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Heart failure and right ventricular pacing – how to avoid the need for cardiac resynchronization 1 

therapy 2 

 3 

1. Introduction 4 

Permanent artificial pacemaker implantation is a safe and effective treatment for 5 

bradycardia,[1] and is associated with extended longevity [2] and improved quality of life.[3] 6 

Approximately 350,000 people in the UK have a pacemaker, with over 40,000 new implants 7 

per year.  8 

 9 

However, long term right ventricular (RV) pacing has been linked to adverse left ventricular 10 

(LV) remodeling,[4, 5] such that the most common long-term complication of standard 11 

pacemaker therapy is pacemaker-associated chronic heart failure (CHF) due to left ventricular 12 

systolic dysfunction (LVSD) [6, 7, 8]. Whilst up to 2-3% of the general population have CHF, 13 

the condition is much more common in pacemaker patients with a prevalence up to 50% [7, 14 

9] and 12% of people admitted with acute decompensated heart failure (HF) (4% with a de 15 

novo admission for heart failure) have a pacemaker [10]. 16 

 17 

2. The deleterious effects of RV pacing: 18 

Rapid RV apical pacing has been used as an animal model for dilated cardiomyopathy for 19 

decades [11] and whilst the abnormal contraction pattern and reduced contractility induced 20 

by acute RV pacing had been appreciated,[12, 13] it was thought to be of little clinical 21 

consequence. It was assumed that pacing-induced cardiomyopathy was the consequence of 22 

the rate rather than the site. 23 

 24 



This changed as a result of observational, cross-sectional studies demonstrating a higher than 25 

expected prevalence of LVSD in people with RV pacemakers, especially those with high 26 

amounts of RV pacing [14, 15] and subsequently, the potential for RV pacing to adversely 27 

affect clinical outcomes was driven by two influential studies, originally designed to evidence 28 

the benefits of physiological DDD pacing compared to VVI stimulation in different settings. 29 

The Dual-Chamber and VVI Implantable Defibrillator (DAVID) trial aimed to assess the efficacy 30 

of preventing bradycardia on the incidence of bradycardic-induced ventricular 31 

tachyarrhythmia in 506 enrolled participants with heart failure due to severe LVSD. Subjects 32 

receiving a primary prevention defibrillator were allocated either to dual chamber pacing with 33 

a base rate of 70bts/min and rate response active (DDDR 70) or to simple back up ventricular 34 

pacing with a base rate of 40bts/min (VVI 40). In direct contrast to its aim, DAVID showed that 35 

more patients died or developed heart failure in the DDDR 70 group than in those allocated 36 

VVI 40 at 1 year (HR 1.61; 95% confidence interval 1.06-2.44) [14]. Subgroup analysis revealed 37 

that this was attributable to high levels of right ventricular (RV)pacing inherent in those 38 

programmed DDDR. All patients in DAVID had severe LVSD at baseline, so although the results 39 

demonstrated a clear adverse effect of RV pacing on HF, the study was unable to determine 40 

the effect of RV pacing on cardiac function as no serial assessment was performed.  41 

 42 

The Mode Selection Trial (MOST) designed to assess the need for dual versus single chamber 43 

pacing, allocated 2010 people receiving pacemakers for sinus node disease to either VVIR or 44 

DDDR mode for a mean follow-up of 3 years [16]. The study was neutral for its primary 45 

endpoint of preventing atrial fibrillation through atrial pacing, but demonstrated at post-hoc 46 

analysis that patients with sinus node dysfunction exposed to high quantities of RV pacing 47 

were also at increased risk of HF hospitalization and atrial fibrillation in the presence of 48 



unnecessary RV pacing [17]. Both studies focused on clinical endpoints and neither performed 49 

serial echocardiography.  50 

 51 

More recent observational studies have clarified that the percentage of beats delivered 52 

through RV pacing is directly related to the degree of Left ventricular systolic dysfunction 53 

