




trial evidence is usually required before a new treatment is used
routinely. In the absence of proven superiority by trials and the
small survival benefit, this Task Force is of the opinion that no
strict recommendations can be made, and prefers to merely offer
guidance regarding the selection of patients for CRT-D or CRT-P,
based on overall clinical condition, device-related complications and
cost (Tables 17 and 18).

4. Indications for pacing in specific
conditions

4.1 Pacing in acute myocardial infarction
The incidence of new-onset AV block in patients with ST
elevation myocardial infarction has decreased in the reperfusion

era from 5–7% with thrombolytic therapy to 3.2% with primary
percutaneous coronary intervention.132,w174– w179 High-degree AV
block, associated with inferior wall infarction, is located above the
His bundle in 90% of patients.w180,w181 High-degree AV block asso-
ciated with anterior infarction is more often located below the AV
node.w181 AV block complicating acute myocardial infarction most
often resolves itself spontaneously within a few days or
weeks,133 – 136 with only 9% of these patients requiring permanent
pacing.132 Patients with AV block have a higher in-hospital and
30-day mortality than those with preserved AV conduction, irre-
spective of the site of the infarction.133 However, 30 days after
the infarction, the mortality rates of patients with and without AV
block are equal, indicating that both patient groups have the same
long-term prognosis.132

Intraventricular conduction disturbances are more commonly
developed in the setting of an anterior-anteroseptal infarction
as a result of specific blood supply conditions.w177,w182 Patients
with AV block complicating an anterior infarction, and those
with new-onset intraventricular conduction disturbances, have
extremely high mortality (up to 80%) due to the extensive
myocardial necrosis.w182 Even if transient type 2 second- or
third-degree heart block, associated with new-onset BBB, has
been historically considered an indication for cardiac pacing—
even in the absence of documentation of late development
of AV block—there is no evidence of benefit of this
strategy.135,w183

Clinical perspectives:

† AV block complicating acute myocardial infarction most often resolves
itself spontaneously within 2–7 days. Permanent cardiac pacing does
not influence the prognosis of these patients and therefore is not recom-
mended.

† In patients with anterior infarction, complicated by new-onset BBB and
transient AV block, short- and long-term mortality is high irrespective of
permanent pacing. There is no evidence that cardiac pacing improves the
outcome. Since these patients often have HF and severe systolic dysfunc-
tion, it is the opinion of this Task Force that it seems more appropriate to
evaluate the indications for CRT-D, rather than conventional anti-
bradycardia pacing (see section 3.1).

Indication for concomitant implantable cardioverter
defibrillator (cardiac resynchronization therapy and
defibrillator)

Recommendations Class a Level b Ref. C

1) When an ICD is planned,d

a CRT is recommended when 
indicated. 

I A

50, 53, 
54, 60, 62 
(see also 

sections 3.2 
and 3.3)

2) When a CRT is planned, 
implantation of CRT-D device 
should be considered in 
patients with clinical conditions 
listed in Table 17.

IIa B
46, 55, 57, 

131

CRT ¼ cardiac resynchronization therapy; CRT-D ¼ CRT and defibrillator;
CRT-P ¼ CRT and pacemaker; ICD ¼ implantable cardioverter defibrillator.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendation(s).
dAccording to present ICD guidelines.w69

Table 17 Clinical guidance to the choice of CRT-P or
CRT-D in primary prevention

Factors favouring CRT-P Factors favouring CRT-D

Advanced heart failure Life expectancy >1 year

or dialysis
Stable heart failure, 

NYHA II

Other major co-morbidities Ischaemic heart disease 
(low and intermediate MADIT 

risk score)

Frailty Lack of comorbidities

Cachexia

CRT-D ¼ cardiac resynchronization therapy and defibrillator; CRT-P ¼ cardiac
resynchronization therapy and pacemaker; MADIT ¼ Multicentre Automatic
Defibrillator Trial; NYHA ¼ New York Heart Association.

Table 18 Comparative results of CRT-D vs. CRT-P in
primary prevention

CRT-D CRT-P

Mortality 
reduction

Similar level of 
evidence but CRT-D 

slightly better

Similar level of 
evidence but CRT-P 

slightly worse

Complications Higher Lower

Costs Higher Lower

CRT-D ¼ cardiac resynchronization therapy and defibrillator; CRT-P ¼ cardiac
resynchronization therapy and pacemaker.
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4.2. Pacing after cardiac surgery,
transcatheter aortic valve implantation,
and heart transplantation
Bradyarrhythmias are not uncommon after cardiac surgery, trans-
catheter aortic valve implantation (TAVI) and heart transplantion.
Some bradyarrhythmias are transient and resolve themselves in
the first days after surgery, others persist and permanent
cardiac pacing has to be considered with the same recommenda-
tions as for unoperated patients. The clinically important ques-
tion in managing post-operative bradyarrhythmias is related to
the reasonable amount of time to allow for recovery of AV con-
duction or sinus node function after surgery before implanting a
permanent PM.

Cardiac surgery
AV block may occur in 1–4% of cases after cardiac surgery, in
about 8% after repeat valve surgery and in 20–24% in interven-
tions for calcific aortic stenosis or tricuspid valve replace-
ment.w184 – w188 Sinus node dysfunction may occur after
coronary artery bypass graft surgery, right lateral atriotomy or
other transseptal superior approaches to the mitral
valve.w185,w186 In clinical practice, an observation period of 5–7
days is usually applied before implanting a permanent PM,w185

in order to allow regression of transient bradyarrhythmias.
However, recovery may also occur later. At follow-up, the
patients who are actually PM-dependent are 30–40% of those
implanted for sinus node dysfunction and 65–100% of those
implanted for AV block.w185,w189 In case of complete AV block
occurring in the first 24 hours after aortic and mitral valve
surgery and persisting for .48 hours, resolution within the
next 1 to 2 weeks is unlikely and earlier implantation of a PM
can be considered in order to reduce post-operative length of

stay.w190,w191 The same approach appears reasonable for com-
plete AV block with low rate of escape rhythm.w185

Transcatheter aortic valve implantation
In a systematic review,w192 including retrospective series or
registries, inclusive of 2047 patients from Europe and North
America, the mean incidence of permanent PM implantation fol-
lowing TAVI was 14.2% (range 0–34%; median 9.7%): it was
20.8% (range 9.3–30.0%) in five studies with the CoreValve
prosthesis and 5.4% (range 0–10.1%) in six studies with the
Edwards-Sapien prosthesis. In a multi-centre registry,w193 one
third of patients undergoing a CoreValve transcatheter aortic
valve implantation procedure required a PM within 30 days. In
most cases, the PM was implanted within 5 days and, in three
out of eight studies, within 24 hours. There is little evidence of
recovery following complete AV block.w192 New-onset persist-
ent LBBB is common following TAVI, but the significance of
the finding and the follow-up required is unclear.w192 Independ-
ent predictors of PM requirement following TAVI include use of
the CoreValve prosthesis and evidence of conduction system
dysfunction, either pre-existing RBBB or AV block at the time
of TAVI. Although TAVI patients usually meet the criteria for
CRT in patients with conventional indication for anti-bradycardia
pacing (see section 4.3.2), there is limited experience of CRT
pacing in TAVI patients.

