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Abstract

Cardiac resynchronization therapy (CRT) improves symptoms, reduces heart failure related hospitalizations and death in selected patients
with heart failure. Based on thousands of patients enrolled in major clinical landmark trials, current guidelines describe in relatively precise
terms which cardiac patients should receive a device. However, clinical trials often excluded sicker patients leaving clinicians with the
dilemma of how to treat real-life patients with major co-morbidities, frailty, and increasing age, who are otherwise candidates for CRT
implantation. This review investigates results from clinical trials and available observational data on the influence of co-morbidities on CRT
benefit in order to provide better insight of when and why co-morbidities should modify patient selection for CRT.

Introduction

Cardiac resynchronization therapy (CRT) has evolved vastly since
its early stages as a treatment for patients with advanced heart failure
(HF) and reduced systolic function. Mainly the improvement could
transpire because of technical development and improved physicianrelated device skills. Furthermore, multiple randomized clinical
trials have now shown a significant benefit in both morbidity and
mortality associated with implantation of the device, and additionally
identified patients who benefit most from this therapy.
International guidelines1-7 for CRT supports the use of CRT in
patients with characteristics similar to those enrolled in the trials8-13
but with minor differences of opinion regarding left ventricular
ejection fraction (LVEF) and QRS duration and morphology in
current Canadian,7 US4 and European guidelines.2 A current, simple
and practical synthesis is that CRT is a highly recommended and
beneficial treatment in patients with sinus rhythm, left ventricular
ejection fraction (LVEF) ≤35%, NYHA class II - IV and left
bundle branch block (LBBB) QRS morphology with width ≥150
ms. However, the recent European CRT Survey14 found that CRT
indications used in daily practice include patients with QRS less than
120 ms, patients with non-LBBB, asymptomatic patients in NYHA
class I, and subjects with atrial fibrillation (AF) thus going far
beyond guideline recommended indications, despite a well-known
significant non-responder rate around 30%.15,16 Apart from these
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typical CRT indication criteria individual patient co-morbidities
and co-morbidity burden may play an influential role in determining
patients’ clinical response to CRT. Co-morbidities can be perceived as
related to cardiac conditions such as AF and disease of the conduction
system, and non-cardiac co-morbidities such as chronic obstructive
pulmonary disease, chronic kidney disease, diabetes, cancers, and
others. This review covers the importance of patient selection and
the influence of cardiac and non-cardiac co-morbidities in relation to
CRT efficacy and outcomes.

Typical Non-Responders

Analyses have consistently shown that patients with non-LBBB
QRS morphology, patients with ischemic cardiomyopathy, those
with higher scar burden, males and those with increased disease
burden (larger atrial and ventricular volumes and lower baseline
LVEF) derive a relatively reduced benefit of CRT implantation.15,17,18
A simple and better selection of patients may reduce this number
of non-responders substantially. A suboptimal response to CRT is
believed to be multifactorial and depends on patient selection and
CRT delivery techniques (lead positions, AV-delay etc.). Mullens
et al.19,20 further showed that a protocol-driven assessment of CRT
non-responders improves reverse remodeling by 50%. Additionally,
a retrospective analysis comparing a multidisciplinary care setting
to “conventional” care found a significant improvement in patient
care and reduction in clinical outcomes.21 In addition to the factors
above, several cardiac and non-cardiac co-morbidities may influence
the efficacy of the CRT device and the overall outcome as discussed
below. Evaluation and management of non-responders is beyond the
scope of this review but recent reviews cover this matter.22, 23

Scar burden in Ischemic HF

Among patients with ischemic HF a large scar burden as well
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as a lead position on top of localized scar is associated with lack of
response.24-26
The myocardial scar burden determined by magnetic resonance,
speckle track echocardiography or single-photon emission computed
tomography (SPECT) myocardial perfusion imaging (MPI)may add
prognostic value,27-30 but so far no definitive comparative studies have
been able to select any one of these to be included in pre-selection
of CRT candidates. Adelstein et al.24 compared 190 CRT patients
with ischemic cardiomyopathy to 380 CRT patients with nonischemic cardiomyopathy and 50 patients referred for CRT but with
unsuccessful LV implant. They showed that a large scar burden score
≥23 (defined as a score based on 17 segments each allocated 0-4
points, 0=normal, 4=absence of uptake) of the ischemic patients was
associated with significantly worse survival and less improvement
in LVEF. Further ischemic patients with a low score <23 exhibited
similar survival and LVEF improvement as the comparison group of
non-ischemic. Overall this study indicated that patients with large
scar burden may not benefit from CRT and this group of patients is
very likely to be CRT non-responders.
In addition to the total scar burden, localized scar tissue near the
LV lead site may directly prevent resynchronization with the septum
and further reduce the electrical propagation from the stimulation
site to the viable myocardium. Many LBBB patients experience
super response to CRT which is most likely due to the presence of
a large anatomic sweet spot of potential response, particularly for
non-ischemic patients. If lead placement was guided by imaging it
seems that particularly non-LBBB and non-responder subgroup
populations such as ischemic patients with large areas of scar burden
could have improved outcomes, but this remains to be shown in
prospective trials. Although quantification of scar by magnetic
resonance imaging seems particularly promising a SPECT/MPI
is mostly used in clinical practice and is safe in patients with
implanted devices. The quadripolar LV leads increases the number
of pacing vectors compared to bipolar leads allowing a more optimal
posterolateral lead placement and potentially avoiding areas of
scar. The clinical value of quadripolar lead has been evaluated in
non-randomized observational studies showing a decreased risk of
hospitalization, reduced cost31 and better survival.32

