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IntroductIon

Sudden death, stroke and heart failure are the three big 
cardiovascular killers. Myocardial infarction (MI) that does 
not result in sudden death or heart failure is rarely fatal.1,2 
Sudden death is probably the expression of both 
arrhythmic and vascular events,3 and its prevention is 
likely to require a strategy that manages both arrhythmic 
and vascular risk. There is reasonably good evidence that 
effective pharmacological treatment of post-infarction left 
ventricular (LV) dysfunction reduces the risk of sudden 
death and overall mortality.3,4 The evidence that treatment 
directed at the coronary arteries, including percutaneous 
or surgical revascularisation, reduces the risk of sudden 
death or prolongs life outside of the setting of an acute 
coronary syndrome is dubious.5,6 Many stroke patients 
recover without major disability, and good treatment of 
hypertension and lipids will reduce the risk of recurrence,7–9 
although the evidence for antiplatelet therapy is in doubt.10 
This leaves heart failure as the most recalcitrant and 
increasingly common serious cardiovascular problem. 

The prognosis of patients in clinical trials of heart failure 
remains generally poor.11,12 Patients with mild to moderate 
symptoms and objective confirmation of cardiac 

dysfunction still have an annual mortality of 10–15% per 
year.11 In clinical practice, mortality may be even higher 
and exceed 40% per year in patients who have survived a 
recent hospitalisation for worsening heart failure.13 Older 
patients fare less well. The average age of patients with 
heart failure in the UK is about 75 years, although 
somewhat lower for patients with heart failure and a low 
ejection fraction (EF). Heart failure is also characterised 
by troublesome symptoms that may be recurrently or 
persistently severe. For some patients prognosis and for 
other patients symptoms are the treatment priority. 

Heart failure is not a single entity. Its aetiology and 
pathophysiology are complex. Most patients will have 
several reasons for developing symptoms and signs of 
heart failure. Heart failure may be due to valve disease; 
arrhythmias such as atrial fibrillation; cardiac pressure (e.g. 
hypertension) or volume (e.g. anaemia) overload; dilatation 
of the left ventricle with a reduced EF (‘systolic’ heart 
failure); or impaired compliance of the left ventricle with 
reduced filling (‘diastolic’ heart failure).  Any cause of heart 
failure that cannot be corrected carries a similarly poor 
prognosis.14–16 However, each cause may require a different 
therapeutic approach, although some, such as the relief of 
congestion using diuretics, may be common to all. 

Applying evidence-based device care in 
cardiovascular patients: which patient with 
heart failure and what device?

ABStrAct In terms of engineering, clinical understanding and application, device 
therapy remains in its infancy. In clinical trials, implantable cardiac defibrillators 
(ICDs) have greatly reduced the rate of sudden death and had a modest impact 
on mortality in a relatively broad range of patients. They do not generally improve 
symptoms and may make them worse. Cardiac resynchronisation therapy (CRT) 
devices have been used more selectively – probably far too selectively – and have 
shown substantial improvement in symptoms and a large reduction in mortality 
both by reducing sudden death and death due to heart failure. These effects are 
not explained solely by improved ventricular function, and the clinical response 
to therapy has so far not been predicted well by any method of assessing cardiac 
function or dyssynchrony. Reduction in brady-arrhythmia-triggered sudden death 
may be an underestimated benefit of biventricular pacing. In recent trials, heart 
failure patients implanted with a device have had a remarkably low mortality.  
This forces the clinical community to contemplate universal device use for 
patients with heart failure, except in those who have irremediable, life-limiting, 
non-cardiac disease. For most patients this should be CRT or a combination of 
CRT and an ICD (CRT-D). 
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The 20th century saw the development of devices for 
treating arrhythmias. The 21st century has started with 
an explosion of interest and evidence that devices are 
also widely indicated for patients with heart failure.17 The 
initial focus was on implantable cardiac defibrillators 
(ICDs)18,19 to try to reduce arrhythmic deaths, and 
ventricular assist devices (VADs)20–22 to support the 
heart. More recently, atrio-biventricular pacemakers, 
otherwise called cardiac resynchronisation therapy 
(CRT) devices, have been shown to have striking benefits 
for patients with heart failure.18,23–26 This article will focus 
on ICDs, CRT devices and their combination (CRT-D). 