(LVSD), with the poorest LVEF seen in patients with a high percentage of RV pacing, [18] and 54 

that RV pacing burden has a linear relationship to risk of HF and cardiovascular death in large 55 

non-selected anti-bradycardia pacing cohorts [19].  This relationship has been shown to be 56 

exaggerated by the presence of existing cardiovascular disease (Figure 1) [20]. We have 57 

previously shown that patients requiring 40% of their ventricular rhythm from the 58 

pacemaker, who also had pre-existing cardiovascular disease had the highest prevalence of 59 

reduced LVEF, whereas those paced <40% with no cardiovascular morbidity had a very low 60 

rate of LVSD (Figure 1) [20]. This supports the clinical data from DAVID and MOST where there 61 

also seemed to be a threshold around 40% which was associated with an increase in adverse 62 

outcomes [14].   63 

 64 

3. Right ventricular pacing and left ventricular dysfunction: causation or association  65 

Whilst it is generally accepted that RV pacing is associated with LVSD and HF hospitalization, 66 

there remains considerable lack of clarity around causality. Patients with more severe heart 67 

disease, often have more severe conduction issue disease and therefore require more 68 

ventricular pacing. For example whilst complete heart block [8, 20, 21] or high RV pacing 69 

percentage [14, 15] are key predictors of adverse outcome in patients with pacemakers whilst 70 

cardiac dysfunction at baseline, age, coronary artery disease, diabetes  [20], paced QRS [22] 71 

and atrial fibrillation [17] are also closely related.  72 



 73 

Nielsen and colleagues have shown a drop in LVEF of approximately 5% subsequent to the 74 

introduction of RV pacing up to an average 2.9 years post implant [18]. However, there are 75 

very few observational studies describing outcomes or measures of cardiac function over time 76 

in unselected pacemaker patients large enough to allow correction for the relationship 77 

between each of these clinical features and also to describe the rate of progression of left 78 

ventricular remodeling in different clinical situations.   79 

 80 

4. Mechanisms of the adverse remodeling effects of right ventricular pacing 81 

Acute right ventricular apical pacing leads to both an altered pattern of electrical 82 

stimulation and myocardial contraction of the left and right ventricles compared to intrinsic 83 

activation, similar to the dyssynchrony seen with left bundle branch block, [23, 24].  The 84 

electrical wave produced from RV pacing does not propagate through the conduction 85 

system but the myocardium itself, therefore it is usually slower and heterogeneous in its 86 

activation of the myocardium [25]. 87 

 88 

In fact, QRS morphology, hemodynamic measures, and the electrical activation–peak 89 

contraction relationship vary greatly between pacing sites; RV septum, apex and LV septum 90 

[24], but even among individual patients [26, 27]. Inter-individual differences in QRS 91 

morphology have been attributed to localized changes in myocardial tissue, such as ischemia, 92 

effecting viability, contractility and relaxation properties [26, 27, 28]. Nevertheless a general 93 

widening of the QRS complex on ECG, lower overall stroke volume, worse mitral regurgitation 94 

are common features in RV paced patients[23].  95 

 96 



The aetiology of pacing associated LV dysfunction is likely to be an interaction of multiple 97 

factors in a patient at higher risk due to genetics and past history. Longer term RV pacing has 98 

also been associated with abnormal myocardial perfusion [29, 30, 31] which has been 99 

hypothesized to subsequently lead to a redistribution of work and blood flow to late activated 100 

regions [32]. Also elevated catecholamine activity [4], myocardial structural [29, 33], 101 

histopathological[34], and genetic abnormalities [35]  and neurohormonal alterations [36], 102 

have been shown, all of which are likely to contribute in a cyclical process to adverse 103 

remodeling, advocating persistent reductions in LV systolic and diastolic performance[37, 38].  104 

 105 

5. Potential Benefits of Synchronous RV pacing 106 

There is some evidence to support selected beneficial effects of RV pacing in context of 107 

maintaining a physiological atrioventricular (AV) interval as first-degree AV block may worsen 108 

heart failure [39]. A sub-analysis of the DAVID trial identified that those patients with less 109 

than 40% RV pacing when randomized to DDDR 70ppm, most of which were programmed 110 

with an AV delay of 170 or 150ms, actually had a trend towards better outcomes than the VVI 111 