Heart transplantation
Sinus node dysfunction is common and leads to permanent PM
implantation in 8% of patients.w185 Possible causes of sinus
node dysfunction include surgical trauma, sinus node artery
damage, or ischaemia and prolonged cardiac ischaemic
times.w194,w195 AV block is less common and is probably
related to inadequate preservation of the donor
heart.w185,w195,w196 Chronotropic incompetence is always
present following standard orthotopic heart transplantation, as
a result of loss of autonomic control. Since sinus node and AV
node function improve during the first few weeks after trans-
plantation, an observation period before PM implantation may
allow spontaneous improvement of bradycardia.w197 There is a
general consensus that patients in whom symptomatic bradycar-
dia persists after the third post-operative week, require perman-
ent PM implantation. DDDR mode with minimized ventricular
pacing or AAIR in the case of intact AV nodal conduction are
recommended.w195

Clinical perspectives:

† If significant bradyarrhythmia does not resolve in the suggested ob-
servation period after cardiac surgery, TAVI or heart transplantation,
permanent cardiac pacing is indicated with the same recommenda-
tions as in section 2.2. However, in case of high-degree or complete
AV block with low rate of escape rhythm, this observation period
can be shortened since resolution is unlikely. For sinus node dysfunc-
tion in heart transplanted patients, the period of observation could
be several weeks.

Indications for permanent pacing

Recommendations Class a Level b Ref. C

1) In the rare cases in which 
AV block becomes permanent, 
cardiac pacing is indicated with 
the same recommendations in 
section 2.1.

I C -

2) Cardiac pacing is not 
indicated after resolution of 
high degree or complete AV 
block complicating the acute 
phase of myocardial infarction. 

III B 132–136 

AV ¼ atrioventricular.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendation(s).
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4.3 Pacing and cardiac resynchronization
therapy in children and in congenital heart
disease
Despite many similarities in pacing indications between young
people and adults, several differences justify the writing of a separ-
ate, dedicated chapter. Since children are paced for a lifetime, they
are prone to a higher incidence of long-term adverse events and are
at high risk of experiencing the adverse consequences of cardiac
stimulation at a non-optimal site. Because of a small body size, the
presence of a congenital defect with a right-to-left shunt, or post-
operative absence of transvenous access to the target chamber,
children often need to be permanently paced epicardially.w198 –

w200 Children’s higher activity levels lead to greater stress on
device hardware and their growth expectancy leads to higher inci-
dence of lead dislodgement or fracture in follow-up. Concerns have
been voiced regarding the long-term performance of endocardial
leads in children, given the high incidence of abandonment, potential
valvular injury and vascular crowding.w201 – w203 Endocardial leads
are contra-indicated in patients with right-to-left shunt because of
the risk of systemic thromboemboli.w200 Therefore, in young
patients, it seems preferable to postpone endocardial pacing to min-
imize the risks associated with the presence of multiple intracardiac
leads. When allowed during the surgical intervention, attempts
should be made to stimulate either the left or the systemic ventri-
cle,w204 although studies looking at chronic results of LV or systemic
pacing are warranted.

Congenital AV block
The decision to proceed with the implantation of a permanent PM in
patients suffering from congenital AV block is strongly influenced by

the awareness that (i) Adams-Stokes attacks and HF might develop in
children, adolescents or adults of any age and (ii) the first manifest-
ation of congenital AV block might be sudden death, without pro-
dromal symptoms and in the absence of manifestations of
underlying heart disease.w205 –w207 Consequently, any unnecessary
postponement of permanent pacing increases the risk of cardiac re-
modelling and sudden death.

Indications for cardiac pacing (Recommendations 1 and 2)
The development of syncope or pre-syncope, HF or chronotro-
pic incompetence limiting the level of physical activity justifies the
implantation of a PM.w205 – w209 Patients presenting with ventricu-
lar dysfunction are also candidates for permanent pacing which, if
instituted before the onset of symptoms, is likely to preserve
cardiac function.w208,w210 Prophylactic pacing is indicated in asymp-
tomatic patients who are at risk of syncope or sudden death, her-
alded by bradycardia, long pauses greater than three times the
cycle length during ventricular escape rhythm, a wide QRS
complex, a prolonged QT interval or complex ventricular
ectopy.w209–w211 A subset of patients paced for isolated congenital
AV block develops a dilated cardiomyopathy requiring close long-
term surveillance of the proper functions of the pacing system, as
well as their ventricles.w212–w215

Even if the quality of evidence is modest, there is a strong consensus that
patients with third- or second-degree (Mobitz II) AV block must receive
permanent cardiac pacing therapy if symptomatic or with risk factors. In
asymptomatic patientswithout risk factors, there is divergence of opinion
on the benefit of cardiac pacing.

Post-operative atrioventricular block
In patients with congenital heart disease, post-operative AV con-
duction block complicates 1% to 3% of cardiac operations.w216

The risk is greatest for the surgical repair of ventricular septal
defects. Spontaneous resolution of complete AV block in the
early post-operative period can occur, usually within 10 days
after the operation.137 – 141 The prognosis for patients whose
AV conduction returns to normal is favourable. In contrast, the
prognosis for non-paced patients is very poor. In a large
meta-analysis, residual bifascicular block that persisted after the
disappearance of transient post-surgical complete heart block
was associated with a high incidence of late recurrence of AV
block or sudden death (29%).138 Post-operative HV interval de-
termination may help to assess the risk of late-onset AV block
in patients with residual conduction disorder (long PR interval,
bifascicular block).w217

Indications for cardiac pacing (Recommendations 3 and 4)

There is modest evidence and strong consensus thatpatients with persist-
ent third- or second-degree AV block must receive permanent cardiac
pacing therapy. The evidence is modest and the consensus is weak for
patients who have persistent bifascicular block (with or without PR inter-
val prolongation) associated with transient AV block or with permanent
prolonged PR interval.

Pacing after cardiac surgery, transcatheter aortic valve
implantation and heart transplantation

Recommendations Class a Level b

1) High degree or complete AV block
after cardiac surgery and TAVI. A period
of clinical observation up to 7 days is
indicated in order to assess whether the
rhythm disturbance is transient and resolves.
However, in case of complete AV block with
low rate of escape rhythm this observation
period can be shortened since resolution is
unlikely.

I C

2) Sinus node dysfunction after cardiac
surgery and heart transplantation.
A period of clinical observation from
5 days up to some weeks is indicated in order
to assess if the rhythm disturbance resolves.

I C

3) Chronotropic incompetence after
heart transplantation. Cardiac pacing should
be considered for chronotropic
incompetence impairing the quality of life late
in the post-transplant period.

