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ABSTRACT 

Cardiac pacing is the only eff ective treatment for patients with sick sinus syndrome and 

atrioventricular conduction disorders. In cardiac pacing, the endocardial pacing lead is typi-

cally positioned at the right ventricular (RV) apex. At the same time, there is increasing indirect 

evidence, derived from large pacing mode selection trials and observational studies, that 

conventional RV apical pacing may have detrimental eff ects on cardiac structure and left ven-

tricular (LV) function, which is associated with development of heart failure. These detrimental 

eff ects may be related to the abnormal electrical and mechanical activation pattern of the 

ventricles (or ventricular dyssynchrony) caused by RV apical pacing. Still, it remains uncertain if 

the deterioration of LV function as noted in a proportion of patients receiving RV apical pacing 

is directly related to acutely induced LV dyssynchrony. The upgrade from RV pacing to cardiac 

resynchronization therapy (CRT) may partially reverse the deleterious eff ects of RV pacing. It 

has even been suggested that selected patients with a conventional pacemaker indication 

should receive CRT to avoid the deleterious eff ects. This review will provide a contemporary 

overview of the available evidence on the detrimental eff ects of RV apical pacing. Furthermore, 

the available alternatives for patients with a standard pacemaker indication will be discussed. 

In particular, the role of CRT and alternative RV pacing sites in these patients will be reviewed. 
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INTRODUCTION

For decades, cardiac pacing has been an eff ective treatment in the management of patients 

with brady- and tachy-arrhythmias (1). New indications for pacing such as drug-refractory 

heart failure have been introduced (2). However, sick sinus syndrome and atrioventricular (AV) 

conduction disorders still remain the most important indications for cardiac pacing (3). The 

endocardial pacing lead is typically positioned at the right ventricular (RV) apex. In general RV 

apical pacing is very well tolerated and eff ective. However, it has been suggested that RV api-

cal pacing may have detrimental eff ects on cardiac structure and left ventricular (LV) function 

(4). This may be related to the abnormal electrical and mechanical activation pattern of the 

ventricles (or ventricular dyssynchrony) caused by RV apical pacing. In recent years, the asso-

ciation between RV apical pacing and mechanical dyssynchrony, and their eff ects on cardiac 

function have been studied by electrophysiologists, cardiac imaging experts and physiologists.  

Although the approach to this complex problem may diff er among them, the overlapping 

perspectives have provided important pathophysiologic information. 

In this manuscript, the potential detrimental eff ects of RV apical pacing, and the underlying 

pathophysiology will be reviewed. In particular, the role of ventricular dyssynchrony will be 

discussed. Furthermore, the therapeutic options in patients with a pacemaker indication will 

be reviewed; including the role of CRT and alternative RV pacing sites.

THE EFFECTS OF RV APICAL PACING

Cardiac pacing is the only eff ective treatment for symptomatic sinus node disease, and can 

improve symptomatic chronotropic incompetence (1). In addition, numerous studies have 

demonstrated symptomatic and functional improvement by cardiac pacing in patients with 

AV block (5). Furthermore, conventional dual-chamber pacing can improve cardiac function 

in selected patients with LV dysfunction (6). Finally, cardiac pacing is an eff ective treatment in 

controlling symptoms of chronic, drug-refractory atrial fi brillation (7). In the last decades, there 

have been signifi cant increases in the incidence of pacemaker implantations (8). 

A number of large randomized clinical trials have provided important information for 

selection of the optimal pacing mode (9-11). But more importantly, these trials have suggested 

an association between RV apical pacing and cardiac morbidity and mortality. In addition, a 

number of clinical (12,13)  and pre-clinical (14,15) studies have investigated the exact eff ects of 

RV apical pacing on cardiac function. Furthermore, it has been suggested that pacing-induced 

mechanical dyssynchrony is associated with a deterioration of LV function and clinical status in 

patients with permanent RV apical pacing (16). 
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Evidence from pacing mode trials

Several large, randomized clinical trials on pacing mode selection have suggested an association 

between a high percentage of RV apical pacing and a worse clinical outcome (17). A substudy 

of the MOde Selection Trial (MOST) demonstrated a strong association between RV pacing 

and the risk of heart failure hospitalization and atrial fi brillation in both ‘physiologic pacing’ 

(DDDR: n=707) and ventricular pacing (VVIR: n=632) (10). It was noted that >40% of ventricular 

pacing in the DDDR group was associated with an increased risk of heart failure hospitalization 

(hazard ratio 2.60; 95% CI 1.05 - 6.47; p<0.05) and that >80% of ventricular pacing in the VVIR 

group was associated with an increased risk of heart failure hospitalization (hazard ratio 2.50; 

95% CI 1.44 - 4.36; p<0.05). In the Dual Chamber and VVI Implantable Defi brillator (DAVID) trial 

patients with a standard indication for a defi brillator implantation, but without an indication for 

anti-bradycardia pacing, were randomized between ‘physiologic pacing’ (DDDR mode, lower 

rate of 70 bpm) or ventricular back-up pacing (VVIR mode, lower rate of 40 bpm) (11). After 

a median follow-up of 8.4 months, the primary outcome measure (freedom from death and 

absence of hospitalization for new or worsened heart failure) was lower in the VVIR-40 group 

than in the DDDR-70 group (relative hazard 1.61; 95% CI 1.06 – 2.44; p=0.03). Interrogation of 

the defi brillator device revealed a signifi cantly higher percentage of ventricular paced beats in 

the DDDR-70 group at 3 months follow-up. Importantly, a trend towards a worse survival at 12 

months was noted in patients with a high percentage of pacing at 3 months follow-up (11). It 

should be noted however that not only RV apical pacing itself may have resulted in this worse 

outcome, but also the higher mean heart rate, and the changes in AV coupling in the DDDR 

group may have detrimental eff ects. 

These trials suggest that there is no clinical benefi t of ‘physiologic’ DDDR pacing over VVIR. 

This may be explained by the higher percentage of ventricular pacing in the DDDR groups, 

as a result of the short programmed AV interval. Thus, the benefi cial eff ect of maintaining AV 

synchrony by ‘physiologic’ DDDR pacing may be reduced by the deleterious eff ects of RV apical 

pacing itself. 

Unfortunately, the exact amount of RV apical pacing that negatively aff ects cardiac function 

remains unclear from these trials. A certain amount of ventricular pacing may actually be ben-

efi cial since it maintains physiologic AV conduction (6). At the same time, the negative eff ects 

of RV apical pacing may be more pronounced in certain patient populations. In particular, 

patients with underlying conduction disease (18) and patients with ischemic heart disease (19) 

may be at risk. Furthermore, it has been suggested that in patients who require pacing for a 

longer period of time, and patients with depressed LV function at baseline are more susceptible 

for the deleterious eff ects of RV apical pacing (4). More studies are therefore needed to fully 

understand the benefi cial and deleterious eff ects of RV apical pacing, and to better identify the 

patients who are at risk for the detrimental eff ects of RV pacing. The available studies in which 

the underlying pathophysiology is studied will be reviewed in the following paragraphs. 
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Pathophysiology of detrimental eff ects

In general, the negative eff ects of RV apical pacing have been attributed to the abnormal 

electrical and mechanical activation pattern of the ventricles (14). During RV apical pacing, 

the conduction of the electrical wave front propagates through the myocardium, rather than 

through the His-Purkinje conduction system. As a result, the electrical wave front propagates 

more slowly and induces heterogeneity in electrical activation of the myocardium, comparable 

to left bundle branch block. This is characterized by a single breakthrough at the interventricu-

lar septum, and the latest activation at the inferoposterior base of the LV (20-22). 