ImplAntABle defIBrIllAtorS
Current guidelines suggest that ICDs should be deployed 
widely in patients with severe chronic LV dysfunction, but 
vary in their recommendations about seeking additional 
evidence of risk from fatal arrhythmias (Table  1).27–33 

These guidelines are based on a series of studies focused 
on secondary (i.e. patients who have had a symptomatic 
ventricular arrhythmia)34–37 and primary (patients who 
have not had a symptomatic episode) prevention of 
sudden death, which have produced rather modest results 
(Tables 2A and 2B).19,38–43 For secondary prevention, 
compared with anti-arrhythmic therapy that might actually 
have an adverse effect on prognosis,19,44 ICDs will save 
about seven lives over the first year for every 100 devices 
implanted in the best-performing trial,34 with a sustained 
but not growing benefit thereafter. However, patients with 
an LVEF >40% and those aged >75 years derived no 
benefit, due to a propensity to die of things other than 
arrhythmias.37,45 For primary prevention, for every 100 
ICDs implanted into patients with chronic LV dysfunction, 
one or two deaths will be prevented each year.46 Over a 
ten-year period this is a substantial effect, but for patients 
who have a life-expectancy of less than five years due to 
other diseases the effect could be considered rather 
small.47 Although ICDs may reduce sudden death if 
implanted within the first few weeks after an MI, they 
appear to accelerate death from other causes, possibly 
heart failure, and have no overall effect on mortality.48–50 
On the other hand, the MADIT-II trial43 suggests that late 
implantation of an ICD months or years after an MI in 
patients with an LVEF <30% is moderately effective at 
reducing all-cause mortality.

There are probably several reasons for the failure of 
ICDs to have a large impact on survival. Most importantly, 
although ICDs reduced sudden death, many patients go 
on to die of heart failure. It is even possible that ICDs 
accelerate this process, either because of right ventricular 
(RV) pacing or because of myocardial damage associated 
with defibrillator shocks.51 Adverse effects on the 
remodelling of ‘soft’ myocardial scarring after an MI may 
account for the lack of effect of ICD implantation 
shortly after an MI, even though it reduces arrhythmic 
death.48,49,52 As noted above, many patients with heart 
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Abbreviations:  ACCF = American College of Cardiology Foundation;  AHA 
= American Heart Association; CRT-D = cardiac resynchronisation therapy 
defibrillator; EF = ejection fraction; ESC = European Society of Cardiology; 
LVEF = left ventricular ejection fraction; NICE = National Institute for 
Health and Clinical Excellence; NYHA = New York Heart Association 
classification; SIGN = Scottish Intercollegiate Guidelines Network;  
VT = ventricular tachycardia; positive VTS = spontaneous non-sustained 
VT on Holter monitoring and inducible VT during electrophysiology study 

tAblE 1 Summary of NICE, SIGN, ESC and AHA/ACCF 
guidelines for implantable cardiac defibrillators



failure are elderly and have many other potentially fatal 
co-morbid diseases. Although an ICD may reduce 
arrhythmic deaths, it will do nothing to prevent death 
due to respiratory or renal disease.45 ICDs generally 
have little or no benefit when implanted in patients aged 
>75 years,45 although in carefully selected patients there 
is a sparse amount of evidence indicating benefit.53

Implantable cardiac defibrillators are expensive and 
associated with substantial morbidity,54 including the 
risks of implantation, device infection and malfunction, 
inappropriate shocks (i.e. shocks delivered due to false 
detection of an arrhythmia) or appropriate but 
unnecessary shocks (i.e. shocks given for a ventricular 
arrhythmia that would have self-terminated if left alone) 
and the need for replacement every few years, a 
procedure that carries appreciable risk. Many shocks are 
painful although some patients are oblivious to them, not 
even waking from sleep. Moreover, ICDs rarely  
provide symptomatic benefit, although anti-tachycardia 

pacing functions can reduce the symptoms associated  
with arrhythmias. Technological advances may reduce 
these risks. Conceptual advances may make an  
even bigger contribution. Just making the devices  
hesitate before intervening may reduce the rate of  
shocks by >75%.47 

Patients with severe LV systolic dysfunction who are 
relatively young and with few co-morbidities (already a 
lower-risk population) have an extraordinarily low 
mortality if also managed with an ICD.18 In other words, 
if the LV is sick and the patient is well then ICDs appear 
to exert a powerful benefit. On the other hand, for 
patients with moderately severe heart failure, ICDs are 
associated with little or no benefit.19 However, as 
treatment for heart failure and other chronic diseases 
improves, so the importance of reducing arrhythmic 
death may increase and so smaller, safer and less 
expensive devices should be developed. 