Atrial Fibrillation in HF

AF is the most common arrhythmia in patients with HF. The
EuroHeart Failure survey reported that up to 45% of patients with
HF also had intermittent or permanent AF.14 AF is a typical cause
of decompensated HF and complicates management significantly.
Despite the huge number of patients with both permanent AF
and HF, accounting for more than 20% of CRT recipients in
Europe,14 these patients were included in very small numbers in
the large randomized clinical trials. The studies published, in which
the efficacy of CRT in patients in sinus rhythm was compared to
those with AF, showed a lower clinical efficacy and a higher rate
of non-responders in the AF group, which can partly be explained
by the difficulty in achieving an acceptable biventricular pacing
percentage.33,34 However for paroxysmal or intermittent AF the case
is less clear; in a MADIT-CRT sub-analysis, the clinical benefit
of cardiac resynchronization therapy with implantable cardioverter
defibrillator (CRT-D) was not attenuated neither by a prior history
of intermittent atrial tachyarrhythmias nor by the development of
in-trial atrial tachyarrhythmias.35 In the RAFT trial patients were
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stratified by presence of permanent AF and then randomized to
CRT-D (N=114) or implantable cardioverter defibrillator (ICD)alone (N=115). The results showed no difference in the primary
outcome of death or HF hospitalization between those assigned
to CRT-D versus ICD (HR= 0.96; P=0.82).36 This indicated that
patients with permanent AF who are otherwise CRT candidates
appear to gain minimal benefit from CRT-D compared with a
standard ICD. AV node ablation for the management of AF in CRT
HF patients is a treatment that permits complete rhythm and heart
rate control resulting in constant biventricular pacing. In a systematic
review and meta-analysis Wilton et al.37 compared the outcomes
of patients (n=7,495) with and without AF receiving CRT and
evaluated the influence of AV node ablation in those with AF. AF
was prevalent in 26% and was associated with significantly increased
risk of non-response to CRT (35 % vs 27%) and all-cause mortality
(11% vs 7% per year). AV node ablation appeared favorable with a
lower risk of clinical non-response (RR= 0.40) and a reduced risk
of death. One year later, in 2012, Ganesan et al. published a similar
meta-analysis with fewer studies but focusing on the role of AV node
ablation in the patients with AF. Results were similar showing AV
node ablation was associated with a substantial reduction in all-cause
mortality (RR = 0.42) and cardiovascular mortality (RR= 0.44) and
with improvements in NYHA class compared with medical therapy
in CRT plus AF patients.38 Therefore overall the benefits of CRT
appear to be attenuated in patients with permanent AF, in particular
in those with low biventricular pacing rates, but AV node ablation
can improve CRT outcomes in patients with AF.
The APAF39 study from 2011 and the PAVE40 study from 2005
were both conducted on patients with AF and AV node ablation
was performed. CRT, compared to RV pacing alone, decreased
both mortality and the number of hospitalizations due to HF. The
observational CERTIFY study41 (N=7,384) compared mortality
between CRT patients in sinus rhythm with AF patients who had
undergone either AV node ablation or medical treatment. The results
showed that cardiac as well as total mortality were higher in patients
with AF and medically treated; while there were no significant
differences between patients in sinus rhythm and those with AF
who underwent AV node ablation. The rationale and evidence for
optimal outcomes among CRT patients based on biventricular
pacing percentage refer to the hypotheses that effective delivery
of CRT may be hindered by the presence of native ventricular
conduction, by inappropriate long AV delay programming, by atrial
or ventricular tachycardia, AF or frequent premature atrial and
ventricular complexes.1,23,33 AF is considered a major determinant of
loss of biventricular pacing.42
The optimal biventricular pacing percentage has been evaluated in
four studies. Initially, in 2006 Gasparini et al. set an arbitrary cutoff of 85% biventricular pacing to define CRT in AF patients as
successful. Koplan et al43 followed in 2009 and reported 92% while
Hayes et al. in 201144 found 98.5% to be the cut-off with the greatest
magnitude of separation for total mortality. In the MADIT-CRT
trial (sinus rhythm patients) a biventricular pacing percentage ≥90%
was needed to show CRT-D efficacy when compared to ICD-only45
and biventricular pacing ≥97% was associated with an even further
decrease in the risk of HF events, as well as a significantly reduced
risk of death. Of importance Hayes et al. found that patients with AF
had similar survival as sinus rhythm patients as long as they achieved
biventricular pacing percent of 98.5% or more. Biventricular pacing
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percentage is a practical evaluation and measurement of biventricular
pacing success, however Kamath et al.46 demonstrated in 2009 that
that the absolute percentage of biventricular pacing alone, as obtained
from the CRT device interrogation, was an unreliable marker of
effective pacing. Although the interrogation documented more than
90% pacing, a concomitant Holter monitor revealed that fusion and
pseudo-fusion beats constituted as much as 40% of the overall paced
beats. Therefore using data from CRT interrogation counters alone
to estimate percentage of biventricular pacing can be misleading and
results in overestimation.
Current European guidelines give a IIa recommendation with
level of evidence B for patients in permanent AF with LVEF≤35%,
NYHA class III, QRS≥120 ms provided that close to 100%
biventricular pacing can be achieved. Otherwise an AV node ablation
is recommended with same level of evidence.2

Atrio-Ventricular Block in HF

Smaller proof-of-concept studies proposed that patients with
traditional pacemaker indications and moderate to severely reduced
LV function could benefit from CRT instead of RV apical pacing
alone. The HOBIPACE47 (n=30) and COMBAT48 (N=60) showed
effect on both echocardiographic and patient symptom parameters.
The rationale was that early intervention with CRT could prevent
deterioration and progression of HF due to chronic RV pacing.
For patients with preserved LV function and pacemaker indication
however the PREVENT-HF trial49 (n=108) showed no benefit of
CRT in terms of LV remodeling as compared to RV pacing, while
the PACE study (n=177) found the reduction in LVEF and the
increase in LV end-systolic volume observed at 1 year with RV
apical pacing was prevented by CRT but without any significant
difference in clinical endpoints. The BLOCK-HF50 included 691
patients with AV conduction disorders of different severity with a
traditional pacemaker indication and LVEF ≤50%. Patients were
randomized to CRT or RV pacing (LV pacing off ) (either with or
without ICD based on standard indications). Patients assigned to
RV pacing showed a significantly higher incidence of the combined
Table 1:

endpoint of HF hospitalization or death or 15% increase in LV endsystolic volume). The study suggests that CRT can be beneficial in
patients with a lower degree of systolic dysfunction and an indication
for pacemaker avoiding the deleterious effect of stimulation from
the right ventricle. Another large trial, the BioPace trial enrolled
1,810 patients and has not yet published the final results. Preliminary
results presented at the ESC 2014 were negative with only a trend
towards benefit for patients randomized to CRT versus RV (HR
=0.87, p=0.08) but final results are pending.51,52 The above evidence
suggests that patients with HF and reduced LVEF who require
frequent ventricular pacing should be considered for CRT despite
native QRS width. Further studies should evaluate the long-term
benefits of CRT for patients with normal LV function and frequent
ventricular pacing.

Non Cardiovascular Co-Morbidities

Among HF patients undergoing CRT implantation the burden
of non-cardiovascular co-morbidities is generally high. In general,
patients with significant co-morbidities were excluded in the major
trials8-13,53-55 and efficacy of CRT in these patients has not been tested
in randomized trials.
Patients enrolled in the major randomized controlled trials were
most often male (75%), had a mean age of 65 years, a prevalence
of diabetes of 30-40% but the prevalence of COPD, active or prior
cancer and chronic kidney disease was rarely reported if the patient
was not excluded by enrollment criteria, see Table 1. The MADITCRT and MIRACLE both excluded patients with creatinine >3 mg/
dL and in the MADIT-CRT a total of 89 (5%) of the patients had
severe renal dysfunction defined as eGFR <30 mL/min/1.73m2.56
As an example from the MADIT-CRT protocol exclusion criteria
involved patients that had “presence of any disease, other than the
subject’s cardiac disease, associated with a reduced likelihood of
survival for the duration of the trial (average follow-up 40 months),
e.g., cancer, uremia, liver failure, etc.57” From HF registry data of reallife CRT patients we know that the patients are approximately 5
years older, obesity in general affects 30%, diabetes 30%, COPD 30%,

Triggers and risk factors for developing LAF

Trial (year)

Patients

NYHA

LVEF Critera
Mean

QRS Critera
Mean

Primary end point

Secondary
End points

Non-ischemic

Diabetes

Renal dysfunction

COPD

PATH-CHF
(2002)

41

III, IV

NA
22%

≥150
175

6-MWT, peak VO2

NYHA, QoL, HF hosp.