IIa C

aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendation(s).
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Sinus node disease and bradycardia-tachycardia syndrome
In children, sinus node dysfunction might precede or follow rep-
arative cardiac surgery involving the atria, though it is also
observed in patients treated with anti-arrhythmic drugs and in
patients with an otherwise normal heart.w218,w219 Contrary to
AV block, sinus node dysfunction is not associated with increased
mortality.

Indications for cardiac pacing (Recommendations 5 and 6)
The occurrence of symptomatic sinus node disease justifies the
implantation of a PM if competing causes have been ruled-out
after extensive examination.w220,w221 Chronotropic incompe-
tence has been correlated with the late development of post-
operative atrial flutter.w222 Pacing to restore chronotropic com-
petence may prevent late post-operative atrial flutter and reduce
exercise intolerance, especially late after Mustard, Senning or
Fontan procedures. Pacing can also be used to treat congestive
HF or fatigue and to prevent the development of supraventricu-
lar arrhythmias.w223,w224 The evidence of benefit is lacking for
young, asymptomatic patients, with a heart rate ,40 bpm or
.3 sec pauses.w218 – w221

There is sufficient evidence and large consensus that cardiac pacing is
beneficial in symptomatic sinus node disease. The evidence is modest
and the consensus is weak for patients who have less severe forms of
sinus node disease.

Cardiac resynchronization in congenital heart disease
Evidence of benefit from CRT is limited to case reports, retro-
spective analyses of heterogeneous populations, small crossover
trials conducted in the immediate post-operative period and
expert opinions.w204,w225 – w228 In particular, a subset of patients
paced in RV for isolated congenital AV block develops a dilated
cardiomyopathy. In these patients, single-site LV pacing is par-
ticularly attractive for children and young adults. A recent Euro-
pean multicentre study showed that, during a mean follow-up
of 5.4 years, pacing from the RV outflow tract/lateral RV caused
a significant decrease in LV function, whereas LV apex/LV
mid-lateral wall pacing was associated with preserved LV
function.w229 For the purpose of single-site LV pacing, either
epicardial implantation or implantation via the coronary sinus
may be used (Web Figure 12). However, the evidence is not
great enough and this Task Force cannot make any specific
recommendation.

Clinical perspectives:

† An individualized evaluation of the benefits vs. potential complications of
pacemaker implantation is recommended in children, taking into consid-
eration the cardiacand venous anatomy, patient size and growthexpect-
ancy.

† The decision to implant a pacemaker in children is done in collaboration
with paediatric cardiologists and should preferably be done in a specia-
lized centre.

† Single-site LV pacing, instead of RV pacing, is an attractive mode of
pacing in order to preserve cardiac function, but it requires further
evidence.

4.4 Pacing in hypertrophic
cardiomyopathy
Bradyarrhythmia
Atrioventricular block is uncommon in hypertrophic cardiomyop-
athy (HCM), but in context, can suggest specific aetiologies (for
example, PRKAG2 gene mutations, Anderson-Fabrydisease andamyl-
oidosis). Atrioventricular block in patients with HCM should be
treated in accordance with the general recommendations of this
Guideline (see section 2.1 and 2.2).

Chronotropic incompetence during upright exercise testing is
more common in patients with advanced disease and is an important
determinant of exercise performance.w230,w231 The role of pacing to

Indications for pacing therapy in paediatric patients and
congenital heart disease

Recommendations Class a Level b Ref. C

1) Congenital AV block. Pacing
is indicated in high degree and
complete AV block in symptomatic
patients and in asymptomatic
patients with any of the following
risk conditions: ventricular
dysfunction, prolonged QTc
interval, complex ventricular
ectopy, wide QRS escape rhythm,
ventricular rate <50 b.p.m.,
ventricular pauses >three-fold the
cycle length of the underlying
rhythm.

I C -

2) Congenital AV block. Pacing
may be considered in
asymptomatic patients with high
degree and complete AV block in
absence of the above risk
conditions.

IIb C -

3) Postoperative AV block in
congenital heart disease.
Permanent pacing is indicated for
postoperative advanced second
degree or complete AV block
persisting >10 days.

I B 137–141 

4) Postoperative AV block in
congenital heart disease.
Permanent pacing should be
considered for persistent,
asymptomatic post-surgical
bifascicular block (with or without
PR prolongation) associated with
transient, complete AV block.

IIa C -

5) Sinus node disease.
Permanent pacing is indicated for
symptomatic sinus node disease,
including brady-tachy syndrome,
when a correlation between
symptoms and bradycardia is
judged to be established.

I C -

6) Sinus node disease.
Permanent pacing may be useful
for asymptomatic resting heart
rate <40 b.p.m. or ventricular
pauses lasting >3 sec.

IIb C -

AV ¼ atrioventricular.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendation(s).

ESC Guidelines2316

 by guest on January 6, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


improve exercise capacity in this context has not been formally
assessed.

Treatment of left ventricular outflow tract obstruction (Recom-
mendation 1)
In patients with symptoms causedby left ventricularoutflow tract ob-
struction, treatment options include negative inotropic drugs,
surgery, septal alcohol ablation and sequential AV pacing. Approxi-
mately 60–70% of patients improve with medical therapy alone.
For the remainder, surgery (septal myectomy) or septal alcohol ab-
lation can, in appropriately selected patients and in experienced
centres, improve functional statuswith a similar proceduralmortality,
but a higher rate of permanent PM implantation following alcohol
ablation.w232– w234 The riskof AV block is highest in patients with pre-
existing conduction disease and prophylactic permanent pacing
before intervention has been advocated.142

Right ventricular apical pacing alone has also been advocated as a
therapy for HCM. Pacing creates pre-excitation of the RV apex,
which changes the ventricular contraction pattern and creates re-
gional dyssynchrony. The result is late activation of the basal part of
the septum and decreased LV contractility, which reduce systolic an-
terior motion of the mitral valve and the severity of LV outflow tract
obstruction.w235 Pre-excitation of the RV apex is achieved by short
AV delay DDD pacing. The sensed AV delay needs to be shorter
than the spontaneous PR interval in order to achieve RV pacing.
However, short intervals may interfere with atrial emptying and
result in reduced cardiac output.143,w236 In order to be successful,
AV delay values short enough to reduce the gradient but long
enough to preserve LV filling (measured by echocardiography) are
required; in general this is achieved with a resting AV interval of
100+ 30 ms.143 A dynamic AV interval can also be programmed
to ensure complete ventricular capture during exercise. The upper
rate limit should be programmed higher than the fastest sinus rate
achievable during exercise, to ensure permanent ventricular pacing
even during brisk exercise. In some patients with a very short PR inter-
val, AV nodal ablation has been advocated as a method of achieving an
optimal AV delay, but this is not recommended in this Guideline.w237

Reduction in outflow tract gradients and inconsistent effects on
symptoms and quality of life have been demonstrated in three small
randomized, placebo-controlled studies of DDD vs. AAI pacing and
in long-term observational studies.143–148 In general, the magnitude
of gradient reduction is also less than with surgery or alcohol septal re-
duction. In one trial, a retrospective subgroup analysis suggested that
older patients (.65 years of age) are more likely to benefit.