Similar to the changes in electrical activation of the ventricles, the mechanical activa-

tion pattern of the LV is changed during RV apical pacing. Importantly, not only the onset of 

mechanical contraction is changed, but also the pattern of mechanical contraction (14). In sev-

eral animal studies, it has been demonstrated that the early-activated regions near the pacing 

site exhibit rapid early systolic shortening, resulting in pre-stretch of the late activated regions 

(15,23). As a result, these regions exhibit an increase in (delayed) systolic shortening, imposing 

systolic stretch to the early activated regions exhibiting pre-mature relaxation. This abnormal 

contraction pattern of the various regions of the LV may result in a redistribution of myocardial 

strain and work and subsequent less eff ective contraction (15). 

Both the abnormal electrical and mechanical activation pattern of the ventricles can result 

in changes in cardiac metabolism and perfusion, remodeling, hemodynamics and mechanical 

function. An overview of the potential harmful eff ects of RV apical pacing on cardiac function is 

provided in Table 1. The eff ects on cardiac metabolism and perfusion have been demonstrated 

in both clinical and pre-clinical studies (24). Even in the absence of coronary artery disease, 

myocardial perfusion defects may be present in up to 65% of the patients after long-term RV 

apical pacing, and are mainly located near the pacing site (12,25). 

Table 1. Acute and long-term eff ects of RV apical pacing

Changes in electrical activation and mechanical activation

Metabolism / perfusion

   Changes in regional perfusion

   Changes in oxygen demand

Remodeling

   Asymmetric hypertrophy

   Histopathological changes

   Ventricular dilation

   Functional mitral regurgitation

Hemodynamics

   Decreased cardiac output

   Increased LV fi lling pressures

Mechanical function

   Changes in myocardial strain

   Interventricular mechanical dyssynchrony

   Intraventricular mechanical dyssynchrony
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Long-term RV pacing may also result in structural changes, and LV remodeling. Endomyo-

cardial biopsies in 14 patients with congenital complete AV block revealed cellular and intracel-

lular alterations, including mitochondrial variations and degenerative fi brosis, after long-term 

permanent RV pacing (26). In addition, changes in LV wall thickness (27), and LV remodeling 

(28) may occur after long-term RV pacing. In addition, functional mitral regurgitation and left 

atrial remodeling may occur during RV apical pacing (29,30). 

Moreover, hemodynamic properties and global mechanical function may be aff ected by 

the abnormal electrical and mechanical activation of the LV. Pacing at the RV apex may result 

in a decrease in cardiac output and may alter LV fi lling properties (13). Changes in myocardial 

strain and timing of regional strain may occur during RV apical pacing. Using magnetic reso-

nance imaging in an animal model of cardiac pacing, Prinzen et al. noted a signifi cant decrease 

in strain in the regions close to the pacing site, whereas an increase in myocardial strain was 

noted in remote regions (15). Importantly, timing of peak regional strain is also changed during 

pacing. This is often referred to as ‘mechanical dyssynchrony’ (31). 

Mechanical dyssynchrony during RV apical pacing

Right ventricular apical pacing can induce both interventricular dyssynchrony (between the RV 

and the LV), as well as intraventricular dyssynchrony (within the LV) (16). It has been demon-

strated that the presence of ventricular dyssynchrony is associated with an increased risk of car-

diac morbidity (32) and mortality (33) in heart failure patients. In addition, it has been suggested 

that the presence of mechanical dyssynchrony after long-term RV apical pacing is associated 

with reduced LV systolic function and deterioration in functional capacity (16). However, there 

are only a few studies that have demonstrated a direct relation between (pacing-induced) ven-

tricular dyssynchrony and clinical heart failure. At the same time, it has been shown that restora-

tion of normal conduction and ‘cardiac synchrony’ by cardiac resynchronization therapy (CRT) 

results in normalization of LV systolic function (34,35). This suggests that an abnormal activation 

pattern (left bundle branch block during RV apical pacing) or ventricular dyssynchrony may 

be directly related to a deterioration of LV function. Therefore, the assessment of ventricular 

dyssynchrony may provide important information in patients with permanent RV apical pacing. 

Several echocardiographic techniques are available for the assessment of cardiac mechani-

cal dyssynchrony. These include conventional Doppler techniques, tissue Doppler imaging, 

strain analysis and novel three-dimensional echocardiography. The majority of the techniques 

have been used to quantify inter- and intraventricular dyssynchrony in heart failure patients 

referred for CRT (36). Likewise, these techniques can be used to detect the presence of ventricu-

lar mechanical dyssynchrony during acute and long-term RV apical pacing. 

For the quantifi cation of interventricular dyssynchrony, conventional Doppler techniques 

are typically used (Figure 1). For both ventricles, the electromechanical delay is calculated as 

the time from onset of the QRS complex to the onset of pulmonary systolic fl ow (RV electro-

mechanical delay) or aortic systolic fl ow (LV electromechanical delay). The time diff erence 
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between the RV and LV electromechanical delay represents interventricular dyssynchrony 

(37). From previous studies, it has become clear that RV apical pacing can induce signifi cant 

interventricular dyssynchrony (16,38). 

For the assessment of intraventricular (or LV) dyssynchrony, several echocardiographic 

techniques are available, including tissue Doppler imaging, two-dimensional speckle-tracking 

strain analysis, and real-time three-dimensional echocardiography (39). In general, LV dys-

synchrony is represented by the delay in mechanical activation between the interventricular 

septum and the posterior or lateral wall (Figure 2). Already in 1977, Gomes et al. demonstrated 

the eff ect of RV apical pacing on the mechanical delay between the septum and the posterior 

wall (40). During the acute onset of cardiac pacing in 12 patients, it was noted that there was 

an early rapid pre-ejection posterior motion of the interventricular septum. In addition, the 

posterior wall of the LV exhibited a delayed contraction, resulting in a signifi cant delay between 

Figure 1. Schematic representation of interventricular dyssynchrony during RV apical pacing. For assessment of interventricular 

dyssynchrony, the ECG and systolic fl ow through the pulmonary artery and aorta (assessed with Doppler echocardiography) are typically used. 

Both the RV and LV electromechanical delay are measured from the onset of QRS (dashed black line). The RV electromechanical delay is the time 

from the onset of QRS to the onset of pulmonary systolic fl ow (blue arrow). The LV electromechanical delay is the time from the onset of QRS to 

the onset of aortic systolic fl ow (red arrow). Subsequently, the interventricular dyssynchrony can be calculated as the diff erence between the RV 

and the LV electromechanical delays (black arrow).
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the activation of the septum (61 ± 5 ms) and the posterior wall (116 ± 18 ms) (40). More recently, 

these fi ndings have been confi rmed with dedicated echocardiographic techniques (41-44). 

From these studies, it has become apparent that RV apical pacing can induce signifi cant intra-

ventricular mechanical dyssynchrony, which has been related to reduced LV function. 

CLINICAL IMPLICATIONS

From the large pacing-mode selection trials and observational studies, it has become apparent 

that conventional RV apical pacing is associated with an increased risk of adverse events (e.g. 

development of LV dilatation and heart failure). However, in daily clinical practice not all patients 

who receive RV apical pacing will experience these adverse events (19). In a retrospective study 

including 286 patients with permanent pacing after AV junction ablation, it was noted that LV 

Figure 2. Schematic representation of intraventricular dyssynchrony during RV apical pacing. Intraventricular dyssynchrony is represented 

by the delay in mechanical activation between diff erent segments within the LV. In this example, longitudinal strain curves of the septum and 

the posterior or lateral wall are demonstrated. The time from onset of QRS to peak systolic strain for the septum (green arrow) and the posterior 

or lateral wall (red arrow) is indicated. The diff erence in time-to-peak strain for the various segments is the delay in mechanical activation, or LV 

intraventricular dyssynchrony (indicated by the black arrow).
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ejection fraction (LVEF) decreased signifi cantly in only 9% of the patients during follow-up (45). 