71%

NR

NR

NR

MIRACLE
(2002)

228/225

III, IV

≤35%
22%

≥130
166

NYHA
6-MWT QoL

Peak VO2, LVEDD, LVEF,
MR, CCR

76%

NR

NR

NR

MIRACLE –ICD
(2003)

187/182

III, IV

≤35%
25%

≥130
164

NYHA
6-MWT QoL

Peak VO2, LVV, LVEF, MR,
CCR

31%

NR

NR

NR

CONTAK-CD
(2003)

245/245

II,III,IV

≤35%
22%

≥120
158

NYHA
6-MWT QoL

LVV, LVEF, CCR

31%

NR

NR

NR

COMPANION
(2004)

617/595/308

III, IV

≤35%
21%

≥120
159

All-cause mortality
or hosp.

Cardiac mortality

44%

41%

NR

NR

MIRACLE –ICD II
(2004)

85/101

II

≤35%
25%

≥130
166

Peak VO2

NYHA
QoL, 6-MWT, LVV, LVEF, CCR

43%

NR

NR

NR

CARE-HF
(2005)

409/404

III,IV

≤35%
25%

≥120
160

All-cause mortality or
cardiovascular hosp.

NYHA, QoL, LVEF, LVESV,
HF hosp.

46%

21%

18%

19%

REVERSE
(2008)

419/191

I,II

≤40%
28%

≥130
153

CCR

LVESVi

45%

22%

Mean eGFR 83
mL/min

NR

MADIT-CRT
(2009)

1089/731

I,II

≤30%
25%

≥130
162

All-cause mortality or
HF hosp.

LVESV, LVEDV, LVEF

45%

30%

32%

NR

RAFT
(2010)

894/904

II,III

≤30%
24%

≥120
158

All-cause mortality or
HF hosp.

Cardiac death
Non-fatal HF Hosp.

33%

34%

43%

NR

CCR: Clinical composite response, 6-MWT: 6 minute walking test, Qol: quality of life, LVEDD: left ventricular end-diastolic diameter, LVESV: left ventricular end-systolic volume, LVESVi: : left ventricular
end-systolic volume index; LVEDV: left ventricular end-diastolic volume, LVEF: left ventricular ejection fraction, eGFR: estimated glomerular filtration rate, COPD: chronic obstructive pulmonary disease,
NR: not reported, NYHA : New York Heart Association, MR: mitral regurgitation
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chronic kidney disease 30% and anemia 10%.
Co-morbidities
additionally affect optimal medical treatment, i.e. insufficient use of
antithrombotic medications in anemic patients, reduced use of betablockers for COPD and reduced use of angiotensin blockers and
spironolactone among patients with chronic kidney disease.
Everyday physicians encounter patients who have per guideline
indication for CRT but also often present with one or more of these
co-morbidities possible affecting expected cardiac prognosis and
CRT efficacy.
Theuns et al.60 prospectively followed 463 patients who received a
CRT-D. They found that non-cardiac co-morbidities were common
in their population of HF patients with 81% of the patients having
at least three comorbid conditions. They reported that patients with
a high co-morbidity burden had an increased risk with a hazard
ratio of 3.7 for mortality as compared to those with a lower burden.
However, since there was no control group, the study could not assess
whether there were any relative benefit of CRT among the patients
with high co-morbidity burden. Bai et al.61 also demonstrated
that renal failure and diabetes were strong independent predictors
of mortality in patients treated with CRT. In this study patients
with one of three co-morbidities, chronic renal failure (OR = 4.9),
diabetes mellitus (OR = 4.1), and history of AF (OR = 1.5) had a
higher risk of death but again without a control group leaving the
question of CRT efficacy based on co-morbidity burden unanswered.
Dominguez-Rodrigues et al.62 recently reported that frailty defined
as a syndrome of wasting and malnutrition, weakness, slowness, and
inactivity, was a strong predictor of HF decompensation (HR = 4.6)
in patients with non-ischemic cardiomyopathy undergoing CRT-D.
Frailty and high co-morbidity burden, illustrated by Charlson Index
>4, has previously been associated with high risk of non-sudden
death in HF but non-CRT patients6. These observational data and
other reports58,59,63 suggest that patients with high burden of noncardiac co-morbidity are at higher risk of death on both short and
long-term, but so far no reports have been able to set a cut-off of
where patients with high co-morbidity burden no longer benefit
from a CRT device. In particular frailty and cachexia might reduce
the overall benefit of CRT, but many of contributing factors in frailty
may be reversible through CRT effect. Consultation with geriatrician
could be helpful in these borderline cases. Recent detailed statistical
analysis64 of five landmark CRT trials (COMPANION, CARE-HF,
MADIT-CRT, RAFT and REVERSE) found that the lifespan gain
from biventricular pacing rises nonlinearly with time. They showed
that lower-risk patients seemed to gain less over the first 1 or 2 years,
but ultimately they could be the ones who gained the most from
implantation of the device.
58,59

Chronic Kidney Disease

Renal dysfunction is one of the most important co-morbidities
in HF and is associated with increased mortality and affects cardiac
function and renal function bidirectionally so that worsening HF or
acute decompensated HF can accelerate worsening of renal function-the so-called cardiorenal syndrome.65 Beneficial effects of CRT can
be related to improvement in renal function leading to the hypothesis
that CRT is a renal-protective strategy in HF. From the MIRACLE
study the patients were categorized according to their baseline
eGFR≥90, 60-89 and 30-59 mL/min per 1.73 m2. CRT improved
LV function in all three categories and when compared with controls,
CRT increased eGFR and reduced blood urea nitrogen in those with
worst renal function, whereas no differences were observed in the
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group of eGFR 60-89 and eGFR≥90. Goldenberg et al. showed in
the MADIT-CRT that pre-implantation patients with an elevated
ratio of blood urea nitrogen to creatinine experienced a significantly
greater reduction in the risk of HF or death with CRT-D therapy
as compared with patients with a low ratio56. The cumulative 3-year
incidence of HF or death was 35% among ICD patients with high
BUN:crea level compared to 18% for those with low BUN:crea level.
This is in contrast to 18% versus 22% for the patients treated with
CRT-D in the same categories, leaving a relative risk reduction
markedly higher for CRT-D patients with high BUN:crea levels of
0.46 compared to 0.85 for those with low BUN:crea levels. These
findings suggested important interaction between prerenal function
and response to CRT, but importantly these data were from less
symptomatic NYHA II and I patients. This was supported by smaller
studies where elderly patients who had a higher prevalence of renal
dysfunction still had positive response to CRT,67,68 while others
report that the effect of CRT was attenuated in patients with more
advanced chronic kidney disease (<30 mL/min/1.73m2). Adelstein
et al.69 reported no echocardiographic or survival improvement in 64
of 787 CRT patients with eGFR <30 mL/min/1.73m2 compared to
a control group of unsuccessful LV implant. Considering increased
procedural risk among patients with advanced chronic kidney
disease or on dialysis benefit/risk assessment needs to be cautiously
evaluated.70
Based on the available data, the possible attenuated benefits and the
increased risk should be taken into consideration when considering
the implantation of a CRT device in a dialysis patient. The role of
CRT in end-stage renal failure patients or on dialysis therapy has
therefore not been fully established.56, 63, 71-73 Recent appropriate use
criteria for ICD and CRT-D gives an M for “may be appropriate” for
the implantation of ICD/CRT-D in patients with advanced renal
dysfunction or in patients on dialysis.74
Diabetes and HF are associated and each condition is a risk factor
for the development of the other. Several analyses both from HF
populations and HF with CRT populations have found diabetes as
an independent predictor of morbidity and mortality,75-79 while some
studies disagree and find similar mortality with or without diabetes.80
The pathophysiology underlying HF in diabetic patients differs from
that of non-diabetic patients81 and therefore CRT might have reduced
efficacy however there is overwhelming evidence that CRT performs
equally well in both diabetic and non-diabetic patients.80,82-84
Clinical risk scores have been encouraged as a means of identifying
patients who are less likely to benefit from ICD therapy, notably the
very elderly, patients with very advanced symptoms of HF, and those
with chronic kidney disease but similar clinical risk scores have not
been developed in CRT patients.85-88 Furthermore, none of these
risk scores have been independently validated and there are no
randomized data to guide clinical decision-making.
Currently patient selection for CRT considering co-morbidities
relies on individual physician judgement.
66