Finally, a significant number of patients with HCM receive an ICD
for primary or secondary prevention. Implanting a dual-chamber
device and programming DDD pacing with short adapted AV delay
may alleviate obstruction and prevent the need for complementary
and risky procedures such as surgery or alcohol ablation.

There is sufficient evidence to suggest that permanent AV sequential
pacing with short AV interval can reduce outflow tract obstruction and
improve symptoms in selected patients who are unsuitable for—or un-
willing to consider—invasive septal reduction therapies.

Cardiac resynchronization therapy
Regional heterogeneity of contraction and relaxation is well recog-
nized in HCM and the presence of dyssynchrony has been shown

to be a marker of poor prognosis.w238 Several case reports and a
single centre cohort study have suggested that CRT pacing alleviated
HF symptoms and, in patients with end-stage HCM, was associated
with reverse remodelling of the left atrium and ventricle.w239– w242

Small cohort studies have also examined CRT as a treatment for
LV outflow tract obstruction, but its superiority over conventional
RV pacing is not established.w243,w244

Clinical perspectives:

† In general, patients with drug-refractory symptoms caused by LV outflow
tract obstruction should be considered for surgery or alcohol ablation.

† In patients with LV outflow tract obstruction treated with pacemaker or
dual-chamber ICD, a short AV interval programming is crucial. The ob-
jective is to achieve maximum RV apical pre-excitation without com-
promising LV diastolic filling.

† In the absence of LV outflow tract obstruction, AV block complicating
HCM should be treated in accordance with general recommendations
of this Guideline.

† Patients with HCM can develop systolic dysfunction and symptoms of
heart failure. In the absence of randomized trials, CRT may be consid-
ered in individual cases in which there is some evidence for systolic ven-
tricular impairment and dyssynchrony (see section 3.1).

4.5 Pacing in rare diseases
Rare diseases (population prevalence less than 1 in 2000) affect 6–
8% of the European population. Some, such as LQTS or familial AV
block affect only the heart, whereas others are multi-system disor-
ders with variable cardiac involvement. A full discussion of all rare
disease relevant to the heart is beyond the scope of this Guideline,
but some of the more commonly encountered disorders that

Indication for cardiac pacing in patients with
hypertrophic cardiomyopathy

Recommendations Class a Level b Ref. C

1) Left ventricular outflow
tract obstruction. Sequential
AV pacing with short AV interval
may be considered in selected
patients with resting or
provocable LV outflow tract
obstruction and drug-refractory
symptoms who:

a)  have contraindications for
septal alcohol ablation or septal
myectomy;

IIb B 142–148 

or
b) or are at high risk of
developing heart block following
septal alcohol ablation or septal
myectomy.

IIb C -

2)  For patients in whom there is
an indication for an ICD, a
dual-chamber ICD should be
considered 

IIa C -

AV ¼ atrioventricular.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendation(s).
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cause clinically significant arrhythmia are listed in Web Table 19. Bra-
dyarrhythmias in patients with inherited rare diseases should be
treated in accordance with general recommendations of this Guide-
line (see sections 2.1 and 2.2).

4.5.1 Long QT syndrome
The trigger for most episodes of life-threatening arrhythmias is a
sudden increase in sympathetic activity, mediated by left-sided
cardiac sympathetic nerves. Beta-blockers are the mainstay of drug
treatment in patients with LQT1 and LQT2 as large registries indicate
that they reduce mortality, even in asymptomatic mutation carriers.
When patients continue to experience symptoms in spite of
ß-blockade, left stellate ganglionectomy or ICDs should be consider-
ed.w245–w247 Some patients with long QT syndrome (LQTS) have
pause-dependent ventricular arrhythmia, particularly those with
LQT3, in whom ventricular arrhythmias often occur at rest or during
sleep. In the past, PMs have been advocated in patients with pause-
dependent ventricular arrhythmia, but data from small observational
series suggest that pacing reduces syncopal events but does not
prevent sudden cardiac death.w248–w250 Therefore, an ICD is prefer-
able in symptomaticpatientswithLQT3orpause-dependentventricu-
lar arrhythmia. Symptomatic infants may be an exception, as pacing
with full dose ß-blockers might postpone the need for an ICD. Pacing
algorithms in patients with an ICD can also help to prevent shocks.

The current role of PM therapy in long QT syndrome is very limited. An
ICD (with active pacing) is preferable in patients with symptoms unre-
sponsive to ß-blocker therapy or pause-dependent ventricular arrhyth-
mia according to current ICD guidelines to which we refer.

4.5.2 Muscular dystrophies
Muscular dystrophies are a heterogeneous group of inherited disor-
ders, characterized by progressive skeletal muscle wasting and weak-
ness.w251 –w254 Cardiac disease is a common feature of some
muscular dystrophies.

Laminopathies
Data from several series,w255 –w258 a meta-analysis and a multi-centre
European registry indicate that cardiacdisease causedby mutations in
the lamin AC gene (LMNA) has a poor prognosis, with a 25% mortal-
ity from sudden cardiac death and progressive HF by the age of 50
years.w259,w260 Some series suggest that the development of AV
block is associated with poor outcomes, but pacing therapy alone
does not prevent sudden cardiac death.

Emery-Dreifuss muscular dystrophy
A typical finding of X-linked recessive Emery-Dreifuss muscular dys-
trophy (EDMD) is atrial standstill or atrial paralysis, related to re-
placement of atrial myocardium by fibrous tissue.w261 Pacing is
indicated at the first appearance of bradyarrhythmias or conduction
disturbances, in general before the age of 30 years. Following implant-
ation of a PM, the incidence of sudden death appears low, but the risk
of stroke remains high because of atrial standstill and AF.w262

Myotonic dystrophy
In the heart, myotonic dystrophy type 1 (DM1) causes progressive
conduction disease, ventricular arrhythmia and systolic impairment.
In a recent systematic reviewof18 studies (1828patients), ventricular

premature beats were the most prevalent arrhythmia (14.6%) fol-
lowed by AF or atrial flutter (5.0%) and non-sustained ventricular
tachycardia (VT) (4.1%).w263,w264 First degree AV block was reported
in 25–30% of patients and QRS duration .120 ms in 19.9%. The
prevalence of PM or ICD implants in 13 cross-sectional studies
(n ¼ 1234) was 4.1 and 1.1%, respectively. The probability of receiv-
ing a PM or ICD was 1.0 and 0.2% per follow-up year, respectively.
Sudden cardiac death accounts for up to 33% of all deaths. The mech-
anism has been assumed to be progressive conduction disease, but
reports of sudden death in patients with pacemakers and spontan-
eous or inducible VT suggest that ventricular arrhythmias might
explain some cases. w265,w266

