ,
Dubuc M, Ducharme A, Guerra PG, Hohnloser SH, Lambert ], Le
Heuzey JY, O'Hara G, Pedersen OD, Rouleau JL, Singh BN, Ste-
venson LW, Stevenson WG, Thibault B, Waldo AL; Atrial Fibrilla-
tion and Congestive Heart Failure Investigators. Rhythm control
versus rate control for atrial fibrillation and heart failure. N Engl
J Med. 2008;358:2667-77

24. Wilton SB, Leung AA, Ghali WA, Faris P, Exner DV. Out-
comes of cardiac resynchronization therapy in patients with
versus without atrial fibrillation: a systematic review and meta-
analysis. Heart Rhythm 2011;8:1088 —94.

25. Ganesan AN, Brooks AG, Roberts-Thomson KC, Lau DH,
Kalman JM, Sanders P. Role of AV nodal ablation in cardiac
resynchronization in patients with coexistent atrial fibrillation
and heart failure a systematic review. ] Am Coll Cardiol. 2012
21;59:719-26.

26 Healey ]S, Connolly SJ, Gold MR, Israel CW, Van Gelder IC,
Capucci A, Lau CP, Fain E, Yang S, Bailleul C, Morillo CA, Carl-
son M, Themeles E, Kaufman ES, Hohnloser SH; ASSERT Investi-
gators. Subclinical atrial fibrillation and the risk of stroke. N Engl
J Med. 2012;366:120-9.

27. Boriani G, Botto GL, Padeletti L, Santini M, Capucci A, Gulizia
M, Ricci R, Biffi M, De Santo T, Corbucci G, Lip GY; Italian AT-
500 Registry Investigators. Improving stroke risk stratification us-
ing the CHADS, and CHA DS,-VASc risk scores in patients with
paroxysmal atrial fibrillation by continuous arrhythmia burden
monitoring. Stroke. 2011;42:1768-70.

28. Nieuwlaat R, Olsson SB, Lip GY, Camm A], Breithardt G, Ca-
pucci A, Meeder JG, Prins MH, Lévy S, Crijns HJ; Euro Heart Sur-
vey Investigators. Guideline-adherent antithrombotic treatment is
associated with improved outcomes compared with undertreat-
ment in high-risk patients with atrial fibrillation. The Euro Heart
Survey on Atrial Fibrillation. Am Heart J. 2007;153:1006-12.

29. Kirchhof P, Lip GY, Van Gelder IC, Bax ], Hylek E, Kaab S,
Schotten U, Wegscheider K, Boriani G, Brandes A, Ezekowitz M,
Diener H, Haegeli L, Heidbuchel H, Lane D, Mont L, Willems S,
Dorian P, Aunes-Jansson M, Blomstrom-Lundqvist C, Borentain
M, Breitenstein S, Brueckmann M, Cater N, Clemens A, Dobrev
D, Dubner S, Edvardsson NG, Friberg L, Goette A, Gulizia M,
Hatala R, Horwood J, Szumowski L, Kappenberger L, Kautzner
J, Leute A, Lobban T, Meyer R, Millerhagen ], Morgan ], Muenzel
F, Nabauer M, Baertels C, Oeff M, Paar D, Polifka J, Ravens U,
Rosin L, Stegink W, Steinbeck G, Vardas P, Vincent A, Walter M,
Breithardt G, Camm A]. Comprehensive risk reduction in patients
with atrial fibrillation: emerging diagnostic and therapeutic op-
tions--a report from the 3rd Atrial Fibrillation Competence NET-
work/European Heart Rhythm Association consensus conference.
Europace. 2012;14:8-27.

www jafib.com

61 Feb-Mar, 2013 | Vol 5 | Issue 5