40ppm arm [40]. Prolonged AV interval can promote rhythm disturbances, create non-112 

physiological ventricular filling times, cause mitral regurgitation and pacemaker syndrome 113 

[41, 42].  114 

 115 

Interestingly, multiple trials on the efficacy of more modern RV pacing avoidance algorithms 116 

have demonstrated a lack of non-inferiority in relation to adverse cardiovascular events . In 117 

fact, the Managed Ventricular Pacing (MVP) trial showed in a subgroup of 1030 patients 118 

implanted with internal cardioverter defibrillator (ICD) devices with > 230ms PR interval at 119 

baseline, worse hospitalization and death rates [43]. Additionally, a PR interval >230ms was 120 



shown to create a 3.4 fold increased risk for the development of persistent atrial fibrillation 121 

in an alternate trial [44]. The MOST trial established in a subanalysis that first degree AV 122 

block was associated with increased risk of composite death, stroke and HF hospitalization 123 

independent of pacing mode or RV pacing burden [15] and importantly the DAVID trial 124 

subanalysis identified that patients with prolonged PR interval at baseline did not 125 

significantly worsen in the presence of RV pacing [14]. 126 

 127 

Unfortunately the balance between avoiding potentially detrimental RV pacing and achieving 128 

an optimal AV interval is not clearly understood, has not been investigated substantially as a 129 

primary endpoint, and has not been included in a meta-analysis [45] therefore currently 130 

suggestions for clinical practice are limited. 131 

  132 

 133 

6. Prevention and treatment of pacemaker-related left ventricular systolic dysfunction  134 

6.1 Medical therapy 135 

Despite the appreciation that RV pacing can induce or worsen LV function, and that patients 136 

who need their pacemaker the most are at highest risk of deteriorating heart function and 137 

heart failure events [14, 19, 20], there are no published studies exploring medical therapies 138 

to prevent deterioration of cardiac function. Patients with pacemakers were excluded from 139 

early heart failure studies of angiotensin converting enzyme inhibitors and beta-blockers [46, 140 

47] and form a small proportion of subjects enrolled into more recent studies [48]. Therefore, 141 

whether neurohormonal blockade is of benefit in preventing or slowing RV pacing associated 142 

LVSD is unknown. To our knowledge, no trials are currently underway to investigate this 143 

possibility. 144 



 145 

6.2 Device approaches 146 

Device-based approaches, or novel pacemaker algorithms to prevent or reduce pacing-147 

associated LVSD have taken several directions but none have yet demonstrated benefits on 148 

patient-orientated end-points such as HF hospitalization or death [43, 49, 50, 51]. Results 149 

have been promising in terms of short-term efficacy of ventricular pacing reduction and safety 150 

and are further discussed in this review, yet no long-term trials utilising clinical endpoints 151 

including patients with high grade AV block have been undertaken [52].  152 

 153 

6.3 Withdrawal of RV pacing 154 

Ideally, RV pacing should be delivered only when necessary to maintain quality of life. In 155 

recent years pacemaker manufacturers have developed software algorithms that when 156 

activated, can reduce RV pacing [49, 53, 54]. These work principally by extending the time 157 

between a sensed or paced atrial signal and the delivery of an RV pulse. This prolongation of 158 

the AV delay reliably reduces RV pacing and although more complex algorithms can deliver 159 

physiological AV delays in the context of intermittent heart block,[32] there are some 160 

disadvantages such as reduced ventricular preload and induced mitral regurgitation [55] 161 

which are associated with increased mortality and worse symptoms in patients with dilated 162 

cardiomyopathy [56]. 163 

In fact, the trial designed to assess the efficacy of the managed ventricular pace algorithm 164 

failed to show inferiority of atrial pacing at 60 beats/min compared to ventricular backup 165 