Age as a Factor?

Elderly patients differ substantially from younger patients and agerelated changes in cardiac structure include increased left ventricular
mass, decreased myocyte function and increased apoptosis.89 As
mentioned above there is a natural age-dependent increase in
coexisting co-morbidities such as cerebral vascular disease, renal
dysfunction, anemia, hyponatremia, etc. in elderly patients leading
to higher rates of mortality and hospitalizations when compared
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with younger patients. It was hypothesized that the elderly would
not benefit as much from CRT as the young maybe because of high
incidence of non-cardiac death, on the other hand even a small
relative risk reduction with CRT can become evident when the
absolute risk for mortality is high.
In a MADIT-CRT sub-analysis91 a multivariate analysis
demonstrated that CRT-D therapy was associated with a significant
reduction in the risks of HF or death in patients aged 60-74, and ≥75
years (HR = 0.57 and HR = 0.59, respectively), while no significant
benefit in patients aged <60 years (HR = 0.81) was observed. Other
smaller observational studies have supported this finding.67,92
Recently it was however shown that among elderly patients (>75
years),(N=208) implanted with CRT the cause of death was mainly
non-cardiac (29% in the elderly versus 19% in non-elderly; P<0.001).
Diabetes, impaired renal function and reduced 6-minute walk
distance were independently associated with all-cause mortality in
the elderly patients.93 Competing risk of non-cardiac death could
indicate an overall reduced efficacy of a CRT device among the
elderly. Currently patient selection for CRT considering age relies
on individual physician judgement. Expected lifespan <1 year is
considered a contraindication for CRT-D or ICD. Current evidence
does not support that high age alone should be regarded as a limiting
factor or a contraindication for CRT implantation.
90

Conclusion

Physicians implanting CRT should take into account several
clinical factors when selecting patients for this therapy. Aside from
the guidelines recommended cardiac criteria of disease severity
(NYHA class), the magnitude of left ventricular dysfunction, QRS
width and morphology as well as rhythm and life-expectancy it is
important to evaluate important comorbid factors. Further data is
needed to help guide clinicians in future patient selection by setting
the right cut-off of risk/benefit and co-morbidity burden where we
cannot expect the device to have an overall positive effect.

References

1. Gasparini M, Auricchio A, Regoli F, Fantoni C, Kawabata M, Galimberti P, Pini
D, Ceriotti C, Gronda E, Klersy C, Fratini S, Klein HH. Four-year efficacy of
cardiac resynchronization therapy on exercise tolerance and disease progression:
The importance of performing atrioventricular junction ablation in patients with
atrial fibrillation. J Am Coll Cardiol. 2006;48:734-743
2. Brignole M, Auricchio A, Baron-Esquivias G, Bordachar P, Boriani G, Breithardt
OA, Cleland J, Deharo JC, Delgado V, Elliott PM, Gorenek B, Israel CW, Leclercq
C, Linde C, Mont L, Padeletti L, Sutton R, Vardas PE, Zamorano JL, Achenbach
S, Baumgartner H, Bax JJ, Bueno H, Dean V, Deaton C, Erol C, Fagard R, Ferrari
R, Hasdai D, Hoes AW, Kirchhof P, Knuuti J, Kolh P, Lancellotti P, Linhart A,
Nihoyannopoulos P, Piepoli MF, Ponikowski P, Sirnes PA, Tamargo JL, Tendera
M, Torbicki A, Wijns W, Windecker S, Blomstrom-Lundqvist C, Badano LP,
Aliyev F, Bansch D, Bsata W, Buser P, Charron P, Daubert JC, Dobreanu D,
Faerestrand S, Le Heuzey JY, Mavrakis H, McDonagh T, Merino JL, Nawar MM,
Nielsen JC, Pieske B, Poposka L, Ruschitzka F, Van Gelder IC, Wilson CM. 2013
esc guidelines on cardiac pacing and cardiac resynchronization therapy: The task
force on cardiac pacing and resynchronization therapy of the european society
of cardiology (esc). Developed in collaboration with the european heart rhythm
association (ehra). Eur Heart J. 2013;34:2281-2329
3. Epstein AE, Dimarco JP, Ellenbogen KA, Estes NA, 3rd, Freedman RA, Gettes
LS, Gillinov AM, Gregoratos G, Hammill SC, Hayes DL, Hlatky MA, Newby
LK, Page RL, Schoenfeld MH, Silka MJ, Stevenson LW, Sweeney MO. Acc/
aha/hrs 2008 guidelines for device-based therapy of cardiac rhythm abnormalities.
Heart Rhythm. 2008;5:e1-62

