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Cardiac resynchronization therapy (CRT) is a routine 
treatment option for adult patients with chronic left  
ventricular (LV) failure due to idiopathic or ischaemic 
dilated cardiomyopathy associated with electromechanical 
dyssynchrony. Initial studies showed acute hemodynamic 
effi  cacy and subsequent controlled randomised trials 
confi rmed reverse LV remodelling, functional improvement, 
decrease in heart failure hospitalisation, and decreased 
overall mortality. In both European1 and North American2 
guidelines CRT is a class I (level of evidence A) therapy 
for patients with an LV ejection fraction ≤ 35% and QRS 
≥ 120  ms who remain symptomatic (New York Heart 
Association [NYHA] functional class III–IV) despite optimal 
medical treatment. Smaller retrospective series, including 
two multi-centre surveys,3,4 have meanwhile shown a benefi t 
of CRT in patients with congenital heart disease both for 
the acute manipulation of cardiac output aft er surgery for 
congenital heart defects, and for the management of chronic 
systemic ventricular failure. Th is review will summarise the 
use of temporary and permanent CRT on the background 
of the heterogeneity of this population in terms of age, 
structure and causes of electromechanical dyssynchrony, 
and give some practical hints for CRT application.

Pathophysiology of electromechanical 

dyssynchrony

Electromechanical dyssynchrony causes a sequence of events 
which may result in pathological ventricular remodelling and 
eventually failure. Th ese have been documented in animal 
experiments and confi rmed subsequently in the clinical 
setting. Wymen et al5 studied mechanical LV deformation by 
segmental circumferential strain in dogs paced from the right 

ventricular (RV) apex. Th ey found early contraction close to the 
pacing site with accompanying stretch of the remote segments, 
followed by subsequent contraction of late activated segments 
along with relaxation and stretch of the early activated sites. 
Th e group of Prinzen et al was able to show the consequences 
of dyssynchronous activation on local myocardial work with 
decrease in the early sites contracting with a low local preload 
and increase in the late sites whose preload was increased 
by preceding stretch.6 Finally, van Oosterhout et al7 showed 
development of asymmetric myocardial hypertrophy due to 
diff erences in local myocardial work with decrease in regional 
wall thickness and volume at the early contracting sites and 
increase in the areas of late contraction. 

Clinical observations in children have confi rmed the 
experimentally described contraction patterns8 (Figure 1) 
and provided empiric proof of wasted myocardial work 
caused by ventricular dyssynchrony (Figure 2). Published 
data have also shown that restoration of a normal mechanical 
contraction pattern will increase contraction effi  ciency.9 
Response patterns to CRT should obviously be dependent on 
the aetiology of ventricular failure. Fast and almost complete 
reverse ventricular remodelling was observed in patients 
with primary LV dyssynchrony and failure caused solely by 
RV pacing.10 Less optimal results, however, may be obtained 
in those patients in whom dyssynchronous contraction is 
a consequence or companion of other heart disease. Th us, 
the effi  cacy of CRT will vary with the underlying structural 
and pathophysiologic substrate, such as the anatomy of the 
systemic ventricle (left , right or single), the presence and 
degree of structural systemic atrioventricular (AV) valve 
regurgitation, and the presence of primary myocardial 
disease or scarring. Potential response patterns to CRT are 
depicted in Figure 3.

Tento článek vznikl na vyžádání redakce časopisu Heart pro Education in Heart Series (Heart 2009;95;940–947) a shrnuje pro širší 
kardiologickou veřejnost názornou formou současný pohled na indikace, technické aspekty a výsledky dočasné i trvalé srdeční 

resynchronizační léčby u dětí a pacientů s vrozenou srdeční vadou.
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Epidemiology of electromechanical 

dyssynchrony with respect to CRT

Comprehensive data on the prevalence of cardiac dys-
synchrony amenable to CRT have not yet been published, 
but information can be retrieved from various sources. First, 
looking at the two available multicentre surveys on CRT 
in children and patients with congenital heart disease3,4 
(Table 1), the presence of a left  bundle branch block with 
left  ventricular dysfunction (the most frequent indication 
for CRT in adult heart disease) is rather uncommon (9.2 %) 
as an indication for CRT in the congenital heart disease 
population. In one half to two thirds of the cases, CRT 
was applied as an upgrade of conventional ventricular 
pacing because of pacing associated heart failure; 70–80% 
of the patients had structural congenital heart disease with 
a systemic RV in up to a third. Additional data are specifi cally 
available for the systemic RV population, with 9.3% of the 
patients aft er the atrial baffl  e procedure for d-transposition 