Which patient with heart failure and what device?
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tAblE 2A Summary of multi-centre randomised controlled trials of implantable cardioverter defibrillators. 
(The COMPANION trial is included in Table 4A. MUSTT44 was not truly a randomised trial of ICDs and is excluded.)

Primary prevention trials in patients with chronic left ventricular dysfunction

DEFINItE38 AMIOVIRt39 CAt40 SCD-HeFt19 CAbG 
Patch41

MADIt42 MADIt 
II43

IHD (%) Excluded Excluded Excluded 58 100 100 100

Recent MI (%) Excluded Excluded Excluded Rare Rare 25 12

Median duration (months) 29 24 66 45.5 32 37 20

Total number (n) 458 103 104* 2,521 900 196 1,232

Control group (n) 229 52 54 847/845¶ 454 92 490

Medical treatment Standard† Amiodarone Standard† Placebo/ 
amiodarone¶

Standard† Standard† Standard†

LVEF (%)‡ ≤36/21 ≤35/23 ≤30/24 ≤35/25 ≤36/27 ≤35/26 ≤30/23

Age (years) 58 60 52 60 64 63 65

Additional evidence of 
arrhythmia risk required?

Yes (NSVT 
or VES)

Yes (NSVT) No No (but NSVT 
present in 23% 
and cardiac 
syncope in 6%)

Yes 
(SAECG)

Yes (EP) No

Heart failure (%) 100 100 100 100 50 51 ~75

NYHA class** 22/57/21/0 13/63/24/0 0/65/35/0 0/70/30/0 27/73/0 65% in II/III 36/35/29/0

Were subjects taking  
AA drug class I?

No No No No Yes (15%) NA Yes (3%)

Patients taking beta 
blockers (%)

85 51 3.8 69 21 34 70

Was all-cause mortality 
significantly reduced?

No No No Yes No Yes Yes

Was arrhythmic death 
significantly reduced?

Yes No No Yes No Yes Yes

*Terminated after 104th patient because of the low all-cause mortality rate. †Standard contemporary background therapy, MUSTT EP = 
Electrophysiology test guided therapy (Ia, Amiodarone, Sotalol). ‡Numbers given are those for the entry criterion and the mean or median 
value at baseline. ¶Conventional therapy + placebo or amiodarone or defibrillator. **NYHA class shown as percentage in class I/ II/III/IV, in case 
of CABG Patch NYHA I/II–III/IV.  Abbreviations:  AA = anti-arrhythmic; electrophysiology test-guided therapy (Ia, amiodarone, sotalol); ICD = 
implantable cardioverter defibrillator; IHD = ischaemic heart disease; LVEF = left ventricular ejection fraction; MI = myocardial infarction;  
NA = not available; NSVT = non-sustained ventricular tachycardia; NYHA = New York Heart Association classification; SAECG = abnormal 
signal-averaged electrocardiogram; VES = ventricular extrasystole.



One potential lower-cost solution for defibrillation is  
a subcutaneous ICD, which is simpler and safer  
to implant and requires less skill.55 However, this change 
in technology raises some fundamental concerns  
about the mechanism of action of ICDs. It is assumed 
that since ICDs are designed to deliver shocks to  
treat ventricular tachyarrhythmias, this must be  
their mechanism of benefit. However, brady-arrhythmias 
may be as or more lethal in this population and, 
presumably, require only pacing.47,56–58 It is possible that  
it is the pacing function of ICDs that is the key to  
their success. Indeed, the only study to compare  
pacing alone to pacing with an ICD failed to show  
a difference.25 Subcutaneous defibrillators do not  

have a pacing function and so their efficacy cannot  
be assumed.

