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REVIEWS

The relationship between atrioventricular and
intraventricular conduction disorders and mitral
regurgitation and the impact that implantable devices
have upon it
Oana Andrei1, Radu Ciudin1, Carmen Ginghina1
Abstract: In the development of functional mitral regurgitation, ventriculo-valvular interaction has a key role. Atrioventricular dyssynchrony, interventricular and intraventricular electromechanical delay may cause functional mitral regurgitation. This review discusses the possible pathophysiological mechanisms by which atrioventricular conduction disturbances,
intraventricular and right ventricular (RV) pacing influence ventricular-mitro-atrial interaction, as well as echocardiographic
techniques that identify early as affecting this interaction, allowing the finding vulnerable patients developing left ventricular
dysfunction. Also are reviewed pacing modalities available for patients with standard pacemaker indication and normal left
ventricular systolic function, in an attempt to find the optimal way of pacing. Although this concern has given rise to numerous clinical investigations in the past twenty years, it remains a controversial issue.
Keywords: functional mitral regurgitation, echocardiographic techniques, pacemaker
Rezumat: În dezvoltarea regurgitării mitrale funcţionale un rol cheie îl are interacţiunea ventriculo-valvulară. Asincronismul atrioventricular, întârzierea electromecanică interventriculară şi intraventriculară pot determina regurgitare mitrală
funcţională. În acest articol sunt discutate mecanismele fiziopatologice posibile prin care tulburările de conducere atrioventriculare, intraventriculare şi pacingul ventricular drept influenţează interacţiunea ventriculo-mitro-atrială, precum şi tehnicile
ecocardiografice care să identifice cât mai precoce afectarea acestei interacţiuni, permiţând astfel găsirea pacienţilor vulnerabili la dezvoltarea disfuncţiei ventriculului stâng. De asemenea sunt trecute în revistă modalităţile de pacing disponibile
pentru pacienţii cu indicaţie standard de cardiostimulare şi funcţie sistolică a ventriculului stâng normală, în încercarea de a
găsi modalitatea optimă de pacing. Deşi această preocupare a dat naştere la numeroase investigaţii clinice în ultimii douăzeci
de ani, rămâne o problemă controversată.
Cuvinte cheie: regurgitare mitrală funcţională, tehnici ecocardiografice, pacing

INTRODUCTION
Along with increasing population age the prevalence
of conduction disorders has also increased. The only
effective therapy of symptomatic conduction disorders
is pacing. Each year ~750000 new pacemakers1 are implanted. Despite the clinical investigations conducted
for nearly 20 years, the optimal way of pacing remains
a controversial issue.
Atrioventricular conduction disturbances2,3, left
bundle branch block (LBBB)4,5 and right ventricular
pacing6,7 show an impact on mitral regurgitation and
ventricular function even in patients with preserved
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left ventricular ejection fraction (LVEF).The magnitude
and mechanics by which they influence mitral regurgitation are still not quantified.

FUNCTIONAL MITRAL
REGURGITATION
The mitral valve apparatus is a dynamic, three-dimensional complex, whose normal function depends on
the integrity and harmonious interaction of its components. The key element of functional mitral regurgitation is the ventricular-valvular interaction, which appears as a result of the mitral valve dysfunction evolv-
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ing secondarily to the LV (left ventricle) damage and
atrioventricular (AV) dyssynchrony. Functional mitral
regurgitation occurs in approximately 30% of patients
with ischemic heart disease and dilated cardiomyopathy and brings about a negative prognosis, being an
independent predictor of mortality8.