Figure 1 New echocardiographic technique of speckle tracking 

derived two dimensional strain is able to detect segmental myocardial 

deformation. The upper left panel displays colour coded left ventricular 
(LV) segments in the apical four chamber view with corresponding 
strain curves in the right hand panel (negative strain = contraction; 
positive strain = relaxation or stretch) and curved two dimensional 
strain M mode in the lower left panel. During right ventricular outfl ow 
tract pacing for complete atrioventricular (AV) block, early contraction 
appears in the basal and mid ventricular septum (coded yellow and light 
blue; yellow arrow) causing stretch of the corresponding segments on 
the LV free wall (coded red and dark blue) followed by late contraction 
of the latter at the time of septal relaxation (red arrow). This results in an 
excessive septal to free wall mechanical delay of 300 ms and severe LV 
dyssynchrony.

Figure 2 The same patient as in Figure 1. Mounted picture using 

diff erent echocardiographic techniques aligned to the same time 

scale to display global left ventricular (LV) timing. From top to 
bottom: pulsed Doppler from the mitral valve, pulsed Doppler from 
the LV outfl ow tract, ECG, M mode from the parasternal long axis 
view. The LV pre-ejection period of 170 ms refl ects slow systolic LV 
pressure rise due to dyssynchrony evident by a septal (yellow arrow) 
to posterior (red arrow) wall motion delay of 280 ms. Ejection (see 
LV outfl ow Doppler tracing) starts by septal contraction at the time 
of maximum end-diastolic stretch of the LV posterior wall. Peak LV 
posterior wall contraction appears after aortic valve closure (end of 
ejection as depicted by the LV outlow Doppler) and corresponds with 
onset of the LV fi lling (mitral valve infl ow). Energy put into LV posterior 
wall contraction is partially wasted because it is not contributing to LV 
ejection. 
LV – left ventricle, MV – mitral valve

Figure 3 Two potential response patterns to cardiac resynchronisation 

therapy (CRT). (A) Ventricular failure was caused exclusively by 

dyssynchrony (for instance, right ventricular [RV] pacing induced 

dyssynchrony in an otherwise normal heart). Dyssynchrony causes 
an immediate decrease in pump effi  ciency (orange arrow) followed 
by pathologic left ventricular (LV) remodelling (pink) leading to 
severe ventricular failure. CRT causes immediate improvement (green 
arrow) followed by almost complete reverse remodelling (blue). 
(B) Dyssynchrony is a consequence or companion of other myocardial 

disease (for instance, bundle branch block in idiopathic dilated 

cardiomyo pathy). Pathologic remodelling progresses (pink) until CRT 
is started. CRT leads to immediate improvement in ventricular function 
(green arrow) followed by a variable degree of reverse LV remodelling 
(blue), but fi nally the original disease process prevails and results in 
further worsening of ventricular function (pink).
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of great arteries and 6.1% of patients with congenitally 
corrected transposition fulfi lling the currently applied CRT 
indication criteria if including NYHA class II patients.11 
Th us, the congenital heart disease cohort amenable to CRT 
is completely diff erent from its adult idiopathic or ischaemic 
heart disease counterpart, and data from the large adult CRT 
trials cannot be easily transferred to this specifi c population.

Principles of CRT

Although still not refl ected by the currently used indication 
criteria, CRT is aimed at correction of ventricular mechanical 
dyssynchrony12 and several studies have shown this to be 
a prerequisite for CRT effi  cacy. Figure 4 displays a simple 
scheme of CRT in a patient with left  bundle branch block 
causing a septal to LV free wall electrical and mechanical 