www.jafib.com

Featured Review
4. Tracy CM, Epstein AE, Darbar D, Dimarco JP, Dunbar SB, Estes NA, 3rd,
Ferguson TB, Jr., Hammill SC, Karasik PE, Link MS, Marine JE, Schoenfeld
MH, Shanker AJ, Silka MJ, Stevenson LW, Stevenson WG, Varosy PD. 2012
accf/aha/hrs focused update incorporated into the accf/aha/hrs 2008 guidelines for
device-based therapy of cardiac rhythm abnormalities: A report of the american
college of cardiology foundation/american heart association task force on practice
guidelines and the heart rhythm society. J Am Coll Cardiol. 2013;61:e6-e75
5. Connolly SJ, Gent M, Roberts RS, Dorian P, Roy D, Sheldon RS, Mitchell
LB, Green MS, Klein GJ, O’Brien B. Canadian implantable defibrillator study
(cids) : A randomized trial of the implantable cardioverter defibrillator against
amiodarone. Circulation. 2000;101:1297-1302
6. Parkash R, Philippon F, Shanks M, Thibault B, Cox J, Low A, Essebag V, Bashir
J, Moe G, Birnie DH, Larose E, Yee R, Swiggum E, Kaul P, Redfearn D, Tang
AS, Exner DV. Canadian cardiovascular society guidelines on the use of cardiac
resynchronization therapy: Implementation. Can J Cardiol. 2013;29:1346-1360
7. Exner DV, Birnie DH, Moe G, Thibault B, Philippon F, Healey JS, Tang AS,
Larose E, Parkash R. Canadian cardiovascular society guidelines on the use of
cardiac resynchronization therapy: Evidence and patient selection. Can J Cardiol.
2013;29:182-195
8. Moss AJ, Hall WJ, 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. Cardiac-resynchronization therapy for the prevention of heart-failure events.
N Engl J Med. 2009;361:1329-1338
9. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De Marco T, Carson
P, DiCarlo L, DeMets D, White BG, DeVries DW, Feldman AM. Cardiacresynchronization therapy with or without an implantable defibrillator in advanced
chronic heart failure. N Engl J Med. 2004;350:2140-2150
10. Tang AS, Wells GA, Talajic M, Arnold MO, Sheldon R, Connolly S, Hohnloser
SH, Nichol G, Birnie DH, Sapp JL, Yee R, Healey JS, Rouleau JL. Cardiacresynchronization therapy for mild-to-moderate heart failure. N Engl J Med.
2010;363:2385-2395
11. Linde C, Abraham WT, Gold MR, St John Sutton M, Ghio S, Daubert C.
Randomized trial of cardiac resynchronization in mildly symptomatic heart
failure patients and in asymptomatic patients with left ventricular dysfunction and
previous heart failure symptoms. J Am Coll Cardiol. 2008;52:1834-1843
12. Cleland JG, Daubert JC, Erdmann E, Freemantle N, Gras D, Kappenberger L,
Tavazzi L. The effect of cardiac resynchronization on morbidity and mortality in
heart failure. N Engl J Med. 2005;352:1539-1549
13. 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
J, Pickering F, Truex C, McAtee P, Messenger J. Cardiac resynchronization in
chronic heart failure. N Engl J Med. 2002;346:1845-1853
14. Bogale N, Priori S, Cleland JG, Brugada J, Linde C, Auricchio A, van Veldhuisen
DJ, Limbourg T, Gitt A, Gras D, Stellbrink C, Gasparini M, Metra M, Derumeaux
G, Gadler F, Buga L, Dickstein K. The european crt survey: 1 year (9-15 months)
follow-up results. Eur J Heart Fail. 2012;14:61-73
15. Auricchio A, Prinzen FW. Non-responders to cardiac resynchronization therapy:
The magnitude of the problem and the issues. Circ J. 2011;75:521-527
16. Birnie DH, Tang AS. The problem of non-response to cardiac resynchronization
therapy. Curr Opin Cardiol. 2006;21:20-26
17. Goldenberg I, Moss AJ, Hall WJ, Foster E, Goldberger JJ, Santucci P, Shinn T,
Solomon S, Steinberg JS, Wilber D, Barsheshet A, McNitt S, Zareba W, Klein
H. Predictors of response to cardiac resynchronization therapy in the multicenter
automatic defibrillator implantation trial with cardiac resynchronization therapy
(madit-crt). Circulation. 2011;124:1527-1536
18. Zareba W, Klein H, Cygankiewicz I, Hall WJ, McNitt S, Brown M, Cannom
D, Daubert JP, Eldar M, Gold MR, Goldberger JJ, Goldenberg I, Lichstein E,
Pitschner H, Rashtian M, Solomon S, Viskin S, Wang P, Moss AJ. Effectiveness of

Jun-Jul 2015| Volume 8| Issue 1

59

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

Journal of Atrial Fibrillation

cardiac resynchronization therapy by qrs morphology in the multicenter automatic
defibrillator implantation trial-cardiac resynchronization therapy (madit-crt).
Circulation. 2011;123:1061-1072
Mullens W, Grimm RA, Verga T, Dresing T, Starling RC, Wilkoff BL, Tang WH.
Insights from a cardiac resynchronization optimization clinic as part of a heart
failure disease management program. J Am Coll Cardiol. 2009;53:765-773
Mullens W, Kepa J, De Vusser P, Vercammen J, Rivero-Ayerza M, Wagner P, Dens
J, Vrolix M, Vandervoort P, Tang WH. Importance of adjunctive heart failure
optimization immediately after implantation to improve long-term outcomes
with cardiac resynchronization therapy. Am J Cardiol. 2011;108:409-415
Altman RK, Parks KA, Schlett CL, Orencole M, Park MY, Truong QA,
Deeprasertkul P, Moore SA, Barrett CD, Lewis GD, Das S, Upadhyay GA, Heist
EK, Picard MH, Singh JP. Multidisciplinary care of patients receiving cardiac
resynchronization therapy is associated with improved clinical outcomes. Eur
Heart J. 2012;33:2181-2188
Kutyifa V, Breithardt OA. How to assess the nonresponder to cardiac
resynchronization therapy-a comprehensive stepwise approach. Rev Esp Cardiol
(Engl Ed). 2012;65:504-510
Ruwald MH, Bruun NE. Invidualized cardiac resynchronization therapy: Current
status. Research Reports in Clinical Cardiology. 2014;2014:305-317
Adelstein EC, Saba S. Scar burden by myocardial perfusion imaging predicts
echocardiographic response to cardiac resynchronization therapy in ischemic
cardiomyopathy. Am Heart J. 2007;153:105-112
Sciagra R, Giaccardi M, Porciani MC, Colella A, Michelucci A, Pieragnoli P,
Gensini G, Pupi A, Padeletti L. Myocardial perfusion imaging using gated spect
in heart failure patients undergoing cardiac resynchronization therapy. J Nucl
Med. 2004;45:164-168
White JA, Yee R, Yuan X, Krahn A, Skanes A, Parker M, Klein G, Drangova M.
Delayed enhancement magnetic resonance imaging predicts response to cardiac
resynchronization therapy in patients with intraventricular dyssynchrony. J Am
Coll Cardiol. 2006;48:1953-1960
Bleeker GB, Kaandorp TA, Lamb HJ, Boersma E, Steendijk P, de Roos A, van
der Wall EE, Schalij MJ, Bax JJ. Effect of posterolateral scar tissue on clinical
and echocardiographic improvement after cardiac resynchronization therapy.
Circulation. 2006;113:969-976
Sade LE, Saba S, Marek JJ, Onishi T, Schwartzman D, Adelstein EC, Soman P,
Gorcsan J, 3rd. The association of left ventricular lead position related to regional
scar by speckle-tracking echocardiography with clinical outcomes in patients
receiving cardiac resynchronization therapy. J Am Soc Echocardiogr. 2014
Delgado V, van Bommel RJ, Bertini M, Borleffs CJ, Marsan NA, Arnold CT,
Nucifora G, van de Veire NR, Ypenburg C, Boersma E, Holman ER, Schalij MJ,
Bax JJ. Relative merits of left ventricular dyssynchrony, left ventricular lead position,
and myocardial scar to predict long-term survival of ischemic heart failure patients
undergoing cardiac resynchronization therapy. Circulation. 2011;123:70-78
Adelstein EC, Tanaka H, Soman P, Miske G, Haberman SC, Saba SF,
Gorcsan J, 3rd. Impact of scar burden by single-photon emission computed
tomography myocardial perfusion imaging on patient outcomes following cardiac
resynchronization therapy. Eur Heart J. 2011;32:93-103
Forleo GB, Di Biase L, Bharmi R, Dalal N, Panattoni G, Pollastrelli A, Tesauro
M, Santini L, Natale A, Romeo F. Hospitalization rates and associated cost
analysis of cardiac resynchronization therapy with an implantable defibrillator and
quadripolar vs. Bipolar left ventricular leads: A comparative effectiveness study.
Europace. 2015;17:101-107
Behar JM, Bostock J, Zhu Li AP, Chin HM, Jubb S, Lent E, Gamble J, Foley PW,
Betts TR, Rinaldi CA, Herring N. Cardiac resynchronization therapy delivered
via a multipolar left ventricular lead is associated with reduced mortality and
elimination of phrenic nerve stimulation: Long-term follow-up from a multicenter
registry. J Cardiovasc Electrophysiol. 2015;26:540-546