pacing at 40 beats/min in terms of all cause-mortality and HF events at 30 months (80.3% 166 

vs. 77.7%; HR:1.14: upper 95% CI bound 1.59) in 1030 patients. There was an unexpectedly 167 



low event rate overall, however the study highlighted the fundamental trade-off between 168 

avoiding RV pacing and increased burden of lifelong increase AV intervals. Interestingly 169 

there was no difference in cumulative RV pacing percentage (MVP-60 vs. VVI-40: 0.8 vs. 0.7 170 

at 6 months and 1.6 vs. 1.8 at 24 months), which may be explained by the patient cohort 171 

which did not include patients with symptomatic bradycardia.  172 

We have previously described that in an unselected cohort of in 66 patients with a long-173 

term pacemaker (8-12 years) a pre-specified protocol (Figure 2) [9] including reducing the 174 

day-time  base rate to 50 beats per minute, with a nocturnal, sleep or hysteresis rate to 40 175 

beats per minute, deactivating rate-adaptive pacing, extending the AV delays or activating 176 

an algorithm to reduce unnecessary RV pacing, led to a reduction in mean RV pacing 177 

percentage by 49 (95% CI: 41-57)%, (p<0.001) [57]. This was associated with an 178 

improvement in LVEF of 6 (95% CI: 4-8)% (p<0.001) with no adverse effect on quality of life 179 

as measured using the validated EQ-5D questionnaire designed by the EuroQol group in 180 

order to standardize the measures. Since beneficial remodeling is a powerful prognostic tool 181 

[58] our data confirm the potential that a pragmatic yet rigorously applied programming 182 

protocol could have on patient-orientated outcomes. Furthermore, our data also support 183 

the concept that RV pacing is not merely a bystander in people with worse and deteriorating 184 

heart function but is also a contributor. A larger randomized, placebo-controlled study of 185 

personalized pacing programming is underway to confirm these results on patient-186 

orientated endpoints and pacemaker battery longevity (NCT: 01819662).  187 

 188 

None of the randomized studies of pacing avoidance algorithms were individually or in meta-189 

analysis large enough or had long enough follow-up to demonstrate benefits on patient-190 



orientated endpoints such as HF hospitalizations or survival [45]. Moreover, many included 191 

patients with unavoidable RV pacing due to third degree AV block, and allowed cross -over to 192 

cardiac resynchronization therapy (CRT) [59]. Evidence demonstrating the benefits of a 193 

pragmatic approach to optimized programming to avoid RV pacing is therefore lacking and 194 

this is reflected in the guidelines for pacemaker implantation which make limited reference 195 

to the potential importance of personalization of programming for patient care and device 196 

longevity.  197 

 198 

Pacemaker therapy though, does not fulfil a one-size-fits-all paradigm, more that particular 199 

subgroups of patients are at increased risk of developing or worsening heart failure after the 200 

introduction of RV pacing. It has been identified the risk is especially high in people requiring 201 

a high proportion of ventricular pacing, those with diabetes mellitus, previous myocardial 202 

infarction and raised creatinine [20, 60], although more trials are required to permit more 203 

appropriate risk stratification of pacemaker patients.  204 

 205 

6.4 Alternative pacing sites 206 

It has been proposed that the adverse effects of RV pacing could be limited by choosing an 207 

alternative pacing site in the right ventricle. This led to the development of septal pacing 208 

which although promising in observational studies, did not avoid the hemodynamic effect of 209 

RV pacing [61], prevent adverse LV remodeling [62, 63, 64, 65] or heart failure events [66] in 210 

randomized, controlled studies. These studies are further limited by not employing optimal 211 