Functional mitral regurgitation is caused by the imbalance between tethering forces that tend to pull the
mitral valve cusps towards the left ventricle (LV) (LV
dilatation, mitral annulus dilatation, papillary muscle
displacement, LV sphericity) and closing forces of the
mitral valve (decrease in LV contractility, global LV contraction dyssynchrony, papillary muscle dyssynchrony,
reduction of systolic contraction of the papillary
muscles)7-14. Tethering forces are transmitted through
the LV wall – papillary muscles – chordae tendineae
system and do not allow the cusps to prolapse into
the left atrium (LA). Closing forces depend mostly on
the force generated by the LV to close the mitral valve cusps. Thus, in dilated cardiomyopathy, functional
mitral regurgitation is caused by increase of tethering
forces (geometric remodeling of the LV induces the
apical and lateral displacement of the papillary muscles
and the tethering, dilatation and flattening of the mitral
annulus) and decrease of closing forces due to systolic dysfunction. Additionally, dyssynchrony of papillary
muscles and underlying myocardium can be associated.
In the case of a LV with normal size and function (the
case of atrioventricular and intraventricular conductions disorders and cardiac pacing), the possible mechanism of functional mitral regurgitation is less known,
atrioventricular dyssynchrony can be addressed by the
absence of normal temporal relationship of atrial and
ventricular phases during the cardiac cycle, intraventricular dyssynchrony with altered activation sequence of
the myocardium, papillary muscles and consequently
the mitral apparatus, or cusps’ coaptation abnormalities15.
Recent data support the idea that the mitral valve
is not an „innocent bystander” in patients with chronic functional mitral regurgitation. An adaptive process
of structural remodeling occurs in the mitral valve
cusps through changes in the extracellular matrix by
their thickening and lengthening, proportionally to the
tethering of papillary muscles, mitral annulus dilatation,
LV and LA dilatation. The area of mitral valve cusps
can increase up to 35%, reducing initially the degree
of mitral regurgitation. In time, remodeling becomes
insufficient and contributes to the worsening of the
mitral regurgitation. It triggers a vicious circle: mitral
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regurgitation represents a volume overload of the left
ventricle, which remodels and dilates itself in order to
restore parietal pressure. Alteration of the LV geometry determines the remodeling of the mitral annulus,
cusps and chordae tendineae with aggravation of mitral regurgitation. Thus, the severity of mitral regurgitation increases during these processes of adaptation,
being progressive, in constant motion, fueling the LV
remodeling in progress8,10,17.
The severity of functional mitral regurgitation varies
during the cardiac cycle, because it is dependent on
the loading conditions and phases of cardiac cycle8,17-19.
According to Carpentier’s functional classification,
functional mitral regurgitation is of type IIIB/I, being
determined by the systolic restriction of mitral valve
cusps’ displacement and mitral annulus dilatation8,9.
The cornerstone in evaluating functional mitral regurgitation is both the transthoracic and transesophageal echocardiography that play complementary roles.
Transesophageal ultrasound identifies more accurately
the cause and mechanism, it measures the cusps’ length, the angles (especially the posterolateral angle –
meaning the posterior cusp traction)8,9. Ultrasound is
indispensable to assess mitral valve anatomy, LV size
and function, right ventricle (RV) and LA, pressure in
the pulmonary artery, quantification of tricuspid regurgitation that are required for a successful repair of
mitral regurgitation. Integration of qualitative, quantitative and semi-quantitative assessments classify it into
mild, moderate and severe.
1. Semi-quantitative parameters: vena contracta,
flow in the pulmonary veins (peak velocities of
systolic (S) and diastolic (D) waves, duration and
maximum velocity of the atrial reflux (Ar) wave,
S/D ration), IVTMI/IVTTEVS ratio (velocity time
integral of mitral valve/velocity time integral in
the LV outflow tract)9,12,14;
2. Quantitative parameters: regurgitant orifice area,
regurgitant volume9,12,14;
3. Prognostic parameters of functional mitral regurgitation9,12,14:
- parameters reflecting the deformation of the
mitral apparatus: coaptation distance, tenting
area, posterolateral angle, mitral annulus, mitral
annulus contraction;
- parameters that reflect local remodeling: the
distance between papillary muscles, delay between contraction of papillary muscles, apical
displacement of the posteromedial papillary
muscle,
431
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- parameters that reflect local remodeling: LV
telesystolic diameter, LV telediastolic diameter,
LV telesystolic volume, sphericity index.