cArdIAc reSynchronISAtIon therApy

Current guidelines recommend the use of CRT only in 
selected groups of patients with heart failure with 
advanced symptoms, severe LV systolic dysfunction and 
with a broad QRS complex (Table 3). Recommendations 
on patient selection reflect the selection criteria applied 
in clinical trials rather than identification of groups of 
patients that did not benefit from CRT. You cannot prove 
that something does not work until you show it does 
not work!
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tAblE 2b Summary of multi-centre randomised controlled trials of implantable cardioverter defibrillators

Primary prevention after myocardial 
infarction

Secondary prevention

DINAMIt48 IRIS49 bESt-ICD50 CIDS35 CASH36 AVID34

IHD (%) 100 100 100 83 75 82

Recent MI 6–40 days 5–31 days 5–30 days Excluded within 
3 days

Excluded within 
3 days

Excluded 
within 5 days

Median duration (months) 30 37 17 36 57 22

Total number (n) 674 898 143 659 288 1,016

Control group (n) 342 453 59 331 92/97 509

Medical treatment Standard* Standard* Metoprolol/
EP†

Amiodarone Amiodarone/
Metoprolol/
Propafenone

Amiodarone

LVEF (%)‡ ≤35/28 ≤40/35 ≤35/31 Mean 34 Mean 45 Mean 32

Age (years) 62 62 66 63 58 66

Cardiac arrest or cardiac 
syncope

Excluded >48 
hours post MI

Excluded SCD only 
due to VF

75% 100% 66%

Symptomatic VT Excluded Excluded Excluded 38% 100% 55%

Additional evidence of 
arrhythmia risk required?

Yes (↓HRV or 
↑HR)

Yes (NSVT 
or ↑HR)

Yes (↓HRV, 
SAECG or 
VES)

EP if enrolled due 
to unexplained 
syncope (14% of 
patients)

No No

Heart failure (%) 48 45 11+51¶ 50 NA 57

NYHA class** 13/60/27/0 28/60/12/0.1 NA 39/11  27/57/16/0 48/9

Were subjects taking AA 
drug class I?

No No No Yes (8%) Propafenone 
arm terminated 
early

No

Patients taking beta 
blockers (%)

87 96 100 76 0/0/99†† 59

Was all-cause mortality 
significantly reduced?

No No No No No Yes

Was arrhythmic death 
significantly reduced?

Yes Yes No No Yes Yes

*Standard contemporary background therapy. †Metoprolol vs EP-guided drug (if no VT on test), Metoprolol vs ICD (if VT on test). ‡Numbers given are 
those for the entry criterion and the mean or median value at baseline. ¶ History of heart failure + heart failure in coronary care unit. **NYHA class 
shown as percentage in class I/ II/III/IV, in case of CIDS and AVID NYHA I–II/III–IV. ††Beta blockers used in the ICD, amiodarone and metoprolol groups, 
respectively.  Abbreviations: AA = anti-arrhythmic; EP = electrophysiology test-guided therapy (Ia, amiodarone, sotalol); HR= elevated heart rate on 
24-hour tape recording; HRV = depressed heart rate variability; ICD = implantable cardioverter defibrillator; IHD = ischaemic heart disease;  LVEF = left 
ventricular ejection fraction; MI = myocardial infarction; NA = not available; NSVT = non-sustained ventricular tachycardia; NYHA = New York Heart 
Association classification; SAECG = abnormal signal averaged electrocardiogram; SCD = sudden cardiac death; VES = ventricular extrasystole;  
VF = ventricular fibrillation; VT = ventricular tachycardia.



In contrast to the trials of ICDs, trials of CRT have been 
uniformly successful when adequately powered (Tables 
4A and 4B).18,23–26,59–66 This is of some concern because the 
observed large and consistent benefits suggest that the 
inclusion/exclusion criteria in these trials may have been 
too narrow. Once the effects of crossovers are factored 
in, CRT may halve mortality, with an absolute reduction 
in mortality of about 20% over three years.24 In other 
words, the effect of CRT may be about three times 
greater than an ICD.