www.jafib.com

Featured Review
33. Gasparini M, Galimberti P, Ceriotti C. The importance of increased percentage
of biventricular pacing to improve clinical outcomes in patients receiving cardiac
resynchronization therapy. Curr Opin Cardiol. 2013;28:50-54
34. Boriani G, Gasparini M, Landolina M, Lunati M, Proclemer A, Lonardi G,
Iacopino S, Rahue W, Biffi M, DiStefano P, Grammatico A, Santini M. Incidence
and clinical relevance of uncontrolled ventricular rate during atrial fibrillation in
heart failure patients treated with cardiac resynchronization therapy. Eur J Heart
Fail. 2011;13:868-876
35. Ruwald AC, Pietrasik G, Goldenberg I, Kutyifa V, Daubert JP, Ruwald MH,
Jons C, McNitt S, Wang P, Zareba W, Moss AJ. The effect of intermittent atrial
tachyarrhythmia on heart failure or death in cardiac resynchronization therapy
with defibrillator versus implantable cardioverter-defibrillator patients: A maditcrt substudy (multicenter automatic defibrillator implantation trial with cardiac
resynchronization therapy). J Am Coll Cardiol. 2014;63:1190-1197
36. Healey JS, Hohnloser SH, Exner DV, Birnie DH, Parkash R, Connolly SJ,
Krahn AD, Simpson CS, Thibault B, Basta M, Philippon F, Dorian P, Nair GM,
Sivakumaran S, Yetisir E, Wells GA, Tang AS. Cardiac resynchronization therapy
in patients with permanent atrial fibrillation: Results from the resynchronization
for ambulatory heart failure trial (raft). Circ Heart Fail. 2012;5:566-570
37. Wilton SB, Leung AA, Ghali WA, Faris P, Exner DV. Outcomes of cardiac
resynchronization therapy in patients with versus those without atrial fibrillation:
A systematic review and meta-analysis. Heart Rhythm. 2011;8:1088-1094
38. 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. J Am Coll
Cardiol. 2012;59:719-726
39. Brignole M, Botto G, Mont L, Iacopino S, De Marchi G, Oddone D, Luzi
M, Tolosana JM, Navazio A, Menozzi C. Cardiac resynchronization therapy
in patients undergoing atrioventricular junction ablation for permanent atrial
fibrillation: A randomized trial. Eur Heart J. 2011;32:2420-2429
40. Doshi RN, Daoud EG, Fellows C, Turk K, Duran A, Hamdan MH, Pires LA.
Left ventricular-based cardiac stimulation post av nodal ablation evaluation (the
pave study). J Cardiovasc Electrophysiol. 2005;16:1160-1165
41. Gasparini M, Leclercq C, Lunati M, Landolina M, Auricchio A, Santini
M, Boriani G, Lamp B, Proclemer A, Curnis A, Klersy C, Leyva F. Cardiac
resynchronization therapy in patients with atrial fibrillation: The certify study
(cardiac resynchronization therapy in atrial fibrillation patients multinational
registry). JACC Heart Fail. 2013;1:500-507
42. Cheng A, Landman SR, Stadler RW. Reasons for loss of cardiac resynchronization
therapy pacing: Insights from 32 844 patients. Circ Arrhythm Electrophysiol.
2012;5:884-888
43. Koplan BA, Kaplan AJ, Weiner S, Jones PW, Seth M, Christman SA. Heart failure
decompensation and all-cause mortality in relation to percent biventricular pacing
in patients with heart failure: Is a goal of 100% biventricular pacing necessary? J
Am Coll Cardiol. 2009;53:355-360
44. 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;8:1469-1475
45. Ruwald AC, Kutyifa V, Ruwald MH, Solomon S, Daubert JP, Jons C, Brenyo
A, McNitt S, Do D, Tanabe K, Al-Ahmad A, Wang P, Moss AJ, Zareba W. The
association between biventricular pacing and cardiac resynchronization therapydefibrillator efficacy when compared with implantable cardioverter defibrillator on
outcomes and reverse remodelling. Eur Heart J.
46. Kamath GS, Cotiga D, Koneru JN, Arshad A, Pierce W, Aziz EF, Mandava A,
Mittal S, Steinberg JS. The utility of 12-lead holter monitoring in patients with
permanent atrial fibrillation for the identification of nonresponders after cardiac
resynchronization therapy. J Am Coll Cardiol. 2009;53:1050-1055
47. Kindermann M, Hennen B, Jung J, Geisel J, Bohm M, Frohlig G. Biventricular