4. The dilated LA and LV support the diagnosis9,12,14.
Echocardiographic quantification of mitral regurgitation severity is based on the assessment of the
central portion of regurgitant flow by measuring the
vena contracta or proximal convergence zone. Since
these methods admit that the mitral orifice is circular, functional mitral regurgitation is undervalued by
their measurement, the mitral orifice in its case being
elliptical. This situation is further aggravated if there
are multiple jets. 3D echocardiography exceeds this
limit by direct planimetry of the vena contracta regardless of the form and number of orifices. The severity of mitral regurgitation varies during the cardiac
cycle phases, and it can be more important during the
proto- or tele-systole. Therefore, its severity is undervalued if done during the meso-systole. The severity
of mitral regurgitation is assessed after integrating all
echocardiographic parameters obtained by 2D and 3D
methods8.
Exercise echocardiography can bring additional data
on the severity of functional mitral regurgitation. This
is necessary if there are inconsistencies between clinical data and severity of functional mitral regurgitation
evaluated at rest. At effort, functional mitral regurgitation can worsen as a result of hemodynamic changes
(increase of LV pre- and afterload) induced by it. The
LV may become more spherical, causing the increase
of the cusps’ coaptation distance and the systolic expansion of the mitral annulus. Moreover, the effort may
induce the increase of LV dyssynchrony with the worsening of the functional mitral regurgitation. Although
there are studies showing that the presence of functional mitral regurgitation at effort identifies patients at
increased risk of mortality, larger trials are necessary
to determine the role of exercise echocardiography in
its evaluation8.
Regardless of etiology, functional mitral regurgitation is associated with increased mortality from any
cause and increase of hospitalizations for heart failure
(HF)8.

VENTRICULAR-MITRAL-ATRIAL
INTERRELATION IN CONDUCTION
DISORDERS AND CARDIAC PACING
Atrioventricular blocks of any degree determine diastolic mitral regurgitation. This occurs due to the
absence of normal succession in time between atri432
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al contraction (it occurs early in diastole and it is
followed by an incomplete closing the mitral valve)
and the ventricular systole (that normally determines
the efficient closing of the mitral valve) and due to the
reversal of the atrioventricular pressure gradient (telediastolic pressure in the LV is higher than the pressure
in the LA, atrial contraction being followed by its relaxation thereof). In most cases (when the telediastolic
pressure of the LV is not elevated), diastolic mitral regurgitation has a low hemodynamic significance2,3.
Most conduction disorders require pacing as directed by current guidelines20. Pacing of patients with
preserved systolic function, according to these indications, may be single-chamber or dual-chamber pacing.
In both cases, the ventricular electrode is located in
the right ventricle (RV), most often in the RV apex,
this location being easily accessible, ensuring a safe and
effective pacing by using an endocardial electrode with
passive fixation21,22. Apical pacing of RV has adverse hemodynamic consequences, similar to those induced by
the left bundle branch block (LBBB), due to non-physiological activation of the LV23.
Single-chamber ventricular pacing as treatment of
symptomatic AVB are multiple adverse hemodynamic
consequences, being determined by the atrioventricular (AV) dyssynchrony (with loss of atrial pump contribution to cardiac output and occurrence of diastolic
functional mitral regurgitation), by the ventriculoatrial
conduction (underlying the pacemaker syndrome) and
by the intraventricular and interventricular dyssynchrony due to RV pacing24,25. Since 1925, Wiggers has
showed that RV pacing reduced the LV’s pump function in mammals26,27.
Dual-chamber pacing, although preserved the atrioventricular synchrony, involves a compromise between restoring the stimulated, reasonable heart rate
and unwanted cardiac dyssynchrony induced by RV
pacing28. Approximately 50% of patients with RV pacing
develop dyssynchrony in the LV contraction, followed
by alteration of the systolic function and by its remodeling29-32. Hemodynamic benefits of atrioventricular
synchrony are: 1) increases the preload and, thereby
the LV contractility; 2) limits mitral regurgitation by
closing the AV valves before ventricular systole; 3) facilitates venous return by maintaining a low pressure in
the LA; 4) regulates the autonomic and neurohormonal reflexes involving LA26.