In another retrospective study of 304 patients with pacemaker implantation for high degree AV 

block, the clinical outcome after at least one year of RV apical pacing was studied (46). A total of 

79 patients (26%) developed new-onset heart failure after a mean of 6.5 ± 5.7 years of pacing. It 

appears that some patients are more susceptible to the detrimental eff ects of RV apical pacing 

than others, possibly related to mechanical ventricular dyssynchrony. 

Ventricular dyssynchrony may be present in up to 50% of the patients after long-term RV 

apical pacing (38,41,47). Importantly, it has been demonstrated that the presence of mechani-

cal dyssynchrony after long-term RV apical pacing is associated with LV dilatation, and a dete-

rioration of LV systolic function and functional capacity (16). However, it remains unclear if LV 

dyssynchrony is an acute phenomenon, which may then induce deterioration of LV function at 

longer follow-up and subsequent development of heart failure. 

A recent study in patients with structurally normal hearts, undergoing electrophysiologic 

testing revealed that signifi cant LV dyssynchrony may be induced acutely in up to 36% of indi-

viduals (Figure 3) (48). A concomitant impairment in LV systolic function was observed, refl ected 

by a reduction in LVEF (from 56 ± 8% to 48 ± 9%, p=0.001) and LV longitudinal strain (from -18.3 

± 3.5% to -11.8 ± 3.6%, p<0.001) (48). In 153 patients undergoing pacemaker implantation for 

standard indications, Pastore et al. assessed LV dyssynchrony using tissue Doppler echocar-

diography at baseline and after at least 24 hours (mean 1.7 ± 0.3 days) of continuous RV apical 

pacing (49). A total of 101 patients (66%) exhibited signifi cant LV dyssynchrony. Interestingly, 

the amount of pacing-induced LV dyssynchrony was related to the presence of LV dysfunction 

at baseline (Figure 4). It has been demonstrated previously that the conduction abnormali-

ties induced by RV apical pacing may be enhanced by accompanying conduction disease at 

Figure 3. Right ventricular apical pacing acutely induces LV dyssynchrony. Echocardiographic analysis of LV dyssynchrony during intrinsic 

rhythm (panel A) and immediately after onset of RV apical pacing (panel B). Speckle-tracking strain analysis enables the evaluation of the 

timing of systolic strain. The color-coded curves represent the time-strain curves of 6 mid-ventricular segments of the LV. During intrinsic 

rhythm (panel A), a synchronous contraction of all LV segments is present. In contrast, during RV apical pacing, signifi cant LV dyssynchrony 

is present: there is a signifi cant delay (130 ms) between the time-to-peak strain of the antero-septum (yellow arrow) and the posterolateral 

segment (purple arrow).
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baseline (18). Unfortunately, the abovementioned studies only assessed LV dyssynchrony and 

LV function in the acute phase. Although it has been demonstrated that the negative eff ects of 

the abnormal LV activation sequence may sustain even after termination of RV apical pacing 

(50), it still remains unclear whether the acutely induced LV dyssynchrony is the basis for the 

development of LV dysfunction and heart failure after long-term RV apical pacing. In addition, 

it is still unclear why some patients acutely develop ventricular dyssynchrony, and others do 

not. This may be due to subtle diff erences in the location of the pacing lead within the RV 

apex, and thus the proximity of the Purkinje system. At the same time, some echocardiographic 

techniques used to assess ventricular dyssynchrony may not be sensitive enough to detect 

small changes in electromechanical activation (51). Therefore, more studies are needed on 

acutely induced ventricular dyssynchrony, and its long-term eff ects. 

When future studies show that the acutely induced LV dyssynchrony is associated with 

deterioration of LV function during follow-up, ventricular dyssynchrony assessment during 

pacemaker implantation may have important clinical implications. If LV dyssynchrony is present 

immediately after onset of RV apical pacing, a CRT device may be preferred over conventional 

RV apical pacing. In contrast, if no LV dyssynchrony is present, conventional RV apical pacing 

alone may be accepted. Monitoring of LV dyssynchrony and LV function is then warranted. 

At the same time, with the increasing evidence of the detrimental eff ects of RV apical 

pacing, it has been suggested that the percentage of ventricular pacing should be kept to a 

Figure 4. Left ventricular dyssynchrony during RV pacing according to baseline LVEF. In 153 patients undergoing pacemaker implantation, 

LV dyssynchrony was assessed during RV apical pacing. Patients were classifi ed according to baseline LVEF: normal (LVEF >55%), moderately 

depressed (LVEF 35-55%), or severely depressed (LVEF <35%). The extent of LV dyssynchrony was strongly related with baseline LVEF. In 

patients with normal LVEF, 45% of the patients developed LV dyssynchrony (40 out of 89), whereas 39 of the 42 patients (93%) with moderately 

depressed LVEF developed LV dyssynchrony. In patients with severely depressed LVEF (n=22), all patients exhibited LV dyssynchrony during RV 

apical pacing (49). LV = left ventricular; LVEF = left ventricular ejection fraction; RV = right ventricular
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minimum (4). However, in a large proportion of patients, RV pacing is inevitable (1). For these 

patients, a number of alternative strategies to minimize the induction of mechanical dyssyn-

chrony and other deleterious eff ects have been proposed. These therapeutic options, including 

the upgrade from RV pacing to CRT, ‘de novo’ CRT, and alternative pacing sites, will be discussed 

in the following paragraphs. 

THERAPEUTIC OPTIONS IN PATIENTS WITH RV APICAL PACING 

The detrimental eff ects of RV apical pacing related to cardiac metabolism, remodeling, hemo-

dynamics and mechanical function may be prevented or partially reversed by CRT or alterna-

tive RV pacing sites. In the subset of patients who experience detrimental eff ects of RV apical 

pacing, CRT may restore the synchronous contraction of the LV and subsequently improve LV 

function. Alternatively, a number of strategies, including alternative RV pacing sites, have been 

suggested to avoid the deleterious eff ects of RV apical pacing. All these therapeutic options will 

be discussed in the following paragraphs.

Upgrade of RV apical pacing to CRT

Several studies have demonstrated benefi cial eff ects of the upgrade from RV apical pacing to CRT 

(Table 2). Reverse remodeling of the LV (defi ned as a reduction in LV end-diastolic or end-systolic 

volume) after upgrade from RV apical to CRT has been demonstrated in several studies (47,52,53). 

In addition, the severity of mitral regurgitation may improve after upgrade to CRT (54-57). 

Furthermore, LV hemodynamics and mechanical function may improve after upgrade to 

CRT. In an invasive hemodynamic study in 18 patients with congenital complete AV block who 

had received RV apical pacing for a mean of 81 ± 10 months, CRT resulted in a signifi cant increase 

in LV dP/dtmax (58). In parallel, a signifi cant decrease in LV end-diastolic pressure and isovolumic 

pressure half-time was observed (58). Improvements in global LVEF have been demonstrated in 

various studies, including four prospective studies with more than 110 patients with previous 

AV junction ablation and pacemaker implantation (52,54,59,60) (Table 2). 

Finally, it has been demonstrated that the upgrade from RV apical pacing to CRT may 

result in a signifi cant improvement in exercise capacity and NYHA functional class (57) (Figure 

5). Unfortunately, at present it remains uncertain if the upgrade to CRT in previously paced 

patients results in an improved prognosis. 