Jun-Jul 2015| Volume 8| Issue 1

60

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Featured Review

Journal of Atrial Fibrillation

versus conventional right ventricular stimulation for patients with standard pacing
indication and left ventricular dysfunction: The homburg biventricular pacing
evaluation (hobipace). J Am Coll Cardiol. 2006;47:1927-1937
Martinelli Filho M, de Siqueira SF, Costa R, Greco OT, Moreira LF, D’Avila
A, Heist EK. Conventional versus biventricular pacing in heart failure and
bradyarrhythmia: The combat study. J Card Fail. 2010;16:293-300
Stockburger M, Gomez-Doblas JJ, Lamas G, Alzueta J, Fernandez-Lozano
I, Cobo E, Wiegand U, Concha JF, Navarro X, Navarro-Lopez F, de Teresa E.
Preventing ventricular dysfunction in pacemaker patients without advanced heart
failure: Results from a multicentre international randomized trial (prevent-hf ).
Eur J Heart Fail. 2011;13:633-641
Curtis AB, Worley SJ, Adamson PB, Chung ES, Niazi I, Sherfesee L, Shinn T,
Sutton MS. Biventricular pacing for atrioventricular block and systolic dysfunction.
N Engl J Med. 2013;368:1585-1593
Funck RC, Blanc JJ, Mueller HH, Schade-Brittinger C, Bailleul C, Maisch B.
Biventricular stimulation to prevent cardiac desynchronization: Rationale, design,
and endpoints of the ‘biventricular pacing for atrioventricular block to prevent
cardiac desynchronization (biopace)’ study. Europace. 2006;8:629-635
Funck RC, Mueller HH, Lunati M, Piorkowski C, De Roy L, Paul V, Wittenberg
M, Wuensch D, Blanc JJ. Characteristics of a large sample of candidates for
permanent ventricular pacing included in the biventricular pacing for atrioventricular block to prevent cardiac desynchronization study (biopace). Europace.
2014;16:354-362
Auricchio A, Stellbrink C, Sack S, Block M, Vogt J, Bakker P, Huth C, Schondube
F, Wolfhard U, Bocker D, Krahnefeld O, Kirkels H. Long-term clinical effect of
hemodynamically optimized cardiac resynchronization therapy in patients with
heart failure and ventricular conduction delay. J Am Coll Cardiol. 2002;39:20262033
Cazeau S, Leclercq C, Lavergne T, Walker S, Varma C, Linde C, Garrigue S,
Kappenberger L, Haywood GA, Santini M, Bailleul C, Daubert JC. Effects of
multisite biventricular pacing in patients with heart failure and intraventricular
conduction delay. N Engl J Med. 2001;344:873-880
Cleland JG, Daubert JC, Erdmann E, Freemantle N, Gras D, Kappenberger L,
Klein W, Tavazzi L. Baseline characteristics of patients recruited into the care-hf
study. Eur J Heart Fail. 2005;7:205-214
Goldenberg I, Moss AJ, McNitt S, Barsheshet A, Gray D, Andrews ML, Brown
MW, Zareba W, Sze E, Solomon SD, Pfeffer MA. Relation between renal function
and response to cardiac resynchronization therapy in multicenter automatic
defibrillator implantation trial--cardiac resynchronization therapy (madit-crt).
Heart Rhythm. 2010;7:1777-1782
Moss AJ, Brown MW, Cannom DS, Daubert JP, Estes M, Foster E, Greenberg
HM, Hall WJ, Higgins SL, Klein H, Pfeffer M, Wilber D, Zareba W. Multicenter
automatic defibrillator implantation trial-cardiac resynchronization therapy
(madit-crt): Design and clinical protocol. Ann Noninvasive Electrocardiol.
2005;10:34-43
Verbrugge FH, Dupont M, Rivero-Ayerza M, de Vusser P, Van Herendael H,
Vercammen J, Jacobs L, Verhaert D, Vandervoort P, Tang WH, Mullens W.
Comorbidity significantly affects clinical outcome after cardiac resynchronization
therapy regardless of ventricular remodeling. J Card Fail. 2012;18:845-853
Kirubakaran S, Ladwiniec A, Arujuna A, Ginks M, McPhail M, Bostock J, CarrWhite G, Rinaldi CA. Male gender and chronic obstructive pulmonary disease
predict a poor clinical response in patients undergoing cardiac resynchronisation
therapy. Int J Clin Pract. 2011;65:281-288
Theuns DA, Schaer BA, Soliman OI, Altmann D, Sticherling C, Geleijnse ML,
Osswald S, Jordaens L. The prognosis of implantable defibrillator patients treated
with cardiac resynchronization therapy: Comorbidity burden as predictor of
mortality. Europace. 2011;13:62-69
Bai R, Di Biase L, Elayi C, Ching CK, Barrett C, Philipps K, Lim P, Patel D,

www.jafib.com

62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Callahan T, Martin DO, Arruda M, Schweikert RA, Saliba WI, Wilkoff B, Natale
A. Mortality of heart failure patients after cardiac resynchronization therapy:
Identification of predictors. J Cardiovasc Electrophysiol. 2008;19:1259-1265
Dominguez-Rodriguez A, Abreu-Gonzalez P, Jimenez-Sosa A, Gonzalez J,
Caballero-Estevez N, Martin-Casanas FV, Lara-Padron A, Aranda JM, Jr. The
impact of frailty in older patients with non-ischaemic cardiomyopathy after
implantation of cardiac resynchronization therapy defibrillator. Europace. 2015
Van Bommel RJ, Mollema SA, Borleffs CJ, Bertini M, Ypenburg C, Marsan
NA, Delgado V, Van Der Wall EE, Schalij MJ, Bax JJ. Impaired renal function is
associated with echocardiographic nonresponse and poor prognosis after cardiac
resynchronization therapy. J Am Coll Cardiol. 2011;57:549-555
Finegold JA, Raphael CE, Levy WC, Whinnett Z, Francis DP. Quantification
of survival gain from cardiac resynchronization therapy: Nonlinear growth with
time, and greater gain in low-risk patients, make raw trial data an underestimate
of real-world behavior. J Am Coll Cardiol. 2013;62:2406-2413
Liu PP. Cardiorenal syndrome in heart failure: A cardiologist’s perspective. Can J
Cardiol. 2008;24 Suppl B:25B-29B
Boerrigter G, Costello-Boerrigter LC, Abraham WT, Sutton MG, Heublein DM,
Kruger KM, Hill MR, McCullough PA, Burnett JC, Jr. Cardiac resynchronization
therapy improves renal function in human heart failure with reduced glomerular
filtration rate. J Card Fail. 2008;14:539-546
Antonio N, Lourenco C, Teixeira R, Saraiva F, Coelho L, Ventura M, Cristovao
J, Elvas L, Goncalves L, Providencia LA. Cardiac resynchronization therapy is
effective even in elderly patients with comorbidities. 2010;27:61-68
Fung JW, Szeto CC, Chan JY, Zhang Q, Chan HC, Yip GW, Yu CM. Prognostic
value of renal function in patients with cardiac resynchronization therapy. Int J
Cardiol. 2007;122:10-16
Adelstein EC, Shalaby A, Saba S. Response to cardiac resynchronization therapy
in patients with heart failure and renal insufficiency. Pacing Clin Electrophysiol.
2010;33:850-859
Aggarwal A, Wang Y, Rumsfeld JS, Curtis JP, Heidenreich PA. Clinical
characteristics and in-hospital outcome of patients with end-stage renal disease
on dialysis referred for implantable cardioverter-defibrillator implantation. Heart
Rhythm. 2009;6:1565-1571
Stads S, Fortrie G, van Bommel J, Zietse R, Betjes MG. Impaired kidney function
at hospital discharge and long-term renal and overall survival in patients who
received crrt. Clin J Am Soc Nephrol. 2013;8:1284-1291
Lin G, Gersh BJ, Greene EL, Redfield MM, Hayes DL, Brady PA. Renal
function and mortality following cardiac resynchronization therapy. Eur Heart J.
2011;32:184-190
Garg N, Thomas G, Jackson G, Rickard J, Nally JV, Jr., Tang WH, Navaneethan
SD. Cardiac resynchronization therapy in ckd: A systematic review. Clin J Am Soc
Nephrol. 2013;8:1293-1303
Russo AM, Stainback RF, Bailey SR, Epstein AE, Heidenreich PA, Jessup M,
Kapa S, Kremers MS, Lindsay BD, Stevenson LW. Accf/hrs/aha/ase/hfsa/scai/
scct/scmr 2013 appropriate use criteria for implantable cardioverter-defibrillators
and cardiac resynchronization therapy: A report of the american college of
cardiology foundation appropriate use criteria task force, heart rhythm society,
american heart association, american society of echocardiography, heart failure
society of america, society for cardiovascular angiography and interventions,
society of cardiovascular computed tomography, and society for cardiovascular
magnetic resonance. J Am Coll Cardiol. 2013;61:1318-1368
Ruwald MH, Zareba W, Jons C, Zhang C, Ruwald AC, Olshansky B, McNitt
S, Bloch Thomsen PE, Shoda M, Merkely B, Moss AJ, Kutyifa V. Influence of
diabetes mellitus on inappropriate and appropriate implantable cardioverterdefibrillator therapy and mortality in the multicenter automatic defibrillator
implantation trial-reduce inappropriate therapy (madit-rit) trial. Circulation.
2013;128:694-701