Cardiac resynchronisation therapy devices are relatively 
low in cost. The LV lead requires skill to implant and lead 
displacement is common, although technological advances 
are reducing both these problems.54,67 Otherwise, the 
morbidity associated with these devices is much lower than 
with ICDs and they have the potential to improve cardiac 
function and symptoms, sometimes dramatically.18,24,26,68,69 
Three recent analyses suggest that CRT reduces morbidity 
and mortality even in patients with few or no symptoms.18,26,70 
Indeed, patients with mild to moderate symptoms and less 
severe cardiac dysfunction may gain the greatest benefit 
from CRT device implantation.71 

As with ICDs there is considerable confusion about how 
CRT works. The conventional wisdom is that CRT 
resynchronises uncoordinated ventricular function. 
However, all the large CRT trials studied only patients in 
sinus rhythm and shortened the atrioventricular (AV) 
delay to maximise LV preload and reduce diastolic mitral 
regurgitation.17,72 Cardiac resynchronisation therapy can 
also reduce systolic mitral regurgitation,69 presumably by 
improving the timing of papillary muscle activation. The 

hallmark of improved cardiac performance with CRT is a 
rise in systolic blood pressure.25,64 Interestingly, it is the 
timing of AV stimulation rather than RV/LV stimulation 
that makes the largest difference to blood pressure.73 Low 
blood pressure is an ominous prognostic sign and predicts 
a greater effect of CRT on morbidity and mortality.74 

Moreover, attempts to predict benefit based on ventricular 
dyssynchrony have met with little success,75,76 and the PR 
interval rather than the QRS duration may be the better 
predictor of benefit from CRT.77 

Perhaps most telling of all is the dissociation between the 
effects of CRT on cardiac function and clinical outcome.75,78 
Improvement in cardiac function three months after 
implant explains very little of the long-term benefit of 
CRT.75 Patients with ischaemic heart disease have more LV 
scarring and, as expected and observed for other 
interventions,79 LV function improves less with CRT 
compared to patients with dilated cardiomyopathy.78 
However, patients with ischaemic heart disease get a 
somewhat greater reduction in mortality. Cardiac 
resynchronisation therapy is exerting effects in ways 
other than improved cardiac function. Indeed, CRT 
reduces the risk of sudden death either by preventing fatal 
brady- or tachyarrhythmias.24,80 The concept that pacing 
alone can prevent ventricular tachycardia is not new.81–84

When interpreting reports investigating the relationship 
between clinical and imaging characteristics and CRT 
technology it is important to distinguish between the 
concepts of outcome and response.72 Observational 
trials cannot distinguish between response and outcome; 
that requires a controlled, preferably randomised, trial. 
Observational studies of CRT are confounded by at least 
two specific, major problems. Firstly, for any given LVEF, 
patients with dyssynchrony will have a better outcome 
even if they do not get CRT.75,76,85 This is perfectly logical. 
If the LVEF is 30% and there is no dyssynchrony, then it 
is a ‘real’ value. On the other hand, if dyssynchrony is 
present, the sum of regional EFs will be >30%. 
Dyssynchrony is a sign of viability.86 The second major 
problem is that, as noted above, improvement in LVEF is 
a poor surrogate for the clinical benefits of CRT. The 
aetiology of LV damage is the major determinant of 
whether LVEF will improve.78 Observational trials should 
always show that patients with dyssynchrony do better 
and patients with ischaemic heart disease do worse, 
regardless of whether they get CRT or not. Randomised 
controlled trials are the only rigorous way of evaluating 
the response to therapy. 

cArdIAc reSynchronISAtIon devIceS 
wIth A defIBrIllAtor functIon

The assumption from guidelines is that CRT-D is the sum 
of its constituent parts, CRT and ICD. It is not clear that 
this is true. Cardiac resynchronisation therapy could make 
ICDs work much better because it reduces the risk of 

Which patient with heart failure and what device?
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tAblE 3 Guidelines for cardiac resynchronisation therapy

NICE27 SIGN28 ESC 
Heart 
Failure29

ACCF/
AHA 
Heart 
Failure30

NYHA III-IV III-IV III-IV III-IV

Ejection 
fraction

≤35% ≤35% ≤35% ≤35%

QRS 
duration

≥150 ms
or 120– 
149 ms*

>120 ms ≥120 ms ≥120 ms

Rhythm Sinus Sinus No require-
ments

Sinus**  
or AF***

Pharmaco-
therapy 
requirement

‘Optimal’ ‘Drug 
refractory 
symptoms’

‘Optimal’ ‘Optimal’