Eff ect on ventricular dyssynchrony In parallel with the improvements in LV function, LV dys-

synchrony may improve after upgrade from RV apical to CRT. An acute reduction in the LV 

pre-ejection interval after onset of CRT in previously paced patients has been demonstrated in 

several studies (61,62). Importantly, this eff ect is maintained during mid- and long-term follow-

up (47,53,55). In 32 patients receiving upgrade to CRT after a minimum of one year RV apical 
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pacing, tissue Doppler imaging was used to assess LV dyssynchrony. After a mean of 144 ± 17 

days, a signifi cant decrease in the mean septal-to-lateral delay was noted from 101 ± 12 ms to 

10 ± 9 ms (p<0.001) (53). Likewise, with the use of novel speckle-tracking echocardiography it 

has been demonstrated that the diff erence in time-to-peak strain of various LV segments (as a 

measure of LV dyssynchrony) decreases signifi cantly after upgrade to CRT (47). 

RV apical pacing versus CRT

With the promising results of upgrading patients from RV apical pacing to CRT, it has been 

suggested that patients with moderate to severe LV dysfunction and a standard pacemaker 

indication may actually benefi t from CRT instead of RV apical pacing alone. A number of obser-

vational studies and randomized trials have performed a head-to-head comparison between 

the two pacing modes. 

The eff ects of the two pacing modes on LV remodeling have been studied in the Homburg 

Biventricular Pacing Evaluation (HOBIPACE) trial (63). In this trial, 30 patients with standard 

indications for permanent pacing and a LVEF ≤40%, were randomized between RV pacing and 

CRT. After 3 months of pacing, cross-over to the other pacing modality was performed. The LV 

end-systolic volume was 177.3 ± 68.7 ml at baseline, and decreased modestly with RV pacing 

(160.2 ± 73.4 ml, p<0.05). When compared with RV pacing, CRT signifi cantly reduced LV end-

systolic volume by 17% (133.1 ± 66.5 ml, p<0.001) (63). 

In addition to LV remodeling, improvements in LV hemodynamics (64,65) and LV mechani-

cal function (66) during CRT have been demonstrated. In the Post AV Nodal Ablation Evaluation 

(PAVE) trial, 184 patients were randomized after AV junction ablation in two parallel arms 

(conventional RV pacing or CRT) (66). Mean LVEF at follow-up was signifi cantly lower in the 

81 patients who underwent RV pacing as compared with the 103 patients with CRT (41 ± 13% 

vs. 46 ± 13%, p<0.05) (66). However, it should be noted that other trials, including the Optimal 

Pacing SITE (OPSITE) trial (67), demonstrated only modest improvement in LVEF during CRT 

compared to RV pacing. 

Figure 5. Changes in NYHA functional class and 6 minute walking-test after upgrade from RV pacing to CRT. In 44 patients with conventional 

pacemaker indications, an upgrade to CRT was performed after a mean of 49 ± 34 months of RV apical pacing. After 6 months of CRT, NYHA 

class improved from 2.5 ± 0.7 to 2.1 ± 0.4 (left panel), and the distance walked during the 6 minute walking-test increased from 324 ± 20 m to 

386 ± 99 m (right panel) (57). CRT = cardiac resynchronization therapy; NYHA = New York Heart Association; RV = right ventricular pacing.
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A number of randomized trials have compared conventional RV apical pacing and CRT 

(Table 3). Although some trials have demonstrated clear long-term benefi t of CRT over RV pac-

ing with regard to peak VO2 or the distance walked during the 6 minute walking-test (63,66), 

others have demonstrated only modest (67,68) or no benefi t at all (69). The ongoing Biventricu-

lar Pacing for Atrioventricular Block to Prevent Cardiac Desynchronization (BioPace) trial will 

demonstrate if CRT actually provides benefi t in morbidity and mortality over conventional RV 

apical pacing (70). 

Table 3. Randomized clinical trials comparing RV apical pacing versus CRT

Trial 

(reference)

Number of 

patients

Design Inclusion criteria Primary 

end-point

Secondary 

end-point

Comment

MUSTIC (68) 43 Cross-
over

Chronic heart 
failure
LV systolic 
dysfunction
Persistent AF
Ventricular pacing
QRS >200 ms
6MWT <450 m

6MWT Peak VO2
QOL
Heart failure 
hospitalization
Mortality
Patient pacing 
preference 

CRT modestly 
superior over RV 
pacing for 6MWT 
and peak VO2
No diff erence in 
QOL

OPSITE (67) 56 Cross-
over

AVN ablation and 
PM implantation
CRT 

QOL
6MWT

Subgroup 
analysis of:
QOL
6MWT

CRT modestly 
superior over RV 
pacing for QOL 
and 6MWT

PAVE (66) 184 Parallel 
arms

AVN ablation and 
PM implantation

6MWT QOL
LVEF

CRT superior over 
RV pacing for 
6MWT and LVEF
No diff erences 
in QOL

HOBIPACE 
(63) 

30 Cross-
over

LV systolic 
dysfunction 
Permanent 
ventricular pacing

LVESV
LVEF
peak VO2

NYHA class
QOL
NT-proBNP
Exercise 
capacity
LV 
dyssynchrony

CRT superior over 
RV pacing for 
LVESV, LVEF, peak 
VO2
CRT superior over 
RV pacing for 
secondary end-
points

Albertsen et 
al. (69) 

50 Parallel 
arms

High-grade AV 
block

LVEF LV 
dyssynchrony
LV diastolic 
function
LA volumes
LV dimensions
NT-proBNP
6MWT

No diff erence in 
LVEF
No diff erences in 
secondary end-
points

AF = atrial fi brillation; AV = atrioventricular; AVN = atrioventricular node; CRT = cardiac resynchronization therapy; LA = left atrial; LV = left 

ventricular; LVEF = left ventricular ejection fraction; LVESV = left ventricular end-systolic volume; NYHA = New York Heart Association; PM = 

pacemaker; QOL = quality of life; RV = right ventricular; 6MWT = 6 minute walking-test.
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Eff ect on ventricular dyssynchrony For mechanical dyssynchrony, only a few studies have 

systematically compared RV apical pacing and CRT. In 6 heart failure patients referred for CRT, 

Matsushita et al. assessed dyssynchrony during RV apical pacing and during CRT (71). During 

CRT, a decrease in both LV intraventricular dyssynchrony (RV pacing 322 ± 101 ms vs. CRT 209 

± 88 ms, p<0.05) and interventricular dyssynchrony (RV pacing 37.2 ± 44.7 ms vs. CRT 16.2 ± 

47.4 ms, p<0.05) was noted (71). In a randomized study comparing DDDR pacing and CRT in 50 

patients with high degree AV block, Albertsen et al. assessed ventricular dyssynchrony using 

tissue Doppler imaging (69). After 12 months follow-up, the number of LV segments displaying 

delayed longitudinal contraction (representing LV dyssynchrony) was signifi cantly lower in the 

patients with CRT, as compared with the patients with DDDR pacing (69). These studies suggest 

that CRT may be superior over RV apical pacing with regard to the induction of LV dyssynchrony. 

Together with the promising results on LV remodeling and LV function, it may well be that CRT 

is a good therapeutic option in patients with moderate to severe LV dysfunction and a conven-

tional indication for cardiac pacing. However, it should be noted that although CRT reduces the 

amount of ventricular dyssynchrony, normal electromechanical activation is not completely 

restored (72,73). In addition, it remains uncertain if there is a signifi cant improvement in long-

term outcome with CRT, as compared with conventional RV apical pacing. Therefore, more 

studies are needed to fully appreciate the role of CRT in these patients (1). 

Pacing strategies and alternative pacing sites

Alternatives for RV apical pacing may be important in patients who have a depressed LV func-

tion at baseline or patients who are expected to be paced frequently (complete AV block) or 

for a longer period of time (young patients, congenital AV block). Various pacing strategies 

have been suggested to minimize the amount of RV apical pacing. In addition, strategies to 

minimize de-synchronization of ventricular contraction using alternative pacing sites have 

been proposed. 