Development of criteria for pacemaker and ICD implantation is
challenging because of the small size and heterogeneity of published
cohort studies and the confounding effect of progressive neuromus-
cular disease on survival. A number of clinical risk markers have been
proposed including: age at symptom onset, severity of muscular in-
volvement, number of CTG trinucleotide repeats, supraventricular
arrhythmias, AV conduction disturbances, abnormal signal-averaged
ECG and reduced heart rate turbulence.w267 –w271 A small study has
suggested that prolongation of the HV interval (.70 ms) at invasive
EPS is predictive of complete AV block.w268 In a small study of serial
invasive measurement of HV intervals, evidence of new conduction
disease on a resting ECG and/or signal-averaged ECG were asso-
ciated with subsequent lengthening of infrahissian conduction.w267

In a large retrospective, single centre registry of 486 genetically con-
firmed patients with conduction disease (PR interval .200 ms and/
or QRS duration .100 ms),w271 a comparison was made between
those who underwent an invasive EPS followed by a PM implantation
if their HV interval was .70 ms, and those that did not. There was no
significant difference in overall mortality over a median follow-up of
7.4 years. When adjusted for baseline characteristics, there was bor-
derline significance in overall survival in favourof the invasive strategy,
largely due to a significant reduction in adjusted survival from sudden
cardiac death. Overall patients with conduction disease had a poorer
survival, irrespective of EPS, compared with those without. These
data provide incremental evidence in support of EPS in patients
with conduction disease, but the small improvement in overall sur-
vival means that the clinical significance of this study is unclear.

Desminopathies
Desmin-related myopathy is characterized by progressive skeletal
muscle weakness, cardiomyopathy and cardiac conduction disease,
with variable age of disease onset and rate of progression.w270 In a
recent meta-analysis of 159 carriers of desmin mutation,w269 50%
had cardiomyopathy and approximately 60% had cardiac conduction
disease or arrhythmias. Twenty-five per cent of carriers died at a
mean age of 49 years. Sudden cardiac death occurred in two patients
with a pacemaker.

4.5.3 Mitochondrial cytopathies
Supraventricular and ventricular arrhythmias and conduction
defects, are the most common cardiac presentations in patients
with mitochondrial disease. Cardiac conduction disease is the key
feature of the Kearns-Sayre disease. Ventricular arrhythmias and
sudden death are also reported, often in association with HCM in
adults and children.w272 – w274
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4.5.4 Metabolic disorders
In adults, one of the most common metabolic disorders is Anderson-
Fabry disease, an X-linked lysosomal storage disorder that causes
HCM in middle and later life.w275 In the later stages of the disease,
sino-atrial dysfunction and AV conduction disturbance can necessi-
tate PM implantation. QRS duration is a predictor for future PM
implantation,w276 but in the absence of prospective trials we
suggest adherence to conventional pacing and ICD indications,
with close monitoring of patients with ECG evidence for conduction
disease.

Clinical perspectives:

† Numerous rare genetic disorders can cause conduction disease but, for
most, there is little evidence for disease-specific treatments, except pos-
sibly for laminopathies, in which early ICD might be considered, and myo-
tonic dystrophy, in which PM might be considered if a prolonged HV
interval is detected at EPS. Therefore conventional pacing/ICD indica-
tions should be applied in most cases.

4.6 Pacing in pregnancy
This topic has been recently covered by the ESC Guidelines on the
management of cardiovascular diseases during pregnancy.w277

Vaginal delivery carries no extra risks in a mother with congenital
complete heart block, unless contra-indicated for obstetric
reasons. For women who have a stable, narrow, complex
junctional escape rhythm, PM implantation can be deferred until
after delivery.w13,w278,w279 However, women with complete heart
block who exhibit a slow, wide QRS complex escape rhythm
should undergo PM implantation during pregnancy.w277 The risks
of PM implantation are generally low and can be performed
safely, especially if the foetus is beyond 8 weeks’ gestation. A PM
for the alleviation of symptomatic bradycardia can be implanted
at any stage of pregnancy using echo guidance or electro-anatomic
navigation avoiding fluoroscopy.w278,w280– w282

4.7 Pacing for first-degree
atrioventricular block (haemodynamic)
First degree AV (1st AV) block is commonly considered a benign con-
dition. However, a very long PR interval may exacerbate symptoms,
especially during moderate or mild exercise. A marked 1st AV block,
PR interval .0.3 s, in rare cases may result in symptoms similar to

those in the PM syndrome. With a prolonged PR interval, atrial
systole occurs too early in diastole, resulting in an ineffective or
decreased contribution of the atrial systole to cardiac output. Echo-
cardiographical studies show a fusion of the E and Awaves in patients
with a long PR interval, resulting in a shortening of the LV filling time
and a diastolic mitral regurgitation. As a consequence, the increase of
pulmonary capillary wedge pressurecauses dyspnoea and retrograde
blood flow in the jugular veins, leading to a sensation of fullness in the
neck and palpitations described as ‘pauses’ or ‘strong beats’. This
deleterious effect is more marked in patients with LV dysfunction
and/or HF.w14 – w16,w283

Some uncontrolled and non-randomized studies have suggested
that a reduction of the AV timing using conventional DDD PM
would improve symptoms and patients’ functional status, especially
in patients with preserved LV function. The improvement with
DDD pacing is directly linked to the improvement in LV filling
time.w14,w16

There are some potentially harmful consequences of conventional
DDD pacing. The first one is that permanent RV pacing may enhance
LV dysfunction. To avoid this potential effect, biventricular pacing
could be considered, but there is a definitive lack of data to
support this concept, especially in patients with narrow QRS and/
or preserved LV function. The systematic use of biventricular
pacing is not recommended at this time for this particular indication
in the absence of other CRT indications. The second potential dele-
terious effect is the risk of functional atrial under-sensing due to the
shift of the P wave in the post-ventricular atrial refractory period, es-
pecially with fast heart rate; an exercise test would be helpful to
ensure an adequate programming of the PM when the patient is exer-
cising.w283,w284

4.8 Algorithms for prevention and
termination of atrial arrhythmias by pacing
The rationale for the use of specific pacing algorithms is to avoid
bradycardia and large atrial cycle length variations, which are
thought to trigger atrial tachyarrhythmias (AT). Specific algorithms
have included rate-adaptive pacing, which periodically assesses the
underlying intrinsic rate to pace just above it, elevation of the
pacing rate after spontaneous atrial ectopy, transient high-rate
pacing after mode switch episodes and increased post-exercise
pacing to prevent an abrupt drop in heart rate. In addition, some

Pacing in pregnancy

Recommendations Class a Level b

Implantation of permanent pacemakers 
(preferably one chamber) should be 
considered with echocardiographical 
guidance, especially if the foetus is beyond 
8 weeks gestation in selected women with 
symptomatic complete AV block.

IIa C

aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendation(s).

Indication for pacing for first-degree atrioventricular
block

Recommendations Class a Level b

Permanent pacemaker implantation should 
be considered for patients with persistent 
symptoms similar to those of pacemaker 

atrioventricular block (PR >0.3 s). 