delay. Although anatomical and functional situations 
may vary, this scheme is generally valid for any CRT 
application. CRT has mostly been realised by biventricular 
pacing, but single site atrial synchronised pacing of the late 
activated myocardial segments in fusion with spontaneous 
ventricular activation may be as eff ective.13 Th e reasons 
for the prevailing use of biventricular pacing lie in the 
inability to optimize the mechanical AV delay by single site 
pacing in case of prolonged spontaneous AV conduction 
(excessive shortening of AV delay at the free wall pacing site 
would lead to inverse dyssynchrony with interventricular 
septum being activated to late) and in diffi  culties with 
appropriate AV delay adaptation during exercise (pacing 
may occur too late or too early to achieve eff ective fusion 
with spontaneous activation). In the case of biventricular 
pacing one of the leads is generally placed in or on the 
subpulmonary ventricle close to interventricular septum 
and the other lead is located over the systemic ventricular 
free wall. Th ere should be a suffi  cient spatial and electrical 
separation between both leads so that the resynchronised 
ventricle lies in between the two electrodes. If pacing from 
one of the leads, local activation should occur late (at the 
end of the QRS complex) in the other. Generally, diff erent 
combinations of transvenous and thoracotomy leads may 
be used in adaptation to patient’s age and cardiac anatomy 
to achieve this goal 

Echocardiographic techniques may help to diagnose and 
quantify mechanical dyssynchrony and to identify areas of 
late mechanical activation. Unfortunately, none of them has 
been so far validated in larger studies and the reproducibility 
of echocardiograhic techniques has recently been questioned 
in the PROSPECT trial.14 However, careful integration of 
available data on the electrical and mechanical activation 
sequence, myocardial viability and global cardiac timing 
(Figures 1 and 2) may still be helpful in individual cases to 
support CRT indication and to guide lead placement. Newer 
echocardiographic modalities like the speckle tracking have 
already been shown to predict CRT effi  cacy15 and may hold 
promise for the future.

Temporary CRT for treatment of acute 

postoperative heart failure 

Th e use of CRT for managing low cardiac output aft er surgery 
for congenital heart disease has been under study for almost 
a decade. A recent publication10 summarised briefl y current 
data illustrating the anatomic and functional heterogeneity of 

Table 1 Demographic data from two multicentre surveys on cardiac resynchronization therapy (CRT) in children and patients 

with congenital heart disease

Study n Median age 

(years)

SHD (%) Systemic

RV (%)

Functional

SV (%)

Conv pacing (%) LBBB

systemic LV (%)

Dubin et al3 103 12.8 71.0 16.5 6.8 44.7 –

Janoušek et al4 109 16.9 79.8 33.0 3.7 77.1 9.2

Conv pacing – conventional pacing before CRT, LBBB – left bundle branch block, LV – left ventricle, RV – right ventricle, SHD – structural heart disease, SV – single 
ventricle

Figure 4 Simple scheme of cardiac resynchronisation therapy (CRT) 

in a patient with left bundle branch block and left ventricular (LV) 

dysfunction. (A) During native conduction electrical and mechanical 

LV free wall activation is delayed because of the left bundle branch 

block. This results in septal to lateral LV dyssynchrony. (B) CRT is 

applied by properly timed LV free wall pre-excitation and results in 

fusion between spontaneous (septal) and paced (free wall) activation 

refl ected by a narrowed QRS complex and restoration of LV contrac-

tion synchrony. Single site LV or biventricular pacing may be used to 
achieve this goal (see text for details). 
AVN – atrioventricular node, LV – left ventricle, RV – right ventricle, 
SAN – sinoatrial node
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the treated populations. To achieve synchrony of ventricular 
contraction either atrial synchronous multisite ventricular 
pacing or single site pacing at the site of late activation with 
fusion with spontaneous depolarisation is used. In the latter 
case, the AV delay has to be manipulated to achieve the 
shortest QRS duration possible by placing the pacing pulse 
at the beginning of the spontaneous QRS complex. 

All available studies10 reported haemodynamic impro-
vement. Th ree of them focused partially or totally on the 
resynchronization of a failing subpulmonary right ventricle 
(RV). Fusion pacing to one or more RV free wall sites was 
adjusted to functionally alleviate right bundle branch block. 
Successful resynchronisation of a single ventricle was reported 
in two studies. Th ree ventricular leads were placed as far apart 
as possible on the apex, right free wall and either outfl ow 
tract, or left  free wall. One study showed that mechanical 
resynchronisation of a single ventricle could be achieved 
despite normal baseline QRS duration (mean 94 ms). Th is 
has opened a space for further research looking at mechanical 
dyssynchrony as a potential and correctable substrate 
contributing to heart failure in single ventricular patients. 