Atrial-based pacing Atrial-based pacing may be preferred over RV apical pacing in selected 

patient groups, since it prevents cardiac de-synchronization by maintaining normal ventricular 

electrical activation. Nielsen et al. randomized 177 patients with sinus node disease between 

AAIR pacing or DDDR pacing with a short AV delay or DDDR pacing with a fi xed long AV delay 

(74). During a mean follow-up of 2.9 ± 1.1 years, left atrial and LV diameters increased and LV 

fractional shortening decreased in the DDDR groups, whereas no changes occurred in the 

AAIR group. In addition, atrial fi brillation was less common in the AAIR group as compared to 

the two DDDR groups (7.4% vs. 23.3% and 17.5%, respectively; p=0.03)(74). However, other 

large randomized trials have not been able to consistently demonstrate an improved outcome 

of atrial-based pacing. In a recent meta-analysis from 5 randomized clinical trials comparing 

atrial-based and ventricular pacing, no signifi cant reduction in mortality with atrial-based pac-

ing could be demonstrated (hazard ration 0.95; 95% CI 0.87 – 1.03; p=0.19). In addition, no 
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diff erences were found in the composite end-point of stroke, cardiovascular death, and heart 

failure hospitalization between the diff erent pacing modes (Figure 6). However, a signifi cant 

reduction in atrial fi brillation was noted with atrial-based pacing (hazard ratio 0.80; 95% CI 

0.72 – 0.89; p<0.001) (75). 

Atrial-based pacing to prevent cardiac de-synchronization may only be feasible in selected 

patients. There is still concern about atrial-based pacing in patients with sinus node disease, 

because of the development of AV block in these patients (76). In the abovementioned trial, 

the incidence of progression to symptomatic AV block was 1.9% per year (74). Therefore, atrial-

based pacing for the maintenance of ventricular synchrony is only recommended in patients 

with sinus node disease without AV conduction abnormalities (1). 

Minimal ventricular pacing algorithms In addition, specifi c pacing algorithms have been 

introduced to minimize unnecessary RV pacing. These algorithms promote normal AV conduc-

tion and target maintenance of intrinsic ventricular conduction (77,78). Thereby, the algorithms 

avoid the induction of LV dyssynchrony. In the Inhibition of unnecessary RV pacing with AVSH in 

ICDs Study (INTRINSIC RV), the eff ects of the use of an AV search hysteresis algorithm was stud-

ied (77). A total of 988 patients with an indication for an Implantable Cardioverter Defi brillator 

were randomized between VVI-40 back-up pacing or DDDR pacing with the AV search hysteresis 

Figure 6. Meta-analysis on atrial-based pacing versus ventricular pacing. A meta-analysis of 5 randomized clinical trials including more 

than 7000 patients compared atrial-based pacing with ventricular based pacing. This fi gure demonstrates the eff ect of the pacing modes on the 

diff erent outcome parameters (mortality, stroke or cardiovascular death, stroke, heart failure hospitalization, atrial fi brillation), expressed as the 

hazard ratio and 95% confi dence interval (CI). A signifi cant reduction in the incidence of stroke and atrial fi brillation was observed, in favor of 

atrial-based pacing. The remaining outcome parameters did not show a signifi cant diff erence between the two pacing modes (75).
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algorithm. In the DDDR group, 32 patients (6.4%) met the composite primary end-point of all-

cause mortality and heart failure hospitalization, as compared with 46 patients (9.5%) in the 

VVI group (p<0.001). It was concluded that the use of the AV search hysteresis algorithm was 

associated with similar clinical outcomes compared with VVIR backup pacing (77). 

Similar, in the Search AV Extension and Managed Ventricular Pacing for Promoting Atrio-

ventricular Conduction (SAVE PACe) trial, 1065 patients with sinus node disease and intact AV 

conduction were randomized between conventional dual-chamber pacing and dual-chamber 

minimal ventricular pacing (78). With the use of the minimal RV pacing algorithm, the percent-

age of paced ventricular beats was signifi cantly reduced, as compared with conventional 

dual-chamber ventricular pacing (9.1 vs. 99.0%, p<0.001). After a mean of 1.7 ± 1.0 years, the 

development of persistent atrial fi brillation was signifi cantly reduced with minimal ventricular 

pacing (7.9% in minimal RV pacing vs. 12.7% in conventional dual-chamber pacing, p=0.004). 

Although these results suggest that this reduction is directly related to the decrease in RV apical 

pacing, a better AV coupling may have contributed as well. Unfortunately, no signifi cant diff er-

ence in mortality or heart failure hospitalizations between the two groups was observed (78). 

These studies suggest a favorable eff ect of minimizing ventricular pacing algorithms. However, 

more studies are needed to fully appreciate the exact clinical benefi ts in daily practice (1). 

Alternative RV pacing sites Pacing at the RV outfl ow tract, septal pacing and direct His bundle 

pacing have been suggested as alternatives to the RV apex when pacing is inevitable (79). 

Because of the closer proximity to the normal conduction system, these sites may result in 

less electrical activation delay (represented by a shorter QRS duration) and less mechanical 

dyssynchrony. 

From all alternative RV pacing sites, the RV outfl ow tract has been studied the most 

extensively. A meta-analysis of 9 studies with 217 patients comparing RV outfl ow tract and RV 

apical pacing demonstrated a favorable eff ect of RV outfl ow tract pacing on hemodynamics 

(80). Unfortunately, the majority of the studies involved short-term follow-up studies. A recent 

retrospective study demonstrated a better survival in patients with RV outfl ow tract pacing as 

compared with RV apical pacing (81). The favorable eff ect of RV outfl ow tract pacing may be 

related to the more physiologic activation pattern, resulting in less LV dyssynchrony. However, a 

small study with 14 patients could not demonstrate a benefi t of RV outfl ow tract pacing over RV 

apical pacing with regard to LV dyssynchrony (82). More studies with dyssynchrony analysis and 

long-term follow-up comparing RV outfl ow pacing and RV apical pacing are therefore needed. 

Septal pacing may be another good alternative for RV apical pacing. Short-term studies 

have suggested good results compared with RV apical pacing (83), with good pacing thresholds 

and lead stability (84). In addition, less ventricular dyssynchrony may be present during septal 

pacing as compared with RV apical pacing (85). However, at long-term follow-up, septal pacing 

may not be superior over RV apical pacing. In a randomized study including 98 patients with AV 
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block (53 septal pacing vs. 45 apical pacing), no diff erences in LVEF and exercise capacity were 

found after 18 months follow-up (86). 

Direct His bundle pacing or para-Hisian pacing has also been suggested as an alternative 

for RV apical pacing. In one of the fi rst clinical studies with permanent direct His bundle pacing, 

Deshmukh et al. demonstrated the feasibility of this strategy (87). Implantation was successful 

in 12 of 14 patients (86%), with maintenance of His bundle capture at long-term follow-up in 

11 patients (92%). After a mean of 23.4 ± 8.3 months, LV end-diastolic diameter had decreased 

from 51 ± 10 mm to 43 ± 8 mm (p<0.01) and LVEF had increased from 18.2 ± 9.8% to 28.6 ± 

11.2% (p<0.05) (87). Importantly, it has been demonstrated that His bundle pacing may result 

in less inter- and intraventricular dyssynchrony (88,89). In a randomized study comparing RV 

apical pacing and para-Hisian pacing in 16 patients, Occhetta et al. noted a signifi cant reduc-

tion in interventricular dyssynchrony during para-Hisian pacing as compared with RV apical 

pacing (34 ± 18 ms vs. 47 ± 19 ms, p<0.05) (89). 