IIa C

aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendation(s).
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devices have incorporated atrial anti-tachycardia pacing (ATP) algo-
rithms (high rate ramp and burst pacing) for termination of atrial
tachycardia or atrial flutter that might degenerate into AF.

After the pivotal multi-centre studyof Israelet al.,149 several rando-
mized trials were carried out, which showed that preventive algo-
rithms had minimal or no incremental benefits for the prevention
of AF (Table 20).150 – 159 In the largest of these trials,153,154 2343
patients with hypertension and no history of AF, in whom a PM or de-
fibrillator had been implanted, were randomly assigned to receive—
or not to receive—continuous atrial overdrive pacing, which did not
prevent AF or a clinical outcome of stroke, systemic embolism, myo-
cardial infarction, death from vascular causes, or hospitalization for
HF. Similarly, some RCTs failed to show a clinical benefit from anti-
tachycardia pacing algorithms (ATP).157,158 Similar results have been
demonstrated in ICD patients.w285,w286 In a pooled analysis of four
ATP studies, Gillis et al. suggested that ATP may be valuable in a mi-
nority (about 30%) of patients with particularly organized AT, in
whom ATP is documented to be able to terminate .60% of
episodes.w287

Finally, no consistent data from large randomized trials support the
use of alternative single-site atrial pacing,w288,w289 dual-site right atrial

pacing,w290 or bi-atrial pacing,w291 alone or in association with algo-
rithms for prevention and termination of AT.

There is strong evidence that algorithms designed to prevent AF have
no incremental benefits for the prevention of AF; further trials are
unlikely to change the confidence in the estimate of effect.

Table 20 Summary of randomized clinical studies of specific algorithms for prevention and termination of atrial
tachyarrhythmias in patients with conventional brady indications and atrial tachyarrhythmias/fibrillation

Trial Study design Algorithm/s No. of 
patients 

Effect on AF burden Clinical result

ADOPT151 Parallel Rate-adaptive pacing at high rest rate 288 25% decrease in 
symptomatic AF burden 
(  = 0.005)

No change in quality of life, 
hospitalizations and adverse 
events

PIRAT155 Cross-over Post-mode switch overdrive pacing 37 No change in AT episodes, 
AT burden

No change in number of 
symptoms and quality of life

ATTEST157 Parallel Atrial preference
Atrial rate stabilization
Post-mode switch overdrive pacing 
ATP therapy

324 No difference in AT/AF 
burden and frequency

Not assessed

PIPAF150 Cross-over SR overdrive
Post-extrasystolic pause suppression
Acceleration after premature atrial beats

28 No change in mode-switch 
episodes and % A/V pacing

No difference in symptom 
score

PAFS159 Cross-over Rate-smoothing,
Rate stabilization

182 No change No change in episode number, 
quality of life, or symptoms

AOPS156 Cross-over Rate-adaptive pacing at high rest rate 99 No change in mode-switch 
episodes

No change in symptoms of 
arrhythmia

POT158 Cross-over Atrial preference
Atrial rate stabilization
Post-mode switch overdrive pacing
ATP therapy

85 72% decrease in AF burden 
with preventive algorithms, 
no further reduction with 
ATP therapy

Not assessed

SAFARI152 Parallel Combination of six triggered and continuous 
overdrive prevention pacing therapies

240 Slight reduction in AF 
burden (0.08 h/day,
P = 0.03)

Not assessed

ASSERT153, 154 Parallel Atrial overdrive pacing 2343 No difference in 
device-detected AT

No difference in symptomatic 
and asymptomatic AT. 
No difference in stroke, 
hospitalization and death

P

AF ¼ atrial fibrillation; AT ¼ atrial tachyarrhythmias; ATP ¼ anti-tachycardia pacing; SR ¼ sinus rhythm.

Indication for prevention and termination of atrial
tachyarrhythmias

Recommendations Class a Level b Ref. C

De novo  indications.  
Prevention and termination of 
atrial tachyarrhythmias does 
not represent a stand-alone 
indication for pacing

III A 149–159

aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendation(s).
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5 Complications of pacing and CRT
implantation
Pacing and CRT are associated with a substantial rate of complica-
tions (Web Table 21). The majority of the information in this field
has come from retrospective studies based on implantations per-
formed more than 20 years ago.w292 Recently published
population-based cohort studies,w293,w294 large scale prospective
studies and a meta-analysis have provided modern informa-
tion.57,w295 In a prospective study of first implantation for bradycar-
dia, short- and long-term complications of pacemaker therapy have
been reported to be 12.4 and 9.2%, respectively, after careful
follow-up.w295 Overall complication rates increased sharply as indi-
vidual and centre implantation volumes decreased.w292– w294 For
example, in a nationwide registry, the risk of complications was
increased by a factor of 1.6 for inexperienced operators with a
total of less than 25 implantations.w293 Lead complications are
the main reason for re-operation after implantation of PM or
CRT devices. In a nationwide registry of 28 860 patients, lead com-
plications occurred in 3.6% of patients. Complications occurred in
4.3% of all LV leads, 2.3% of right atrial leads and 2.2% of RV leads.
The presence of a CRT device (OR 3.3) or a passive-fixation right
atrial lead (OR 2.2) were the two most important factors asso-
ciated with lead complications.w293

The majority of the complications with pacemakers occur
in-hospital or during the first 6 months.w293,w295 Early complications
(i.e. occurring after 6–8 weeks post-implantation) have been
reported to range from 5.7% in a retrospective study to 12.4% in a
recent prospective study of first implantations.w292,w295 After this
period, the complication rate decreases but is still substantial, being
reported in 4.8% of cases at 30 days, 5.5% at 90 days and 7.5% at 3
years.w296 In a recent prospective study of first implantations,
higher complication rates were reported in 15.6, 18.3 and 19.7% of
the patients at 1, 3 and 5 years, respectively.w295

A recent large prospective trial showed that, over 6 months of
follow-up, device upgrade or revision is associated with a complica-
tion risk ranging from 4% of patients who had a generator replace-
ment only, to 15.3% of patients who had a generator replacement
or upgrade combined with one or more transvenous lead inser-
tions.w163 In both cohorts, major complications were higher with
CRT-D, compared with PM replacements. Complications were
highest in patients who had an upgrade to- or a revised CRT device
(18.7%). These data support careful decision-making before device
replacement and when considering upgrades to more complex
systems.