In some of the reported patients temporary re synchroni-
sation was a very powerful tool enabling discontinuation 
from cardiopulmonary bypass when all other measures were 
unsuccessful. Th e method has a potential for interrupting 
the vicious circle of dyssynchrony associated acute heart 
failure. In this situation, an increase in catecholamine support 
leads to exaggerated heart rates due to sinus tachycardia, 
and results in a combination of ineffi  cient dyssynchronous 
ventricular contraction with severe limitation of diastolic 
ventricular fi lling due to short cardiac cycle duration 
and prolongation of systole and both isovolumic periods. 
Cooperation with the cardiac surgeon, identifi cation of the 
failing and resynchronisable ventricle (either systemic or 
subpulmonary), and appropriate placement of temporary 
pacing wires at areas of late electromechanical activation 
is, however, essential. Fine adjustment of the AV delay to 
achieve optimal ventricular fi lling can easily be performed 
looking at the monitored fi lling and arterial pressure values 
in the intensive care unit (ICU). Dyssynchrony carried by 
inappropriate single site ventricular pacing in the instance of 
AV block should further be avoided and available data suggest 
that temporary pacing from the systemic ventricular apex 
preserves systolic function16 and may be an important part 
of a prosynchronisation strategy. Resynchronisation pacing 
can usually be discontinued early in the postoperative course 
aft er spontaneous improvement in myocardial function.

Th e following case will demonstrate one facet of temporary 
CRT use in the postoperative period. A 4-month-old girl was 
admitted to the paediatric cardiac ICU aft er an otherwise 
uncomplicated primary repair of tetralogy of Fallot using 
a transannular patch. She was in overt right ventricular 
failure with a central venous pressure of 15  mmHg and 
a mean arterial pressure between 40– 50 mmHg, despite 
high dose catecholamine support and preload optimisation. 
Th e ECG revealed sinus rhythm with a slightly prolonged 
PR interval of 160 ms and complete right bundle branch 

block. A temporary pacing wire was placed on the right 
ventricular outfl ow tract during the operation and atrial 
synchronised ventricular pacing was started in an attempt 
to functionally alleviate the right bundle branch block 
causing RV desynchronisation and contributing potentially 
to RV failure. Th is led to an immediate increase in blood 
pressure (Figure 5), enabled reduction in inotropic support 
and volume replacement, and stabilised the haemodynamics 
during the fi rst 48 h aft er surgery, aft er which pacing could 
be uneventfully discontinued.

Permanent CRT

In contrast to temporary resynchronization, permanent 
CRT has so far been reported only for the systemic ventricle. 
Th ere are no data or indication criteria for permanent 
resynchronisation of the subpulmonary RV. Results relevant 
to paediatric and congenital heart disease patients can 
be retrieved from two larger retrospective surveys3,4 and 
a limited number of smaller studies.10 Th e following fi ndings 
are notable:

  Th e majority of the patients reported in the two collaborati-
ve surveys3,4 were categorised as NYHA class II refl ecting a 
more liberal and pro-active approach to CRT as compared 
to the current offi  cial indications. Such an approach seems 
to be supported by recent data from ischaemic and idiopa-
thic cardiomyopathy showing successful reverse ventricular 
remodelling aft er CRT in an NYHA class II population.17

  Th e best response to CRT, with almost complete reverse 
remodelling, has been observed in patients with systemic 
left  ventricles who were upgraded to CRT from conven-

Figure 5 Haemodynamic eff ect of right ventricular resynchronisation 

for acute heart failure after repair of tetralogy of Fallot. Left side of 
the intensive care unit monitor printout displays atrial triggered right 
ventricular outfl ow tract pacing (see scheme at the bottom of the fi gure) 
leading to functional alleviation of the right bundle branch block (narrow 
QRS) and presumed improvement in right ventricular function. After 
pacing is switched off  (right side of the panel) immediate haemodynamic 
deterioration is observed with a decrease of systolic arterial pressure by 
10–15 mmHg. 
AP – arterial pressure, LA – left atrium, LV – left ventricle, RA – right 
atrium, RV – right ventricle, RVOT – right ventricular outfl ow tract

Paediatric
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tional RV pacing. Th is cohort had signifi cantly improved 
LV ejection fractions, increasing from a median of 21% 
to 53% (p < 0.001) in studies with available individual 
data.10 Th is fi nding suggests the possibility of purely RV 
pacing induced LV failure completely reversible by CRT 
or, as recently reported, by the change of the pacing site 
towards the LV apex.18

  CRT in this group may help to delay heart transplantation. 
Almost 40% of the heart transplant candidates could be 
de-listed aft er CRT10 suggesting that all patients awaiting 
transplantation should be specifi cally screened for the 
presence of mechanical dyssynchrony as a potential 
substrate for improvement by CRT.