Randomized clinical trials have showed that atrial
pacing (keeping atrioventricular and intraventricular
synchrony) reduces the risk of HF, atrial fibrillation and
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mortality compared with the dual-chamber or singlechamber ventricular pacing. The target concern is to
develop algorithms for decreasing the unnecessary
ventricular pacing.
The first evidences of this concept come from the
MOST trial analysis, which shows that the higher cumulative percentage of RV pacing correlates with the
higher risk for HF and atrial fibrillation in patients with
SND (sinus node dysfunction). The cumulative percentage of RV pacing above 80% in the VVI mode is
the strongest predictor of HF post implantation. The
lowest risk have had the patients with a low cumulative percentage of RV pacing (those with atrial pacing
in dual-chamber pacemaker context)34. The results of
the DAVID and MADITII trials are consistent, reaching
the conclusion that the lowest risk of HF worsening
and mortality is with patients having a low cumulative
percentage of V pacing6,26,33.
RV pacing and LBBB induce the heterogeneous electrical and mechanical activation of the myocardium, because the wave front propagation is done slowly, more
in the myocardium than in the specialized conduction
system, His-Purkinje. Asynchronous electric activation
has adverse hemodynamic consequence because not
only the onset differs at the level of the ventricular
myocardium, but also its contraction pattern. Thus,
delayed hemodynamic activation between different
myocardial segments occurs with global hemodynamic consequences. The strain of myocardium near the
electrod contracts earlier and determines the tethering of the non-activated remote myocardium. This
tethering further delays their shortening, increasing
the local contraction force (based on the Frank Starling, local mechanism) and is an important stimulus of
the remodeling process, causing the more pronounced
hypertrophy in the pre-stretched myocardium regions
activated later.The delayed activated myocardium tractions through early activated myocardial areas, subjecting them to a paradoxical systolic stretch. This mutual
stretch of segments in the LV myocardium causes a
less efficient mechanical and energetic systolic contraction and an abnormal relaxation. Asynchronous
contraction determines the shortening of the ejection
time and slowing down of the decrease and increase rate of LV pressure, causing the lengthening of the
periods of isovolumetric contraction and relaxation33
and a reduced stroke volum. Abnormal relaxation is
caused by the premature relaxation of the early activated myocardium regions and delayed contraction
of remote myocardial segments. This is expressed
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through the reduction of the LV pressure drop rate,
increase in relaxation time, decrease of E-wave velocity. Through the delayed activation and contraction
(elongation of the LV systole), V pacing decreases the
diastolic filling period and the preload. Prolongation
of the LV systole causes the occurrence of interventricular dyssynchrony (RV contraction begins before
LV contraction)33. During RV pacing, the strain in the
different myocardial segments becomes asynchronous
with different onset of shortening6,33,35. STE provides
an accurate assessment of LV function and mechanical
asynchrony. Thus, a decrease of the longitudinal strain
in the myocardial segments near the electrode is found
(activated earlier) and is increased in the remote myocardial segments6,33.
Local differences in myocardial contraction pattern
during pacing determines the redistribution of mechanical work, of perfusion and of oxygen required in the
ventricular wall. These are mainly in the apical and inferior segments, where electrodes of the V pacing are
located, being irreversible after pacing is off. Thus, induction of varying degrees of myocardial injury and
interstitial fibrosis in different myocardial segments causes heterogeneous conduction disorders, increasing
the likelihood to develop mechanical dyssynchrony.
Dystrophic calcifications, disorganization of myocardial mitochondria and LV myocardium myofibrils are
described in V pacing.
Early signs of cellular and molecular changes as a result of abnormal activation of the myocardium are the
electrocardiographic repolarization changes occurred
after stopping V pacing (T wave morphologic alteration)33,35. In this phenomenon, Ca and K channels play an
important role33.