RV pacing avoidance programming in either arm [9]. 212 

  213 



Although one meta-analysis of randomized trials concluded that RV non-apical pacing 214 

exhibited favorable effects in improving LVEF and interventricular synchrony after 6 month 215 

follow-up period [67] this included all non-apical pacing sites in the intervention arm (His 216 

bundle, RV septum, RV outflow tract) hence the findings are less translational into clinical 217 

practice.  218 

 219 

One first-in-man study assessed the efficacy of LV septal pacing in 10 patients indicated for 220 

bradycardia pacing due to sinus node dysfunction by driving a pacing lead through the 221 

interventricular septum [24]. Acute invasive hemodynamic measures were taken during 222 

periods of RV apical, RV septal and LV septal pacing, showing that RV apical and septal pacing 223 

reduced LV dP/dtmax compared to a baseline of atrial only pacing (-7.14.1% and -6.94.3% 224 

respectively), whereas LV septal pacing  maintained dP/dtmax (1.04.3%; p=0.001 versus RV 225 

apical and septal) [24]. Nevertheless, all pacing sites induced a bundle branch block-like 226 

morphology and without longer term follow-up, functional implications as well as data on the 227 

magnitude of potential risks are unknown. 228 

 229 

Recently, the use of HIS bundle pacing (HBP) which utilizes more of the intrinsic conduction 230 

pathways and might therefore generate an improved contraction profile, has grown. 231 

However, studies are mostly observational with a variable success rate of implantation 232 

quoted acutely from 73-85%[68, 69]. To date though, these studies [70, 71] have included 233 

observational cohorts, or small samples with a large variation in patient co-morbidities and 234 

device types. Randomized trials are currently being undertaken including the BHF-supported 235 

HOPE-HF study. This will randomly allocate 160 subjects with heart failure due to left 236 

ventricular systolic dysfunction (LVEF<40%) without left bundle branch block but a PR 237 



interval ≥200ms to either AV optimized pacing through a ventricular lead placed to achieve 238 

HIS-bundle capture or back up rate support through a ventricular lead placed also in the RV 239 

apex or a lateral coronary sinus branch vessel in a 6-month cross-over design with the 240 

primary endpoint of peak oxygen consumption assessed at baseline, 6 months and 12 241 

months after the implant [NCT number: 02671903). 242 

 243 

7. Cardiac Resynchronization Therapy 244 

In context of inconsistent results obtained from lead site manipulation and the growing 245 

epidemic of dyssynchrony in pacemaker patients, investigators contemplated the role of 246 

cardiac resynchronization therapy (CRT) as a first line treatment for patients considered high 247 

risk of cardiac dysfunction.  248 

 249 

Yu and colleagues [72] found patients with a normal ejection fraction randomized to RV 250 

pacing or biventricular pacing had a significant difference in LVEF at 12 months. However,  251 

both patient groups still had a normal ejection fraction (54.8% vs 62.2%) so it was 252 

hypothesized that the deleterious effects of RV pacing likely occurred in subgroups of patients 253 

and over the longer term.  254 

 255 

The Homburg pacing evaluation [73]  and COMBAT [74] studies described similar findings in 256 

populations of patients with pre-existing LV dysfunction and remodeling prior to implant; 257 

building on the growing evidence that patients with pre-existing LV dysfunction are most at 258 

risk of further pacing-induced impairment. The BLOCK-HF study, which allocated 691 patients 259 

with heart block and a range of left ventricular dysfunction to CRT pacing or RV pacing, 260 

demonstrated reductions in heart failure hospitalization commonly in those with marked 261 



LVSD. Furthermore, all patients received CRT hardware, limiting the use of pacing avoidance 262 

protocols and the ability to assess complication rates associated with more complex 263 

procedures [[75]. BIOPACE, which recruited 1810 patients with heart block and no significant 264 

LVSD to CRT or RV devices for up to 8 years has as yet only been presented in abstract form 265 

showing no benefit on clinical outcomes [76].  266 

 267 

At present it is therefore premature to suggest all patients with high grade AV block should 268 

receive CRT. Careful consideration on device type and RV pacing site could be made for 269 

patients at initial device implant whom are likely to require a high rates of RV pacing, those 270 

with existing cardiac dysfunction or significant ischemic history, or broad QRS duration, 271 

although further investigations are needed to validate risk stratification factors in larger 272 

cohorts with modern device settings.  273 

 274 

8. How do we explain the lack of benefit of alternative pacing options?  275 

The principle issue facing implanters and their patients is that despite the adverse effects of 276 