A meta-analysis of 9082 patients in 25 CRT trials showed that the
implantation success rate was 94.4%; peri-implantation deaths oc-
curred in 0.3% of trial participants, mechanical complications (includ-
ing coronary sinus dissection or perforation, pericardial effusion or
tamponade, pneumothorax and haemothorax) in 3.2%, lead pro-
blems in 6.2% and infections in 1.4%.57 Similar rates of complications
(totalling 10.5%) were observed by Reynolds et al. among 7874 Medi-
care beneficiaries.w297

Haematomas are very frequent (2.9–9.5% of the cases) and are
usually managed conservatively. Evacuation is required in 0.3–2%
of implantations and is associated with 15 times the original risk of

infection. Many haematomas can be avoided by careful haemostasis
and preparation of the patient, allowing correct management of anti-
platelet and anticoagulant drugs. Compared with untreated patients,
aspirin carries a two-fold riskof bleeding and dual antiplatelet therapy
(aspirin plus thienopyridine) carries a four-fold riskof bleeding during
the peri-operative period.w298 The use of clopidogrel or intravenous
heparin significantly increases the risk of haematoma at the time of
pacemaker implantation.w299 This risk was reduced by withholding
clopidogrel 4 days before implantation. In most cases, antiplatelet
medications can safely be discontinued, for a period of 5–7 days, spe-
cifically when prescribed for primary prevention of cardiovascular
events (Web Table 22).w300,w301 The use of heparin bridging to oral
anticoagulation has also been shown to increase the risk of bleeding
and continuation of warfarin (international normalized ratio ,2.0) is
proposed by several authors.w302– w304 No data are available regard-
ing peri-operative management of patients taking novel oral anti-
coagulant (thrombin or factor Xa inhibitors). Given the rapid onset
and cessation of its action, no bridging therapy with low molecular
weight heparin should be required and, following surgery, they
should be restarted as soon as effective haemostasis has been
achieved.w305

Infection is one of the most worrying post-operative complica-
tions. In a population-based cohort study of 46 299 consecutive
patients, the incidence of PM infection was 1.82 per 1000 PM-years
after the first implantation; the incidence was 4.8 per 1000
PM-years during the first year and 1.0 per 1000 PM-years thereafter.
In case of PM replacement these figures increased to 12 per 1000
PM-years and 3.3 per 1000 PM-years, respectively.w306 In another
population-based study,w307 the incidence of definite infection of
PM and ICD was 1.9 per 1000 device-years. The incidence of
pocket infection without bloodstream infection was 1.37 per 1000
device-years and pocket infection with bloodstream infection or
device-related endocarditis was 1.14 per 1000 device-years. Infec-
tions occurred more frequently with use of temporary pacing or
other procedures before implantation (OR 2.5 and 5.8, respectively),
early re-interventions (OR 15) and with lack of antibiotic prophylaxis
(OR 2.5). A meta-analysis of antibiotic prophylaxis using a regimen of
pre-procedure and post-procedure administration suggested a sig-
nificant reduction in the incidence of infection.w308 A recent
large-scale, randomized, double-blind, placebo-controlled trial
established the benefit of 1 g intravenous cefazolin antibiotic, admi-
nistered immediately before the procedure, in reducing the incidence
of procedure-related infection and systemic infections from 3.28% in
patients not receiving antibiotic to 0.63% in those receiving antibiotic
(P ¼ 0.016).w309

6. Management considerations

6.1 Pacing from alternative right
ventricular sites
The haemodynamic and clinical effect of pacing from alternative RV
sites in the His region, mid- or high ventricular septum and outflow
tract has been evaluated in the last two decades (Web
Table 23).143,w310 – 326 In a systematic review and meta-analysis of
14 RCTs for a total of 754 patients,w322 compared with subjects
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randomized to RV apical pacing, those randomized to RV non-apical
pacing had greater LVEF at the end of follow-up (+4.27%; 95% CI
1.15–7.40%) especially those with a baseline LVEF ,45% and with
a follow-up length .12 months. No significant difference was
observed in RCTs of patients whose baseline LVEF was preserved.
Resultswere inconclusivewith respect toexercise capacity, function-
al class, quality of life and survival. Results seem to be influenced by
the pacing site, with septal pacing being less effective than the
outflow tract and para-Hisian region. The complication rate of
non-RV apical pacing is similar to that of RV apical pacing. This Task
Force is unable to give definite recommendations until the results
of larger trials become available.

6.2 Re-implantation of pacemaker/cardiac
resynchronization therapy after device
explantation for infection
Re-implantation is a matter of major concern in patients treated for
PM/CRT infection. Although the recent ESC Guidelines on the pre-
vention, diagnosis and treatment of infective endocarditis give
some recommendations,w327 these were based on expert consensus
documents,w328,w329 lacking data derived from randomized trials or
large observational registries. In some studies,w330 –w332 replacement
could be avoided in 30–50% of patients as they lacked strong
guideline-based indications for pacing. Thus, the decision to
re-implant a device should be weighed carefully.

Location
The new PM or CRT should be implanted at a different site from the
explanted, infected system.w327 –w329 In most cases, this means
re-implantation on the opposite side of the chest. A new epicardial
pacing system can be inserted, particularly if the infected lead is
extracted at cardiotomy, or if venous access is impossible.

Timing
The optimal timing for re-implantation is not known. However, in
patientswith noevidence of valvularendocarditis or lead vegetations,
a new transvenous device can be implanted at a new location after
control of local infection, if blood cultures obtained within 24
hours after device removal remain negative for 72 hours.w328,w329

This early re-implantation approach is usually reserved for patients
who are PM-dependent. Indeed, it has recently been shown in a
large, single centre, retrospective study that the infection relapse
rate was higher in patients implanted during the same hospitalization
for hardware removal.w332 In patients with lead vegetations or valvu-
lar endocarditis, a new transvenous implantation should be post-
poned to 14 days after removal,w328,w329 or even longer.w327

Interim management
Patients who are not PM-dependent can be followed without a tem-
porary PM until a new system is implanted. In patients who are
PM-dependent, temporary transvenous pacing is continued until
re-implantation.w327 –w329,w333 Temporary pacing yields the risk of
malfunction, introduction of new infections and short duration cap-
ability (see section 6.4). The ESC Guidelines on infective endocarditis
recommend avoidance of temporary pacing as much as possible.w327

Alternatively, a new epicardial pacing system can be inserted

immediately, particularly if the infected lead is extracted at
cardiotomy.

Clinical perspectives:

† There is general consensus among experts that the indication should be
re-assessed before re-implanting a PM after device explantation; if there
is an established indication, re-implantation has to be performed at
another site.

† For patients who are PM-dependent, the optimal management strat-
egy— i.e. immediate epicardial vs. temporary transvenous pacing—is
not well defined.

6.3 Magnetic resonance imaging in
patients with implanted cardiac devices
Since it is estimated that, after implantation, up to75%ofpatientswith
PMs develop an indication for magnetic resonance imaging (MRI)
examination owing to medical co-morbidities,w334,w335 this Task
Force believes it is necessary to provide recommendations on how
to perform an MRI examination safely in patients with conventional
devices.