Although the various studies have demonstrated benefi cial eff ects of the alternative pac-

ing sites, at present septal and direct His bundle pacing are still not recommended in patients 

requiring permanent cardiac pacing because of diffi  culties with lead positioning, and concerns 

about lead stability and threshold (1). In addition, it should be remembered that any electrical 

stimulation outside the normal conduction system may ultimately result in electromechani-

cal changes with deleterious eff ects on LV function. Furthermore, the majority of the studies 

on alternative pacing sites were non-randomized studies with small study populations and 

short-term follow-up. Nonetheless, there is increasing evidence that these alternative sites may 

provide benefi t over conventional RV apical pacing. 

CONCLUSIONS

From large pacing mode selection trials and observational studies, it has become apparent that 

a high amount of RV apical pacing may be associated with a worse clinical outcome (deteriora-

tion of LV systolic function, development of heart failure and atrial fi brillation). Unfortunately, 

it remains unclear if there is an ‘optimal amount’ of RV pacing, and which patients at most 

susceptible for the deleterious eff ects of RV pacing. The negative eff ects may be related to 

the induction of ventricular dyssynchrony by RV apical pacing. Future studies are needed to 

address these remaining questions. 

Various therapeutic options have been suggested in patients with a conventional pace-

maker indication. The upgrade to CRT may partially reverse the deleterious eff ects of RV apical 

pacing. New pacing strategies and alternative RV pacing sites may prevent the induction of 

ventricular dyssynchrony and the deterioration of LV function.



Chapter 11
RV apical pacing and dyssynchrony 

189

REFERENCES

 1. Epstein AE, DiMarco JP, Ellenbogen KA et al. ACC/AHA/HRS 2008 Guidelines for Device-Based Therapy 
of Cardiac Rhythm Abnormalities. J Am Coll Cardiol 2008;51:e1-62.

 2. Vardas PE, Auricchio A, Blanc JJ et al. Guidelines for cardiac pacing and cardiac resynchronization 
therapy. Eur Heart J 2007;28:2256-95.

 3. Mond HG, Irwin M, Morillo C, Ector H. The world survey of cardiac pacing and cardioverter defi brilla-
tors: calendar year 2001. Pacing Clin Electrophysiol 2004;27:955-64.

 4. Sweeney MO, Prinzen FW. A new paradigm for physiologic ventricular pacing. J Am Coll Cardiol 
2006;47:282-8.

 5. Barold SS. Indications for permanent cardiac pacing in fi rst-degree AV block: class I, II, or III? Pacing 
Clin Electrophysiol 1996;19:747-51.

 6. Brecker SJ, Xiao HB, Sparrow J, Gibson DG. Eff ects of dual-chamber pacing with short atrioventricular 
delay in dilated cardiomyopathy. Lancet 1992;340:1308-12.

 7. Brignole M, Gianfranchi L, Menozzi C et al. Assessment of atrioventricular junction ablation and DDDR 
mode-switching pacemaker versus pharmacological treatment in patients with severely symptom-
atic paroxysmal atrial fi brillation: a randomized controlled study. Circulation 1997;96:2617-24.

 8. Uslan DZ, Tleyjeh IM, Baddour LM et al. Temporal trends in permanent pacemaker implantation: a 
population-based study. Am Heart J 2008;155:896-903.

 9. Hayes DL, Furman S. Cardiac pacing: how it started, where we are, where we are going. J Cardiovasc 
Electrophysiol 2004;15:619-27.

 10. Sweeney MO, Hellkamp AS, Ellenbogen KA et al. Adverse eff ect of ventricular pacing on heart failure 
and atrial fi brillation among patients with normal baseline QRS duration in a clinical trial of pace-
maker therapy for sinus node dysfunction. Circulation 2003;107:2932-7.

 11. Wilkoff  BL, Cook JR, Epstein AE et al. Dual-chamber pacing or ventricular backup pacing in patients 
with an implantable defi brillator: the Dual Chamber and VVI Implantable Defi brillator (DAVID) Trial. 
JAMA 2002;288:3115-23.

 12. Tse HF, Lau CP. Long-term eff ect of right ventricular pacing on myocardial perfusion and function. J 
Am Coll Cardiol 1997;29:744-9.

 13. Lieberman R, Padeletti L, Schreuder J et al. Ventricular pacing lead location alters systemic hemody-
namics and left ventricular function in patients with and without reduced ejection fraction. J Am Coll 
Cardiol 2006;48:1634-41.

 14. Prinzen FW, Peschar M. Relation between the pacing induced sequence of activation and left ven-
tricular pump function in animals. Pacing Clin Electrophysiol 2002;25:484-98.

 15. Prinzen FW, Hunter WC, Wyman BT, McVeigh ER. Mapping of regional myocardial strain and work 
during ventricular pacing: experimental study using magnetic resonance imaging tagging. J Am Coll 
Cardiol 1999;33:1735-42.

 16. Tops LF, Schalij MJ, Holman ER, van Erven L, van der Wall EE, Bax JJ. Right ventricular pacing can 
induce ventricular dyssynchrony in patients with atrial fi brillation after atrioventricular node ablation. 
J Am Coll Cardiol 2006;48:1642-8.

 17. Gillis AM. Redefi ning physiologic pacing: lessons learned from recent clinical trials. Heart Rhythm 
2006;3:1367-72.

 18. Varma N. Left ventricular conduction delays induced by right ventricular apical pacing: eff ect of left 
ventricular dysfunction and bundle branch block. J Cardiovasc Electrophysiol 2008;19:114-22.

 19. Sweeney MO, Hellkamp AS. Heart failure during cardiac pacing. Circulation 2006;113:2082-8.
 20. Vassallo JA, Cassidy DM, Miller JM, Buxton AE, Marchlinski FE, Josephson ME. Left ventricular endo-

cardial activation during right ventricular pacing: eff ect of underlying heart disease. J Am Coll Cardiol 
1986;7:1228-33.

 21. Rodriguez LM, Timmermans C, Nabar A, Beatty G, Wellens HJ. Variable patterns of septal activation in 
patients with left bundle branch block and heart failure. J Cardiovasc Electrophysiol 2003;14:135-41.



190

 22. Auricchio A, Fantoni C, Regoli F et al. Characterization of left ventricular activation in patients with 
heart failure and left bundle-branch block. Circulation 2004;109:1133-9.

 23. Badke FR, Boinay P, Covell JW. Eff ects of ventricular pacing on regional left ventricular performance in 
the dog. Am J Physiol 1980;238:H858-H867.

 24. Prinzen FW, Augustijn CH, Arts T, Allessie MA, Reneman RS. Redistribution of myocardial fi ber strain 
and blood fl ow by asynchronous activation. Am J Physiol 1990;259:H300-H308.

 25. Skalidis EI, Kochiadakis GE, Koukouraki SI et al. Myocardial perfusion in patients with permanent 
ventricular pacing and normal coronary arteries. J Am Coll Cardiol 2001;37:124-9.

 26. Karpawich PP, Rabah R, Haas JE. Altered cardiac histology following apical right ventricular pacing in 
patients with congenital atrioventricular block. Pacing Clin Electrophysiol 1999;22:1372-7.

 27. van Oosterhout MF, Prinzen FW, Arts T et al. Asynchronous electrical activation induces asymmetrical 
hypertrophy of the left ventricular wall. Circulation 1998;98:588-95.

 28. Vernooy K, Dijkman B, Cheriex EC, Prinzen FW, Crijns HJ. Ventricular remodeling during long-term 
right ventricular pacing following His bundle ablation. Am J Cardiol 2006;97:1223-7.