  Improvement in systolic ventricular function was inde-
pendently predicted by the presence of a systemic LV and 
was better than for systemic RV.4 Th is fi nding supports the 
infl uence of additional specifi c factors in the development 
of systemic RV failure, as reported elsewhere, such as 
diff erent RV architecture, structural tricuspid valve re-
gurgitation, and decreased myocardial perfusion reserve 
which cannot be corrected by CRT.

  Th e presence of primary dilated cardiomyopathy and 
a high NYHA class seems to predict non-response to CRT.4 
Th is fi nding is in contrast to the adult idiopathic dilated 
cardiomyopathy population, where reported results are 
more favourable. Th e reason may lie in diff erent aetiology 
of dilated cardiomyopathy in the young, including meta-
bolic disease, muscular dystrophy and non-compaction, 
where the natural history is unfavourable. High NYHA 
class as a risk factor for CRT non-response probably 
argues in favour of off ering resynchronisation therapy at 
an earlier stage of heart failure development to prevent 
irreversible ventricular deterioration.

Th e following two case reports refl ect an example of 
permanent CRT utilisation in congenital heart disease 
patients. 

Case 1 

A 2.6-year-old girl who had undergone a patch closure of 
a ventricular septal defect in infancy resulting in complete 

heart block and requiring epicardial DDD pacemaker 
implantation was admitted because of progressive heart 
failure (NYHA III) despite full anticongestive therapy. 
Th e echocardiogram showed severely dilated left  ventricle 
(LV  end-diastolic volume index = 249 ml/m2 of body 
surface area) and an ejection fraction of 22% along with 
severe LV dyssynchrony refl ected by a septal to posterior 
wall motion delay of 270 ms (see Figure 2 for explanation). 
Th e ECG revealed a paced QRS pattern with left  bundle 
branch block morphology and 160 ms duration consistent 
with epicardial pacing from the RV free wall. An upgrade to 
biventricular pacing was performed by surgical placement 
of an epicardial LV free wall lead (Figure 6) and produced 
immediate abolition of the septal to posterior dyssynchrony. 
Aft er 12 months of therapy complete reverse LV remodelling 
could be achieved with an LV end-diastolic volume index of 
58 ml/m2 of body surface area and en ejection fraction of 
60% (Figure 7). In this case, LV failure was solely caused by 
RV pacing induced dyssynchrony and CRT was the method 
of choice to treat this patient.

Case 2 

A 12-year-old boy, who had undergone a Senning procedure for 
d-transposition of the great arteries, patch closure of ventricular 
septal defect and LV based DDD pacing for complete surgical 
heart block, experienced gradual deterioration of systemic 
RV function refl ected by an echocardiographically measured 
fractional area of change of 12% along with grade 2 tricuspid 
regurgitation, being in NYHA class II. Because of a paced QRS 
duration of 190 ms, the patient was upgraded to biventricular 
pacing by implanting an epicardial RV free wall lead at an 
area of late local electrical activation (170 ms aft er QRS onset, 
Figure 8), and pulmonary artery banding was performed 
concurrently aimed at retraining the RV for a late arterial 
switch operation. When biventricular pacing was switched on 
there was an immediate improvement in RV maximum +dP/
dt from 496 to 821 mmHg/s. Seventeen months aft er surgery 
the RV fractional area of change increased to 33%, tricuspid 
regurgitation decreased by 0.5 grade, and signifi cant RV 
reverse remodelling in terms of a decrease in the end-diastolic 
RV area from 34 to 25 cm2/m2 of body surface area could be 

Figure 6 Upgrade to biventricular 

pacing for right ventricular (RV) 

free wall pacing induced left 

ventricular (LV) failure. The LV lead 
is placed at the border between 
the basal and mid ventricular 
posterior LV segment clearly 
spatially separated from RV lead. 
LV lies between the two ventricular 
leads and is activated by two 
fusing activation wave fronts. 
LAO – left anterior oblique 
projection, LV – left ventricle, 
RA – right atrium, RAO – right 
anterior oblique projection, 
RV – right ventricle
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observed. Given the concomitant functional improvement to 
NYHA class I the plan for late arterial switch was deferred. 
Th is case probably best illustrates the complexity of decision 
making in systemic RV patients. Combined strategies to 
improve RV function by resynchronisation and to decrease 
tricuspid regurgitation by pulmonary artery banding or valve 
reconstruction/replacement may hold promise for certain 
selected patients.