Jun-Jul 2015| Volume 8| Issue 1

61

Journal of Atrial Fibrillation

76. Andersson C, Norgaard ML, Hansen PR, Fosbol EL, Schmiegelow M, Weeke P,
Olesen JB, Raunso J, Jorgensen CH, Vaag A, Kober L, Torp-Pedersen C, Gislason
GH. Heart failure severity, as determined by loop diuretic dosages, predicts the
risk of developing diabetes after myocardial infarction: A nationwide cohort study.
Eur J Heart Fail. 2010;12:1333-1338
77. Bergner DW, Goldberger JJ. Diabetes mellitus and sudden cardiac death: What
are the data? Cardiol J. 2010;17:117-129
78. Saxon LA, Bristow MR, Boehmer J, Krueger S, Kass DA, De Marco T, Carson
P, DiCarlo L, Feldman AM, Galle E, Ecklund F. Predictors of sudden cardiac
death and appropriate shock in the comparison of medical therapy, pacing, and
defibrillation in heart failure (companion) trial. Circulation. 2006;114:2766-2772
79. Wittenberg SM, Cook JR, Hall WJ, McNitt S, Zareba W, Moss AJ. Comparison
of efficacy of implanted cardioverter-defibrillator in patients with versus without
diabetes mellitus. Am J Cardiol. 2005;96:417-419
80. Fantoni C, Regoli F, Ghanem A, Raffa S, Klersy C, Sorgente A, Faletra F, Baravelli
M, Inglese L, Salerno-Uriarte JA, Klein HU, Moccetti T, Auricchio A. Long-term
outcome in diabetic heart failure patients treated with cardiac resynchronization
therapy. Eur J Heart Fail. 2008;10:298-307
81. Aneja A, Tang WH, Bansilal S, Garcia MJ, Farkouh ME. Diabetic cardiomyopathy:
Insights into pathogenesis, diagnostic challenges, and therapeutic options. Am J
Med. 2008;121:748-757
82. Martin DT, McNitt S, Nesto RW, Rutter MK, Moss AJ. Cardiac resynchronization
therapy reduces the risk of cardiac events in patients with diabetes enrolled
in the multicenter automatic defibrillator implantation trial with cardiac
resynchronization therapy (madit-crt). Circ Heart Fail. 2011;4:332-338
83. Kies P, Bax JJ, Molhoek SG, Bleeker GB, Boersma E, Steendijk P, van der Wall
EE, Schalij MJ. Comparison of effectiveness of cardiac resynchronization therapy
in patients with versus without diabetes mellitus. Am J Cardiol. 2005;96:108-111
84. Ghali JK, Boehmer J, Feldman AM, Saxon LA, Demarco T, Carson P, Yong P,
Galle EG, Leigh J, Ecklund FL, Bristow MR. Influence of diabetes on cardiac
resynchronization therapy with or without defibrillator in patients with advanced
heart failure. J Card Fail. 2007;13:769-773
85. Sheldon R, Connolly S, Krahn A, Roberts R, Gent M, Gardner M. Identification of
patients most likely to benefit from implantable cardioverter-defibrillator therapy:
The canadian implantable defibrillator study. Circulation. 2000;101:1660-1664
86. Kramer DB, Friedman PA, Kallinen LM, Morrison TB, Crusan DJ, Hodge DO,
Reynolds MR, Hauser RG. Development and validation of a risk score to predict
early mortality in recipients of implantable cardioverter-defibrillators. Heart
Rhythm. 2012;9:42-46
87. Barsheshet A, Moss AJ, Huang DT, McNitt S, Zareba W, Goldenberg I.
Applicability of a risk score for prediction of the long-term (8-year) benefit of
the implantable cardioverter-defibrillator. J Am Coll Cardiol. 2012;59:2075-2079
88. van Rees JB, Borleffs CJ, van Welsenes GH, van der Velde ET, Bax JJ, van Erven L,
Putter H, van der Bom JG, Schalij MJ. Clinical prediction model for death prior
to appropriate therapy in primary prevention implantable cardioverter defibrillator
patients with ischaemic heart disease: The fades risk score. Heart. 2012;98:872877
89. Olivetti G, Melissari M, Capasso JM, Anversa P. Cardiomyopathy of the
aging human heart. Myocyte loss and reactive cellular hypertrophy. Circ Res.
1991;68:1560-1568
90. Lee DS, Austin PC, Rouleau JL, Liu PP, Naimark D, Tu JV. Predicting mortality
among patients hospitalized for heart failure: Derivation and validation of a
clinical model. Jama. 2003;290:2581-2587
91. Penn J, Goldenberg I, Moss AJ, McNitt S, Zareba W, Klein HU, Cannom DS,
Solomon SD, Barsheshet A, Huang DT. Improved outcome with preventive
cardiac resynchronization therapy in the elderly: A madit-crt substudy. J
Cardiovasc Electrophysiol. 2011;22:892-897
92. Delnoy PP, Ottervanger JP, Luttikhuis HO, Elvan A, Misier AR, Beukema WP,

www.jafib.com

Featured Review
van Hemel NM. Clinical response of cardiac resynchronization therapy in the
elderly. Am Heart J. 2008;155:746-751
93. Hoke U, Putter H, Van Der Velde ET, Schalij MJ, Delgado V, Bax JJ, Marsan NA.
Left ventricular reverse remodeling, device-related adverse events, and long-term
outcome after cardiac resynchronization therapy in the elderly. Circ Cardiovasc
Qual Outcomes. 2014;7:437-444

Jun-Jul 2015| Volume 8| Issue 1