During RV pacing and LBBB, the activation of the LV
starts in the interventricular septum (IVS) on the path
of slow transseptal conduction. Subsequently, depending on the location of the electrode (more apical or
more towards the base of the RV), the specialized conduction tissue (Purkinje fibers) is engaged in conducting the electric wave front in a higher proportion (as
it is positioned more towards the base) or in a lower
proportion. Medioseptal pacing or at RV basal IVS level
causes a more physiological electrical activation (the
concentration of Purkinje fibers is higher and the QRS
complex is narrower) compared with apical stimulation (lower density of Purkinje fibers)1,6,22,23,31,33,38-48.
The duration of ventricular myocardium activation in
the presence of RV pacing or LBBB depends on the
functional integrity of the specialized distal conduction
433
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system. The longer duration of the QRS complex is
accompanied by a higher electromechanical delay, correlated with a greater reduction in LVEF and a more
severe mitral regurgitation1,6,22,23,31,33,38-49. A study that
aimed at measuring some hemodynamic parameters
of the LV systolic and diastolic function shows that
significant improvement of hemodynamics during RV
pacing is obtained by positioning the electrode to the
RV free wall towards the septum and from the apex
to the base, from the lower to the upper segments.
The best mechanical performance of the LV is obtained by pacing the RV septum in the medial superior
non-apical segments.This pattern of disorganized electrical activation causes a delay in the depolarization of
the inferolateral wall and an asynchronous mechanical
contraction42.
The anatomy of the mitral apparatus makes the location of the papillary muscles to be close to the myocardial segments activated the earliest (posteromedial
papillary muscle) and the latest (anterolateral papillary
muscle). Thus, the contraction dyssynchrony induced
by the electrical dyssynchrony during RV pacing and
LBBB causes the occurrence of mitral regurgitation,
initially by delaying the interpapillary contraction and
regional remodeling and, thereafter, by global geometry remodeling of the LV6,11,15,17,19,20,25,49-53. As early as
1984, Maurer et al showed that RV pacing induces mitral regurgitation, that its severity is higher in the case
of apical location of the stimulation probe and that
the mapping of the ventricular myocardium regional
function shows a significant heterogeneity, regional
contraction disorders are maximum in the vicinity of
the stimulation probe54. Understanding the ventricularvalvular interaction helps to develop new therapeutic
means. Resynchronization therapy by improving contraction synchrony of papillary muscles, as first mechanism, and subsequently by increasing the contraction

strength of the ventricular myocardium and, reversely,
its remodeling is a therapeutic option that improves
mitral regurgitation8,9, 15,17,19,20,52,53.
Since the LA reacts to changes occurred in the LV,
RV apex pacing influences the LA function and size.
Delay of electromechanical activation caused by RV
pacing increases the depolarization time of the LV (LV
systole ends after RV systole, inducing interventricular
dyssynchrony), so that the early protodiastolic filling of
the LV is compromised.Therefore, the residual volume
of the LA before atrial systole increases, with increase of its contraction strength, by observing the Frank
Starling mechanism at atrial level. In time, overcoming
this mechanism is followed by increase of LA pressure and volume, causing the reduction of longitudinal
deformation39,55,56. Thus, the atrial elongation during LV
systole (LA acts as a reservoir) and proto- and telediastolic atrial shortening (LA acts as a pipe and, respectively, as a pump) are reduced. In addition, functional
mitral regurgitation caused by RV pacing contributes
to increase the LA volume and pressure. Dilation and
increase of atrial pressure amplifies, in its turn, systolic
functional mitral regurgitation and favors the occurrence of diastolic mitral regurgitation. Thus, the relationship between the LV and LA function and mitral
regurgitation is interactive and dynamic, being crucial
to maintain the cardiac output.

CLINICAL IMPLICATIONS
LV systolic dysfunction induced by the RV pacing is
determined by the complex interaction between the
substrate and promoter34.The substrate is determined
by intrinsic atrial rhythm, AV conduction, intraventricular conduction, LV myocardial function (the dysfunction, even if subclinical, both systolic and diastolic, determines additional alteration of electromechanical activation) and the presence of mitral regurgitation and

Figure 1. Right ventricular pacing leads to asynchronous contraction and interpapillary contraction delay.