RV pacing, many patients will not develop LVSD or HF as a consequence of long term RV 277 

pacing, whilst others will develop it rapidly and follow a fulminant course[20]. The benefit of 278 

more complex approaches is likely to be limited to a subgroup of patients that must be 279 

identified prior to the initial procedure. Despite considerable investment, the features 280 

predicting preventable future clinical deterioration due to incident pacing-related left 281 

ventricular dysfunction remain elusive although the presence of pre-existing cardiovascular 282 

co-morbidities increases the risk [5].Even the simplest clinical feature, complete heart block  283 

recorded indication is unreliable since at long term follow-up a large proportion will not 284 

require high amounts of RV pacing (Figure 3) [20]. 285 



 286 

9. Conclusions 287 

Although there is increasing recognition of the probably causative relationship between RV 288 

pacing and LVSD, clinical heart failure is frequently overlooked in the pacemaker population 289 

but has major effects on mortality and morbidity. Device-based strategies to overcome 290 

pacing-induced cardiac dysfunction have largely failed to be adopted due to poor efficacy or 291 

difficulties in patient selection. Optimal medical therapy and programming should therefore 292 

be considered in every patient prior to the use of more complex approaches including 293 

upgrades to CRT. 294 

 295 

10. Expert commentary 296 

Despite significant progress, the optimal strategy for people requiring ventricular rate support 297 

is undetermined. The evidence weakness is that it is contradictory; most trials indicate RV 298 

pacing is detrimental and that a reduction in RV pacing improves LV function, yet there has 299 

been no resultant benefit to clinical patient outcomes. This is not entirely unexpected as there 300 

is almost always fundamental potential confounding within the pacemaker population who 301 

arguably have existing underlying cardiac disease predisposing them to heart failure. 302 

Additionally there is vast heterogeneity across pacemaker reprogramming interventions ; 303 

between devices, manufacturers and individual patients, making comparisons between trials 304 

and the formation of a clinical strategy problematic. 305 

 306 

Substantial data now exist to show in patients with pre-existing LV dysfunction, the risk of 307 

worsening function after RV pacing induction is exaggerated. Whether RV pacing is harmful 308 

to patients with preserved or mild LV dysfunction, how pacemaker-induced cardiac 309 



dysfunction progresses, and how widely is it reversible, remain ambiguous but are ultimately 310 

key to understanding the conflicting results. In light of the numerous uncertainties and limited 311 

guidance to stratify patients, the appropriateness of programmed pacemaker parameters has 312 

begun to dominate the research field.  313 

 314 

Research demonstrating the beneficial impact of pacemaker reprogramming on cardiac 315 

function is responsible for forming the foundations for reprogramming to be recognized as a 316 

medical intervention, and as such should be personalized for each individual patient, moving 317 

away from a one-size-fits-all approach. Currently, nominal pacemaker parameters are often 318 

utilized in clinical practice, but are substantially inadequate, highlighted by the findings that 319 

even a pacing indication of complete heart block does not predict high volumes of RV pacing. 320 

 321 

The benefits of precision and personalized treatment approaches remain under-investigated 322 

due to a number of challenges. One of the biggest challenges is that many pacing studies have 323 

poorly documented programming data  and with an absence of head-to-head trials, no direct 324 

comparisons are achievable across algorithms. There has also been no demonstration of a 325 

reduction in all-cause mortality from RV pacing avoidance and reprogramming, no evaluation 326 

of the efficacy of avoiding deteriorating LV function in a randomized fashion, and no 327 

assessment of the impact on battery longevity, hypotheses currently being tested in a studies 328 

of ours.  329 

 330 

More scientific efforts should be made to achieve greater understanding about the 331 

development of pacing-induced LV remodeling and dysfunction with the key aim of 332 

identifying subgroups of patients where RV pacing is likely to be harmful  prior to implant. This 333 