*Mechanical dyssynchrony confirmed by echocardiography also required.
**Class I recommendation.  ***Class IIa recommendation.
Abbreviations: ACCF = American College of Cardiology Foundation; 
AF = atrial fibrillation;  AHA = American Heart Association; ESC 
= European Society of Cardiology; NICE = National Institute for 
Health and Clinical Excellence; NYHA = New York Heart Association 
classification; SIGN = Scottish Intercollegiate Guidelines Network 



dying from heart failure. Even though CRT reduces the 
rate of sudden death, the proportion of the deaths that 
are sudden may increase because it is even more effective 
at reducing death due to worsening heart failure. On the 
other hand, many sudden deaths may be due to brady-
arrhythmias that are adequately treated by pacing, and 
CRT may also improve ventricular function and suppress 
tachyarrhythmias.56–58 These effects could reduce the role 
of adding an ICD function to a CRT device. 

The only trial to compare CRT and CRT-D head-to-head 
is COMPANION,25 in which patients assigned to CRT-D 
had the lowest mortality – but not significantly less than 
with CRT alone. Benefits in terms of a rise in blood 
pressure, improved symptoms and increased exercise 
capacity were similar with CRT and CRT-D. Extrapolation 
from this study and from CARE-HF suggest that  

75% of the benefits of CRT-D are delivered by the  
CRT component.87,88

Should All heArt fAIlure pAtIentS who 
Are ABout to receIve An Icd get crt-d?

On present evidence it is hard to justify implanting an 
ICD rather than a CRT-D device into a patient who has 
heart failure and important LV systolic dysfunction. 
Heart failure is a progressive disease: the QRS gets 
wider with time,89,90 ventricular function is likely to 
deteriorate and symptoms progress. The patient may not 
need CRT at the time of implant but runs a high risk of 
needing it before the device needs to be replaced. As 
these devices are expensive and replacement entails 
morbidity and mortality, there is a strong argument for 
the default position of implanting a CRT-D device unless 
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tAblE 4A Summary of multi-centre randomised controlled trials of cardiac resynchronisation therapy

MUStIC CONtAK62 MIRAClE COMPANION25

Sinus60 AF61 CRt23 ICD63 ICD-II64

Blinded Single Single Double Double Double Double No

Median duration (months) 3 (X-over) 3 (X-over) 3–6 6 6 6 12–16

Total number (n) 131 490 453 369 186 1,520

Control group (n) 67 (X-over) 64 (X-over) 245 225 182 101 308

ICD required? No No Yes No Yes Yes In one group only

Age (years) 64 65 66 64 67 63 67

Sinus rhythm Yes No Yes Yes Yes Yes Yes

QRS (ms)* >150/174 >200/209 >120/160 >130/165 >130/165 >130/166 >120/160

Dyssynchrony required? No No No No

LVEF (%)* <35/23 <35/26 <35/21 <35/22 <35/24 <35/24 <35/20

NYHA class† 0/100/0 0/100/0 32/60/8 0/90 /10 0/88/12 100/0/0 0/87/13

Median QoL** 47 44 42 59 56 41 39

IHD (%) ~37 NA 67 50 64 55 54

ACE inhibitor (%) 96 100 86 93 93 98 89

Beta blocker (%) 28 23 48 62 62 64 68

Spironolactone (%) 22 16 NA NA NA NA 53

Improvement in LV function NA NA Yes Yes Borderline Yes NA

Improvement in symptoms NA NA No†† Yes Yes Yes Yes

Improvement in exercise 
capacity

Yes No Yes Yes Equivocal No Yes

Improvement in QoL Yes No No†† Yes Yes No Yes

Reduction in hospitalisation 
for HF

Yes No No Yes No No Yes

Improvement in CCS NA NA NA NA NA NA NA

Improvement in mortality Not 
powered to 
assess

Not 
powered to 
assess

Not 
powered to 
assess

Not 
powered 
to assess

Not 
powered 
to assess

Not 
powered 
to assess

Yes

‘X-over’ means crossover design, and numbers shown are the number of patients who entered the first phase of the study. Other studies used 
a parallel group design. *Numbers given are those for the entry criterion and the mean or median value at baseline. †NYHA class is shown as 
percentage in class I or II/III/IV. **Quality of life (QoL) assessed using the Minnesota Living with Heart Failure instrument.  Abbreviations:  ACE = 
angiotensin-converting enzyme; CCS = clinical composite score (including all-cause mortality, HF hospitalisation, NYHA class and global assessment); 
HF = heart failure; ICD = implantable cardioverter defibrillator; IHD = ischaemic heart disease; LV = left ventricular; LVEF = left ventricular ejection 
fraction; NA = not available; NYHA = New York Heart Association; QoL = quality of life