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HF34,36. Promoters are specific to pacing and comprise
two elements: intraventricular and AV dyssynchrony.
Subtle differences in the location of the electrode in
the RV apex, depending on the proximity to the Hiss
Purkinje system, may influence the appearance of electromechanical V dyssynchrony. Any stimulation outside
the normal conduction system finally determines electromechanical changes with the deterioration of the
LV function. Patients with substrate at low risk (normal
systolic function, normal QRS, without mitral regurgitation, without LVH - left ventricular hypertrophy, and
without myocardial infarction) and a low cumulative
percentage of RV pacing have a reduced risk of developing HF32,34,36,37. In the MOST study the cumulative
percentage of RV pacing over 40% in the DDD mode
doubles the relative risk of HF compared with the cumulative percentage of RV pacing below 40%. If the
substrate is at low risk, the relative risk increases from
2% to 4%, and if the substrate is at increased risk, the
relative risk increases from 20% to 40%, in this case
the absolute risk also increases in a statistically significant manner34.
The logical approach for selecting the optimal pacemaker is to choose how to prevent and avoid underlying bradycardia and to avoid the cardiac pacing
of cavities with normal electrical and conduction properties. The strategies to reduce RV pacing have two
approaches. The first approach involves manipulating
the pacing manner and period in patients with normal
AV conduction, in order to reduce the unnecessary V
pacing and to preserve normal intraventricular conduction and it consists of: prolongation of the stimulated AV interval (to allow intrinsic AV conduction), the
stimulation rhythm to be under the intrinsic rhythm in
the inactivity period (sleep), the stimulation frequency to be the hysteresis frequency, reducing medicines
that affect the AV node, programming for adjusting the
pacing rate to be reserved for symptomatic patients
due to the long AV interval or high-degree AVB. The
second approach involves V pacing in alternative places
to mitigate the adverse effects of V dyssynchrony. This
approach is necessary when the V pacing cannot be
avoided due to abnormal AV conduction25,33.
Negative hemodynamic effects of RV pacing have given rise to the search for techniques to early identify
patients that are vulnerable to develop LV dysfunction
following the RV pacing and some strategies to mitigate them.
Because echocardiographic imaging by strain can
differentiate the active shortening from the passive
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movement of the parietal myocardium, this is a very
useful technique for assessing the effects of mechanical
dyssynchrony on the LV function57.
Detailed assessment of LV function and mechanical
dyssynchrony is achieved by newer, strain echocardiographic techniques through tissue Doppler imaging
method (STDI) or speckle tracking (SST). They serve
not only for assessing the effects of V pacing on LV
mechanics, but also for selection of alternate (more
physiological) pacing sites and for selecting vulnerable
patients that benefit from this type of pacing or biventricular pacing58.
Tissue Doppler method is an important technique
in assessing V mechanics and dyssynchrony, but it has
some limitations. One of the limitations is that the
assessment of myocardial velocities and strain are angle-dependent58.
The speckle tracking technique is a more recent
echocardiographic technique that allows multidirectional, angle-independent evaluation of the LV mechanics and function. Furthermore, this technique is not
influenced by the traction effect (tethering) of neighboring myocardial segments, becoming the echocardiographic method to be chosen for assessing temporal differences in myocardial contraction. By using this
technique one can assess the mechanical dyssynchrony
of the LV (by calculating the differences between the
maximum systolic strain moments of different myocardial segments of the LV), LV strain (detects more
subtle regional changes compared with the conventional assessment of the LV function by ejection fraction),
LV torsion (difference between the rotation of apical
and basal segments of the LV, due to the helicoidal
disposition of myocardial fibers). Matsuoka et al have
shown that RV pacing causes significant decrease of
LV torsion. As a result, filling and emptying the LV are
less efficient, contributing to the systolic and diastolic
dysfunction in patients with V pacing. The global longitudinal strain (GLS) is reported as a better parameter
than EF in predicting subclinical LV dysfunction and the
prognosis57.