Conclusion

CRT is a valuable tool for treating dyssynchrony 
associated acute and chronic heart failure in patients 
with paediatric or congenital heart disease. Th e anatomic 
and functional heterogeneity of this population calls for 
individual approaches in both the indication process 

and CRT implementation. Achievable results depend on 
the underlying substrate but may reach up to successful 
discontinuation from cardiopulmonary bypass in the 
acute postoperative heart failure setting, complete reverse 
remodelling of the systemic ventricle in permanent CRT, or 
delisting from the heart transplant waiting list. Ventricular 

Figure 8 Example of mixed lead placement used for biventricular 

pacing in a patient after a Senning operation for transposition of 

great arteries. A transvenous left ventricular lead is used along with an 
epicardial right ventricular free wall lead and epicardial right atrial lead. 
Systemic right ventricle lies between the two ventricular leads and is 
activated by two fusing activation wave fronts. 
LAO – left anterior oblique projection, LV – left ventricle, RA – right 
atrium, RV – right ventricle

Figure 7 Endocardial end-diastolic and end-systolic contours of the 

left ventricle (LV) from the echocardiographic parasternal short axis 

image. (A) Before cardiac resynchronisation therapy. Poor LV contractil-
ity is seen along with a twisting movement with absence of concentric 
contraction. (B) Complete reverse remodelling after 12 months of 

therapy.

A B

End diastole End systole
50 mm

CRT in congenital heart disease: key points

Pathophysiology of electromechanical dyssynchrony

Sequence of events caused by electromechanical dyssynchrony:
  Dyssynchronous ventricular contraction with early and late 

contracting segments
– Late contracting segments are stretched by the early contracting 

regions and perform a higher local myocardial work.
– This work is to some part wasted because late contraction 

appears after semilunar valve closure and end of the ventricular 
ejection phase. 

– Ineffi  cient ventricular contraction and pathologic remodelling 
results.

Electromechanical dyssynchrony

Causes of clinically relevant electromechanical dyssychrony diff er from 
adult idiopathic and ischaemic cardiomyopathy. The following are 
most prevalent:

  Dyssynchrony associated with cardiac pacing from the subpulmo-
nary ventricle.

  Dyssynchrony caused by right bundle branch block.
The combination of systemic left ventricle along with a left bundle 
branch block is rare in the congenital heart disease population.

Principles of CRT

CRT is based on electrical pre-excitation of late contracting myocardial 
segments and causes:

  Correction of septal to lateral intraventricular dyssynchrony.
  Immediate increase in contraction efficiency by abolition of wasted 

myocardial work.

  Mechanical AV delay optimisation and improvement of ventricular filling.
  Reverse ventricular remodelling.
  Functional improvement.

Temporary CRT

Prerequisites of successful use of temporary CRT for improvement of 
cardiac output in patients with acute heart failure after surgery for 
congenital heart defects are:

  Identification of the failing dyssynchronous ventricle. 
  Placement of temporary ventricular pacing wires close to segments 

with late contraction (cooperation with the surgeon).
  Appropriate external pulse generator programming and haemo-

dynamic optimisation of the AV delay.
  Use of temporary CRT in the operating room if there are problems 

with disconnection from cardiopulmonary bypass (cooperation 
between surgeon, anaesthetist, intensivist and electrophysiologist).

Permanent CRT

Permanent CRT is eff ective in the treatment of systemic ventricular 
dysfunction and failure associated with intraventricular mechanical 
dyssynchrony:

  Improvement after CRT is better in systemic LV patients and in 
conventional pacing induced dyssynchrony.

  Combined strategies aimed at resynchronisation and surgical 
improvement or relief of tricuspid regurgitation may be helpful in 
systemic RV patients.

  Heart transplant candidates should specifically be screened for 
mechanical dyssynchrony as a CRT correctable cause of heart failure.
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dyssynchrony is generally a correctable cause of ventricular 
dysfunction and should not be forgotten in any patient with 
acute or chronic heart failure. Available paediatric review 
articles may be of further help to the interested reader.10,19,20 
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