there are good reasons not to. Less expert implanters 
may decide to implant a CRT-D device without the LV 
lead with the intention of upgrading when needed, since 
LV lead displacement is the major added complication of 
implanting a CRT-D rather than ICD alone. Expert 
implanters should consider implanting a fully functioning 
system and reduce the ventricular pacing to a back-up 
mode if activation causes a decline in blood pressure or 
worsening cardiac function or symptoms. 

The evidence that QRS width is an important predictor 
of clinical benefit with CRT is controversial,18,26,75,76 
especially when hard outcomes, such as death, are 
considered. Studies suggesting a link between QRS 
duration and improvement in ventricular function with 
CRT should be interpreted with caution in view of the 
fact that changes in ventricular function are a poor 
indicator of long-term clinical benefit. Since we have no 
evidence that any segment of the population does not 
benefit from CRT, and because the CRT function can be 

programmed on and off at will, it is difficult to find a 
good argument, other than operator skill and perhaps 
lead displacement, not to prefer implanting a CRT-D 
device rather than an ICD.

whIch heArt fAIlure pAtIentS who hAve 
An IndIcAtIon for crt Should hAve crt-d?

Most of the benefit of CRT-D is delivered by the CRT 
component.88 Patients selected for CRT-D should be at 
low risk of dying from lung, renal or other non-cardiac 
disease, with the hope that CRT will reduce the risk of 
dying from heart failure and the ICD component will 
deal with any ventricular arrhythmias not prevented by 
CRT. Age is an important indicator of dying from 
co-morbid disease and therefore the wisdom of 
implanting a CRT-D device in patients aged >75 years is 
of particular concern.45,53

Which patient with heart failure and what device?
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tAblE 4b Summary of multi-centre randomised controlled trials of cardiac resynchronisation therapy

CARE-HF REtHINQ66 MADIt CRt18 REVERSE

Main65 Extension24 Main67 Extension26

Blinded No Double Double Double

Median duration (months) 30 37 6 2.4 12 24

Total number (n) 813 172 1,820 610 262

Control group (n) 404 85 731 191 82

ICD required? No Yes Yes Yes

Age (years) 67 59 65 62 61

Sinus rhythm Yes Yes Yes Yes

QRS (ms)* >120/160 <130/106 >130/NA >120/153 >120/156

Echo for dyssynchrony required? Only if QRS 120–149 ms Yes No No

LVEF (%)* <35/25 <35/25 <30/24 <40/26 <40/28

NYHA class† 0/94/6 (23/65/11†) 0/100/0 100/0/0 100/0/0

Median QoL** 44 55 NA 28 26

IHD (%) 40 53 55 54 43

ACE inhibitor (%) 95 90 97 96 99

Beta blocker (%) 70 95 93 95 93

Spironolactone (%) 54 NA 31 NA

Improvement in:

LV function Yes NA No Yes Yes Yes

Symptoms Yes NA Yes NA Yes Yes

Exercise capacity NA NA No NA No No

QoL Yes NA No NA No No

Hospitalisation for HF Yes NA NA Yes Yes Yes

CCS NA NA NA NA No Yes

Mortality Yes Yes Not powered to 
assess

No Not powered 
to assess

Yes

*Numbers given are those for the entry criterion and the mean or median value at baseline. †Physician-reported NYHA class shown as a 
percentage in class I or II/III/IV.  **Quality of life (QoL) assessed using the Minnesota Living with Heart Failure instrument.  Abbreviations:  ACE 
= angiotensin-converting enzyme; CCS = clinical composite score (including all-cause mortality, HF hospitalisation, NYHA class and global 
assessment); HF = heart failure; ICD = implantable cardioverter defibrillator; IHD = ischaemic heart disease; LV = left ventricular; LVEF = left 
ventricular ejection fraction; NA = not available; NYHA = New York Heart Association; QoL = quality of life.