 29. Barold SS, Ovsyshcher IE. Pacemaker-induced mitral regurgitation. Pacing Clin Electrophysiol 
2005;28:357-60.

 30. Maurer G, Torres MA, Corday E, Haendchen RV, Meerbaum S. Two-dimensional echocardiographic 
contrast assessment of pacing-induced mitral regurgitation: relation to altered regional left ventricu-
lar function. J Am Coll Cardiol 1984;3:986-91.

 31. Kass DA. An epidemic of dyssynchrony: but what does it mean? J Am Coll Cardiol 2008;51:12-7.
 32. Bader H, Garrigue S, Lafi tte S et al. Intra-left ventricular electromechanical asynchrony. A new inde-

pendent predictor of severe cardiac events in heart failure patients. J Am Coll Cardiol 2004;43:248-56.
 33. Cho GY, Song JK, Park WJ et al. Mechanical dyssynchrony assessed by tissue Doppler imaging is 

a powerful predictor of mortality in congestive heart failure with normal QRS duration. J Am Coll 
Cardiol 2005;46:2237-43.

 34. Castellant P, Fatemi M, Bertault-Valls V, Etienne Y, Blanc JJ. Cardiac resynchronization therapy: “nonre-
sponders” and “hyperresponders”. Heart Rhythm 2008;5:193-7.

 35. Ypenburg C, van Bommel RJ, Borleff s CJ et al. Long-term prognosis after cardiac resynchronization 
therapy is related to the extent of left ventricular reverse remodeling at midterm follow-up. J Am Coll 
Cardiol 2009;53:483-90.

 36. Bax JJ, Abraham T, Barold SS et al. Cardiac resynchronization therapy: Part 1--issues before device 
implantation. J Am Coll Cardiol 2005;46:2153-67.

 37. Rouleau F, Merheb M, Geff roy S et al. Echocardiographic assessment of the interventricular delay of 
activation and correlation to the QRS width in dilated cardiomyopathy. Pacing Clin Electrophysiol 
2001;24:1500-6.

 38. Schmidt M, Bromsen J, Herholz C et al. Evidence of left ventricular dyssynchrony resulting from right 
ventricular pacing in patients with severely depressed left ventricular ejection fraction. Europace 
2007;9:34-40.

 39. Marsan NA, Breithardt OA, Delgado V, Bertini M, Tops LF. Predicting response to CRT. The value of 
two- and three-dimensional echocardiography. Europace 2008;10 Suppl 3:iii73-iii79.

 40. Gomes JA, Damato AN, Akhtar M et al. Ventricular septal motion and left ventriclular dimensions 
during abnormal ventricular activation. Am J Cardiol 1977;39:641-50.

 41. Thambo JB, Bordachar P, Garrigue S et al. Detrimental ventricular remodeling in patients with congeni-
tal complete heart block and chronic right ventricular apical pacing. Circulation 2004;110:3766-72.

 42. Lupi G, Sassone B, Badano L et al. Eff ects of right ventricular pacing on intra-left ventricular electro-
mechanical activation in patients with native narrow QRS. Am J Cardiol 2006;98:219-22.

 43. Liu WH, Chen MC, Chen YL et al. Right ventricular apical pacing acutely impairs left ventricular func-
tion and induces mechanical dyssynchrony in patients with sick sinus syndrome: a real-time three-
dimensional echocardiographic study. J Am Soc Echocardiogr 2008;21:224-9.



Chapter 11
RV apical pacing and dyssynchrony 

191

 44. Albertsen AE, Nielsen JC, Poulsen SH et al. DDD(R)-pacing, but not AAI(R)-pacing induces left ven-
tricular desynchronization in patients with sick sinus syndrome: tissue-Doppler and 3D echocardio-
graphic evaluation in a randomized controlled comparison. Europace 2008;10:127-33.

 45. Chen L, Hodge D, Jahangir A et al. Preserved left ventricular ejection fraction following atrioventricu-
lar junction ablation and pacing for atrial fi brillation. J Cardiovasc Electrophysiol 2008;19:19-27.

 46. Zhang XH, Chen H, Siu CW et al. New-onset heart failure after permanent right ventricular apical pac-
ing in patients with acquired high-grade atrioventricular block and normal left ventricular function. J 
Cardiovasc Electrophysiol 2008;19:136-41.

 47. Tops LF, Suff oletto MS, Bleeker GB et al. Speckle-tracking radial strain reveals left ventricular dys-
synchrony in patients with permanent right ventricular pacing. J Am Coll Cardiol 2007;50:1180-8.

 48. Delgado V, Tops LF, Trines SA et al. Acute eff ects of right ventricular apical pacing on left ventricular 
synchrony and mechanics. Circ Arrhythmia Electrophysiol 2009;2:135-45.

 49. Pastore G, Noventa F, Piovesana P et al. Left ventricular dyssynchrony resulting from right ventricular 
apical pacing: relevance of baseline assessment. Pacing Clin Electrophysiol 2008;31:1456-62.

 50. Nahlawi M, Waligora M, Spies SM, Bonow RO, Kadish AH, Goldberger JJ. Left ventricular function dur-
ing and after right ventricular pacing. J Am Coll Cardiol 2004;44:1883-8.

 51. Chung ES, Leon AR, Tavazzi L et al. Results of the Predictors of Response to CRT (PROSPECT) trial. 
Circulation 2008;117:2608-16.

 52. Leon AR, Greenberg JM, Kanuru N et al. Cardiac resynchronization in patients with congestive heart 
failure and chronic atrial fi brillation: eff ect of upgrading to biventricular pacing after chronic right 
ventricular pacing. J Am Coll Cardiol 2002;39:1258-63.

 53. Witte KK, Pipes RR, Nanthakumar K, Parker JD. Biventricular pacemaker upgrade in previously paced 
heart failure patients--improvements in ventricular dyssynchrony. J Card Fail 2006;12:199-204.

 54. Valls-Bertault V, Fatemi M, Gilard M, Pennec PY, Etienne Y, Blanc JJ. Assessment of upgrading to 
biventricular pacing in patients with right ventricular pacing and congestive heart failure after atrio-
ventricular junctional ablation for chronic atrial fi brillation. Europace 2004;6:438-43.

 55. Eldadah ZA, Rosen B, Hay I et al. The benefi t of upgrading chronically right ventricle-paced heart 
failure patients to resynchronization therapy demonstrated by strain rate imaging. Heart Rhythm 
2006;3:435-42.

 56. Marai I, Gurevitz O, Carasso S et al. Improvement of congestive heart failure by upgrading of conven-
tional to resynchronization pacemakers. Pacing Clin Electrophysiol 2006;29:880-4.

 57. Leclercq C, Cazeau S, Lellouche D et al. Upgrading from single chamber right ventricular to biventricu-
lar pacing in permanently paced patients with worsening heart failure: The RD-CHF Study. Pacing Clin 
Electrophysiol 2007;30 Suppl 1:S23-S30.

 58. Shimano M, Tsuji Y, Yoshida Y et al. Acute and chronic eff ects of cardiac resynchronization in patients 
developing heart failure with long-term pacemaker therapy for acquired complete atrioventricular 
block. Europace 2007;9:869-74.

 59. Leclercq C, Cazeau S, Ritter P et al. A pilot experience with permanent biventricular pacing to treat 
advanced heart failure. Am Heart J 2000;140:862-70.

 60. Baker CM, Christopher TJ, Smith PF, Langberg JJ, DeLurgio DB, Leon AR. Addition of a left ventricular 
lead to conventional pacing systems in patients with congestive heart failure: feasibility, safety, and 
early results in 60 consecutive patients. Pacing Clin Electrophysiol 2002;25:1166-71.

 61. Horwich T, Foster E, De Marco T, Tseng Z, Saxon L. Eff ects of resynchronization therapy on cardiac 
function in pacemaker patients “upgraded” to biventricular devices. J Cardiovasc Electrophysiol 
2004;15:1284-9.