LV dyssynchrony induce by RV apical pacing significantly alters the active and passive LA stretching. The
results of a study investigating the effect of RV pacing
on the LA function divided patients into two groups,
depending on the cumulative pacing percentage, showing that, although there are no statistically significant
differences in terms of EF, GLS of the LV, the V dyssynchrony parameters, indexed LA index, the strain and
the systolic, protodiastolic and telediastolic strain rate
of the LA were significantly damaged after 12 months
435
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of RV apical pacing. LA function deterioration is significantly correlated with the cumulative pacing percentage55,56.
The SST role in choosing alternative stimulation sites
is based on the fact that electromechanical activation
of the LV is more physiologic by positioning the pacing
electrode near the His Purkinje system. The possible
sites for RV pacing are: RV outflow tract (RVOT), RV
septum and directly at the level of the bundle of His.
The results of several studies that followed up
comparatively, patients with LVEF >50% that were pacemaker-dependent, with pacing in the RV apex and
with alternative localization (RV septum or RVOT) RV
pacing, showed that, although there were no statistically significant differences regarding LVEF between
the two groups, the global longitudinal strain (GLS)
was significantly lower in the group of patients with
pacing in the RV apex. Moreover, there are statistically
significant differences in terms of ventricular dyssynchrony parameters and duration of the QRS complex
– significantly higher in the group of patients with
apical pacing, and the apical strain is lower. Inefficient
asynchronous contraction and low apical strain appear
to be associated with altered global LV function in patients with RV apical pacing1,41,45,47.
The PACE trial and Solis et al study show that about
50% of patients with RV apical pacing have impaired
LV function. Patients with paframeters of ventricular
dyssynchrony one month after pacing, have a 5 times
higher risk of developing LV systolic dysfunction after
12 months. These results are maintained after 2 years,
supporting the progressive nature of adverse LV remodeling29,30.The intra- and interventricular dyssynchrony
triggers a vicious circle, in which structural and histopathological lesions are self-maintained, leading to a
loss of contractile function in the early activated myocardial segments and to hypertrophy in the delayed
activated myocardial segments, to the occurrence of
mitral regurgitation, at the beginning by the absence
of temporal coordination of papillary muscles and by
regional remodeling, and later by global LV remodeling. Mitral regurgitation cause unfavorable, additional
remodeling of the LV. Biventricular pacing reduces the
functional mitral regurgitation induced by the electromechanical dyssynchrony through its dual beneficial
effect on the LV contraction and remodeling, improving the closing and tethering forces6-9,15,18,19,25,58 causing: 1) optimization of the V interval with reduction
of the contraction period, prolongation of the diastolic
filling and reduction of diastolic functional mitral regurgitation; 2) restoration of the interpapillary tem436

porary coordination by improving the synchrony of
myocardial segments adjacent to papillary muscles; 3)
reverse remodeling of the LV by restoring its normal
geometry reduces mitral regurgitation by changing the
traction forces (LV volumes decrease, it reduces the
mitral annulus area, the closure area of the cusps and
covering volumes (tenting); 4) increase of closure forces of the mitral valve by increasing the LVEF25. Thus,
mitral regurgitation is an important factor that influences the ultimate benefit of CRT.

CONCLUSIONS
At this moment, the impact of AV, interventricular and
intraventricular dyssynchrony on mitral regurgitation is
not yet quantified. Using echocardiographic techniques as screening methods for early detection after RV
pacing implantation, the occurrence of LV mechanical
dyssynchrony and functional mitral regurgitation play
an important role. Thus, asymptomatic patients with
preserved systolic function might be identified, who
could benefit from RV pacing with alternative localization (IVS or RVOT) or biventricular pacing as treatment of bradycardia from the very beginning. Further
trials are needed, which track a larger number of patients over a longer period of time to determine the
optimal pacing approach. An ongoing study that aims
to respond to this problem is ENHANCE61.
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