remote monItorIng

Many implanted devices are now enabled for remote 
monitoring, either to check on how the device is 
performing and so replace routine hospital visits, or to 
monitor the patient.91,92  A great variety of patient-
monitoring technologies are available, ranging from 
recording physical activity, arrhythmias, heart rate, heart 
rate variability and thoracic fluid impedance to cardiac 
pressures and flow. The ability to monitor device 
function remotely is designed to improve care rather 
than outcomes, although detection of device faults (rare 
events) can reduce morbidity and save lives. There is 
considerable evidence that non-invasive monitoring can 
reduce mortality.93,94 There is every expectation that 
implanted monitors can too.

concluSIon

The introduction of devices into the routine management 
of heart failure has improved symptoms and prognosis 
remarkably when used sensibly in selected patients. The 
treatment effect of CRT is so large that it is likely that 
many other groups of patients will benefit than have 
been studied so far. Adequately powered randomised 
trials of sufficient duration are required to address this 
issue. The potential of devices to modulate heart rate 
and myocardial contractility has not yet been fully 
established or exploited. The past decade has seen the 
introduction of ICDs and CRT into mainstream 
cardiology. Hopefully the next decade will help determine 
the limits of such therapy and the arrival of new 
technologies, such as ventricular assist devices, as part of 
the routine management of heart failure.
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education

1. Primary prevention use of implantable cardiac 
defibrillators (ICD) implies:

A. Implanting a device into all patients with a family 
history of sudden death.

B. Implanting a device in all patients following a primary 
percutaneous intervention (PPCI).

C. Implanting a device as the first step in heart failure 
device care.

D. Implanting an ICD without a history of syncopal 
ventricular tachycardia.

E. The prevention of sudden death after successful 
primary rescuscitation.

2. Which two of the following statements are true?

A. The cost-effectiveness of ICD implantation after 
resuscitated cardiac arrest due to ventricular fibrillation 
is unclear.

B. The impact of primary prevention ICD implantation is 
of the order of one to two deaths deferred per year in 
cases selected on the basis of current NICE criteria.

C. There is no evidence of harm associated with recurrent 
ICD activation provided that this is due to correctly 
detected ventricular tachyarrhythmia.

D. Young patients (<60 years) with left ventricular systolic 
dysfunction have clearly more to gain by prophylactic 
ICD implementation due to the cumulative benefit of 
longer life expectancy.

E. Repeated need for generator replacement, while 
expensive, is associated with minimal or no risks to 
treated patients.

3. Which of the following statements is correct 
when considering biventricular pacing 
indications?

A. Patients with right bundle branch block respond just as 
well as those with left bundle branch block.

B. Patients with atrial fibrillation show no evidence of 
benefit from cardiac resynchronisation therapy (CRT).

C. There is a clear relationship between a response to 
CRT and a wide range of echocardiographic markers of 
left ventricular filling and contraction.

D. Some patients may fail to achieve transvenous pacing 
capture despite multiple lead positioning, and can be 
considered for epicardial lead placement.

E. Scarring of the myocardium has no impact on lead 
placement or outcomes in response to CRT.

4. Combined CRt and ICD functionality (CRt-D) is 
associated with which of the following benefits?

A. A possible role for bradyarrhythmia pacing in 
preventing sudden death or escape tachycardia.

B. Synergistic benefits from resynchronisation and active 
defibrillation capacity.

C. Clinically obvious rises in systolic blood pressure, 
reduced symptoms and improvements in ejection 
fraction not seen with either treatment modality alone.

D. A significant reduction in the overall costs of therapy.
E. A smaller device ‘footprint’ that has little impact on 

procedure time and complication rates compared with 
CRT-D alone.

5. Which of the following summary statements is 
true for device therapy?

A. The impact on event rates due to CRT-D is 50/50 due 
to CRT and ICD function respectively.

B. Correcting cardiac dyssynchrony by improving ejection 
fraction through CRT-P may have an anti-arrhythmic 
effect as well as altering pump function.

C. Multiple comparative randomised trials of ICD vs 
CRT-D all show the latter modality to be superior in 
every way.

D. There is already a good evidence base that CRT is 
effective in left ventricular systolic dysfunction even in 
the absence of any heart failure symptoms.

E. Remote device monitoring reduces morbidity and 
mortality in all randomised controlled trials of this 
technology.

For the answers, please turn to page 286.
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