 62. Cazeau S, Bordachar P, Jauvert G et al. Echocardiographic modeling of cardiac dyssynchrony before 
and during multisite stimulation: a prospective study. Pacing Clin Electrophysiol 2003;26:137-43.

 63. Kindermann M, Hennen B, Jung J, Geisel J, Bohm M, Frohlig G. Biventricular versus conventional right 
ventricular stimulation for patients with standard pacing indication and left ventricular dysfunction: 
the Homburg Biventricular Pacing Evaluation (HOBIPACE). J Am Coll Cardiol 2006;47:1927-37.



192

 64. Kass DA, Chen CH, Curry C et al. Improved left ventricular mechanics from acute VDD pacing in 
patients with dilated cardiomyopathy and ventricular conduction delay. Circulation 1999;99:1567-73.

 65. Simantirakis EN, Vardakis KE, Kochiadakis GE et al. Left ventricular mechanics during right ventricular 
apical or left ventricular-based pacing in patients with chronic atrial fi brillation after atrioventricular 
junction ablation. J Am Coll Cardiol 2004;43:1013-8.

 66. Doshi RN, Daoud EG, Fellows C et al. Left ventricular-based cardiac stimulation post AV nodal ablation 
evaluation (the PAVE study). J Cardiovasc Electrophysiol 2005;16:1160-5.

 67. Brignole M, Gammage M, Puggioni E et al. Comparative assessment of right, left, and biventricular 
pacing in patients with permanent atrial fi brillation. Eur Heart J 2005;26:712-22.

 68. Leclercq C, Walker S, Linde C et al. Comparative eff ects of permanent biventricular and right-univen-
tricular pacing in heart failure patients with chronic atrial fi brillation. Eur Heart J 2002;23:1780-7.

 69. Albertsen AE, Nielsen JC, Poulsen SH et al. Biventricular pacing preserves left ventricular performance 
in patients with high-grade atrio-ventricular block: a randomized comparison with DDD(R) pacing in 
50 consecutive patients. Europace 2008;10:314-20.

 70. Funck RC, Blanc JJ, Mueller HH, Schade-Brittinger C, Bailleul C, Maisch B. Biventricular stimulation to 
prevent cardiac desynchronization: rationale, design, and endpoints of the ‘Biventricular Pacing for 
Atrioventricular Block to Prevent Cardiac Desynchronization (BioPace)’ study. Europace 2006;8:629-35.

 71. Matsushita K, Ishikawa T, Sumita S et al. Assessment of regional wall motion by strain Doppler during 
biventricular pacing in patients with conventional indications for a pacemaker. Pacing Clin Electro-
physiol 2004;27:1284-91.

 72. Wyman BT, Hunter WC, Prinzen FW, McVeigh ER. Mapping propagation of mechanical activation in 
the paced heart with MRI tagging. Am J Physiol 1999;276:H881-H891.

 73. Wyman BT, Hunter WC, Prinzen FW, Faris OP, McVeigh ER. Eff ects of single- and biventricular pac-
ing on temporal and spatial dynamics of ventricular contraction. Am J Physiol Heart Circ Physiol 
2002;282:H372-H379.

 74. Nielsen JC, Kristensen L, Andersen HR, Mortensen PT, Pedersen OL, Pedersen AK. A randomized 
comparison of atrial and dual-chamber pacing in 177 consecutive patients with sick sinus syndrome: 
echocardiographic and clinical outcome. J Am Coll Cardiol 2003;42:614-23.

 75. Healey JS, Toff  WD, Lamas GA et al. Cardiovascular outcomes with atrial-based pacing compared 
with ventricular pacing: meta-analysis of randomized trials, using individual patient data. Circulation 
2006;114:11-7.

 76. Rosenqvist M, Obel IW. Atrial pacing and the risk for AV block: is there a time for change in attitude? 
Pacing Clin Electrophysiol 1989;12:97-101.

 77. Olshansky B, Day JD, Moore S et al. Is dual-chamber programming inferior to single-chamber pro-
gramming in an implantable cardioverter-defi brillator? Results of the INTRINSIC RV (Inhibition of 
Unnecessary RV Pacing With AVSH in ICDs) study. Circulation 2007;115:9-16.

 78. Sweeney MO, Bank AJ, Nsah E et al. Minimizing ventricular pacing to reduce atrial fi brillation in sinus-
node disease. N Engl J Med 2007;357:1000-8.

 79. Manolis AS. The deleterious consequences of right ventricular apical pacing: time to seek alternate 
site pacing. Pacing Clin Electrophysiol 2006;29:298-315.

 80. de Cock CC, Giudici MC, Twisk JW. Comparison of the haemodynamic eff ects of right ventricular 
outfl ow-tract pacing with right ventricular apex pacing: a quantitative review. Europace 2003;5:275-8.

 81. Vanerio G, Vidal JL, Fernandez BP, Banina AD, Viana P, Tejada J. Medium- and long-term survival after 
pacemaker implant: Improved survival with right ventricular outfl ow tract pacing. J Interv Card 
Electrophysiol 2008;21:195-201.

 82. Ten Cate TJ, Scheff er MG, Sutherland GR, Fred VJ, van Hemel NM. Right ventricular outfl ow and 
apical pacing comparably worsen the echocardioghraphic normal left ventricle. Eur J Echocardiogr 
2008;9:672-7.

 83. Victor F, Mabo P, Mansour H et al. A randomized comparison of permanent septal versus apical right 
ventricular pacing: short-term results. J Cardiovasc Electrophysiol 2006;17:238-42.



Chapter 11
RV apical pacing and dyssynchrony 

193

 84. Burri H, Sunthorn H, Dorsaz PA, Viera I, Shah D. Thresholds and complications with right ventricular 
septal pacing compared to apical pacing. Pacing Clin Electrophysiol 2007;30 Suppl 1:S75-S78.

 85. Yu CC, Liu YB, Lin MS, Wang JY, Lin JL, Lin LC. Septal pacing preserving better left ventricular mechani-
cal performance and contractile synchronism than apical pacing in patients implanted with an 
atrioventricular sequential dual chamber pacemaker. Int J Cardiol 2007;118:97-106.

 86. Kypta A, Steinwender C, Kammler J, Leisch F, Hofmann R. Long-term outcomes in patients with atrio-
ventricular block undergoing septal ventricular lead implantation compared with standard apical 
pacing. Europace 2008;10:574-9.

 87. Deshmukh P, Casavant DA, Romanyshyn M, Anderson K. Permanent, direct His-bundle pacing: a novel 
approach to cardiac pacing in patients with normal His-Purkinje activation. Circulation 2000;101:869-
77.

 88. Zanon F, Bacchiega E, Rampin L et al. Direct His bundle pacing preserves coronary perfusion 
compared with right ventricular apical pacing: a prospective, cross-over mid-term study. Europace 
2008;10:580-7.

 89. Occhetta E, Bortnik M, Magnani A et al. Prevention of ventricular desynchronization by permanent 
para-Hisian pacing after atrioventricular node ablation in chronic atrial fi brillation: a crossover, 
blinded, randomized study versus apical right ventricular pacing. J Am Coll Cardiol 2006;47:1938-45.

 90. Hoijer CJ, Meurling C, Brandt J. Upgrade to biventricular pacing in patients with conventional pace-
makers and heart failure: a double-blind, randomized crossover study. Europace 2006;8:51-5.

 91. Laurenzi F, Achilli A, Avella A et al. Biventricular upgrading in patients with conventional pacing 
system and congestive heart failure: results and response predictors. Pacing Clin Electrophysiol 
2007;30:1096-104.