Potential adverse effects of MRI on implanted cardiac devices
include: radiofrequency-induced heating of the lead tips, pacing in-
hibition/dysfunction, asynchronous pacing with the possibility of in-
duction of atrial or ventricular tachyarrhythmias, transient reed
switch activation, change or loss of programmed data and
changes in capture threshold.w336 The closer the scanning area is
to the system, the higher is the risk. Initial experience at 0.5 T
and subsequently at 1.5 T suggested that MRI can be performed
safely provided that a safety protocol shown below is
adopted.160 –172,w337,w338 In the largest study to date, that of Nazar-
ian et al.,170 which included 438 patients over a period of 7 years,
the primary clinically significant event attributable to MRI was the
occurrence of power-on-reset events in up to 1.5% of device reci-
pients. During power-on-reset, the device is susceptible to inhib-
ition of pacing output and activation of anti-tachycardia therapies.
Despite this evidence, all ICDs and the overwhelming majority of
currently implanted PMs, are considered a contra-indication to
MRI by the US Food and Drug Administration and by device man-
ufacturers.w339 –w341,w343

A recent prospective, randomized, controlled, worldwide clin-
ical trial,173 which included 258 patients randomized to undergo
an MRI over a period of 1.5 years, evaluated the safety and ef-
fectiveness of a PM system designed for safe use in MRI for
any bradycardia indicated patient. No MRI-related complications
occurred during MRI at 1.5 T, nor at 1 week or 1 month post-
procedure.

Suggestions for device programming when magnetic
resonance imaging is required

Conventional cardiac devices (Figure 2 and Recommendation 1)

(i) Because changes in device variables and programming may
occur, monitoring by qualified personnel during MRI is
essential.
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(ii) Exclude patients with leads that have not matured (,6
weeks since implantation, during which the leads are
prone to spontaneous dislodgement) and those with
epicardial and abandoned leads (which are prone to
heating).

(iii) Programme an asynchronous pacing mode in PM-dependent
patients to avoid inappropriate inhibition of pacing due to de-
tection of electromagnetic interference.

(iv) In contrast, use an inhibited pacing mode for patients without
PM dependence, to avoid inappropriate pacing due to tracking
of electromagnetic interference.

(v) Deactivate other pacing functions (magnet, rate, noise, PVC,
ventricular sense, AF response) in order to ensure that
sensing of electromagnetic interference does not lead to un-
warranted pacing.

(vi) Deactivate tachyarrhythmia monitoring and therapies (ATP/
shock) to avoid delivery of unwarranted therapies.

(vii) Re-programme the device immediately after the MRI
examination.

Magnetic resonance imaging-conditional devices (Recommen-
dation 2)
The basic elements are identical to conventional cardiac devices
(Figure 12). For MRI-conditional devices, programming as described
in (iii), (iv), (v) and (vi) is automatically performed by an external
physician-activated device.

Clinical perspectives:

† When MRI is necessary for clinical management of serious diseases, the
benefit of MRI might outweigh the risk of performing MRI. Alternative
imaging techniques have to be considered.

† A consultation with the EP specialist is warranted.
† No information exists for MRI performed at .1.5 T, even for MRI-

compatible devices. This possibility needs further evaluation.

Implanted PM/ICD

Record devices variables
(lead impedence/threshold, P/R wave

amplitude and battery voltage)

Monitor ECG and symptoms during MRI

• Re-check device variables and compare with baseline
• Restore original programming

• Deactivate other pacing functions
• Deactivate monitoring and ATP/shock therapies (ICD)

Exclude patients with:
• leads implanted <6 weeks before
• abandoned or epicardial leads

Follow manufacturer's
instructions

Not PM-dependent PM-dependent

Programme VVI/DDI
(inhibited)

Programme VOO/DOO
(asynchronous)

Conventional PM/ICD MRI-compatible PM/ICD

Figure 12 Safety precautions for magnetic resonance imaging (MRI) in patients with conventional cardiac devices. ATP ¼ anti-tachycardiac
pacing; ECG ¼ electrocardiogram; ICD ¼ implantable cardioverter defibrillator; PM ¼ pacemaker. Adapted from Nazarian et al.170
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6.4 Emergency (transvenous) temporary
pacing
Complications are common in patients treated with temporary
pacing.w344 –w351 These complications are not only restricted to
the implantation per se but also involve securing the position of the
implanted lead, the change of capture threshold, malfunction, faulty
programming or battery depletion of the external PM; it also includes
those complications related to the patient, who may extract the
pacing lead accidentally. Furthermore, longer use of temporary trans-
venous pacing may restrict the patient to being bedridden, with ac-
companying risks for infection and thrombo-embolic events.
Without recognition of the potential complications, adverse effects
might outweigh the beneficial effects of the PM. Therefore, this
Task Force believes that temporary pacing should be avoided as far
as possible and, when used, the treatment time should be as brief
as possible.

The following issues are relevant as guidance for clinical practice:

† Temporary transvenous pacing shall not be used routinely—
and only as a last resort when chronotropic drugs are
insufficient.

† Positive chronotropic drug infusion (e.g. isoproterenol, epineph-
rine, etc.) may be preferred for a limited time, unless there is a
contra-indication.

† Temporary transvenous pacing should be limited to cases of (i)
high-degree AV block without escape rhythm, (ii) life-
threatening bradyarrhythmias, such as those that occur during

interventional procedures (e.g. during percutaneous coronary
intervention, etc) or, rarely, in acute settings such as acute
myocardial infarction, drug toxicity or concomitant systemic
infection.

† If the indications for permanent pacing are established, every
effort should be made to implant a permanent PM as soon as
possible.

Transcutaneous temporary pacing by an external
defibrillator
This Task Force warns that external pacing provided by patches and
an external defibrillator does not provide reliable ventricular stimu-
lation and therefore should only be used, under strict haemodynamic
and ECG monitoring, when no other option is available. As soon as
possible an alternative action should be undertaken, such as adminis-
tration of chronotropic drugs or temporary or permanent pacing.

6.5 Remote management of arrhythmias
and device
The usefulness of remotemonitoring has been extensively addressed
in the recent joint European and American expert consensus state-
ment on CRT in heart failure to which we refer.w124 This Task
Force endorses that document and believes that there is sufficient
evidence to give the recommendation that follows.174 –176

Diagnosing AF before the first complications occur is a recognized
priority for an early starting of anticoagulation therapy and preven-
tion of stroke. Recent data, collected in patients with implanted
devices, reinforce the assumption that even short episodes of
‘silent’ AF convey an increased risk for stroke.153 For this issue, we
refer to a specific guideline and consensus document.w352,w353

Recommendations Class a Level b Ref. C

Device-based remote 
monitoring should be 
considered in order to provide 
earlier detection of clinical 
problems (e.g. ventricular 
tachyarrhythmias, atrial 

(e.g. lead fracture, insulation 
defect). 

IIa A 174–176

aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendation(s).

Magnetic resonance in patients with implanted cardiac
devices

Recommendations Class a Level b Ref. C

1) Conventional cardiac 
devices.  
In patients with conventional 
cardiac devices, MR at 1.5 T can 
be performed with a low risk 
of complications if appropriate 
precautions are taken (see 
additional advice). 

IIb B 160 –172

2) MR-conditional PM 
systems.  
In patients with MR-conditional 
PM systems, MR at 1.5 T 
can be done safely following 
manufacturer instructions.

IIa B 173

MRI ¼ magnetic resonance imaging; PM ¼ pacemaker.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendation(s).
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