is especially desirable in device therapy, since a decision must be made at baseline about 334 

which device will suit the patient for the next 10-20 years and the implantation of any cardiac 335 

device remains an invasive, possibly complex procedure with significant associated cost. More 336 

of these studies should be independently funded to minimize the presently heavy influence 337 

in research from industry.  338 

 339 

Evidence then needs to be fed into up-to-date guidelines on device therapy and patient 340 

management. At present there is only very limited advice on pacemaker programming 341 

regardless of the increased focus of reprogramming interventions in the literature. Every 342 

effort should be made to ensure maximal benefit for the patient and society.  343 

 344 

11. Five year review 345 

The field of cardiac pacing is continually evolving due to the fast paced innovative nature of 346 

device technology. There are a number of areas that have become focal points for progress 347 

and are likely to direct cardiac pacing advancements; magnetic resonance imaging (MRI) of 348 

device patients, battery technology, leadless pacing and His bundle pacing.  349 

 MRI compatible devices have already started to influence the pacing research 350 

landscape. With advanced imaging techniques available, researchers will be able to 351 

investigate cardiac size and function in a variety of methods with enhanced specificity 352 

and sensitivity than provided by other non-invasive techniques. These data will allow 353 

a more detailed assessment of the effects of RV pacing and will inevitably improve the 354 

body of research attempting to identify patients at high risk of cardiac dysfunction and 355 

heart failure prior to implant.  356 



 The research invested currently into battery technology advancements is 357 

overwhelming. Engineers worldwide are attempting to develop life-long energy stores 358 

which fulfill the requirements of a cardiac pacemaker utilizing both chemical and 359 

mechanical methods. Within 5 years we will see huge contributions to this field of 360 

research and likely the initial stages of impactful clinical trials.  361 

 Leadless pacing, although marketed as one of the most recent significant 362 

advancements in pacing, is largely restricted in use due to the single chamber nature 363 

of the devices. Once devices have the capability of dual chamber pacing, and their cost 364 

aligns more with a standard system, there is likely to be broadened application.  365 

 His bundle pacing is theoretically an elegant solution to prevent cardiac dysfunction 366 

caused by RV pacing. Stimulation via the normal conduction system avoids RV 367 

dyssynchrony and has the potential to negate RV avoidance algorithms and promote 368 

physiological AV delays during pacing. Early research findings are encouraging but 369 

more trials into its efficacy and feasibility in widespread practice are required.  370 

 371 

12. Key Issues 372 

There are a number of outstanding questions currently being investigated: 373 

 Is pacing-induced left ventricular dysfunction progressive and reversible through 374 

device reprogramming? 375 

 Can pacing patient outcomes be improved through the use of optimal medical 376 

management and personalized pacing programming guided by non-invasive imaging 377 

and clinical characteristics? 378 



 Can patients who are at higher risk of worsening cardiac function after pacemaker 379 

implantation, who may benefit from more advanced device therapy or adjunct 380 

medical therapy, be identified prior to device implantation? 381 

 382 

  383 



13. References 384 

 385 

1. Epstein AE, DiMarco JP, Ellenbogen KA, et al. 2012 ACCF/AHA/HRS focused update 386 

incorporated into the ACCF/AHA/HRS 2008 guidelines for device-based therapy of 387 

cardiac rhythm abnormalities. Circulation. 2013;127(3):e283-e352. 388 

2. Shaw DB, Kekwick CA, Veale D, et al. Survival in second degree atrioventricular block. 389 

Heart. 1985;53(6):587-593. 390 

3. Lamas GA, Orav EJ, Stambler BS, et al. Quality of life and clinical outcomes in elderly 391 

patients treated with ventricular pacing as compared with dual-chamber pacing. 392 

New England Journal of Medicine. 1998;338(16):1097-1104. 393 

4. Lee MA, Dae MW, Langberg JJ, et al. Effects of long-term right ventricular apical 394 

pacing on left ventricular perfusion, innervation, function and histology. Journal of 395 

the American College of Cardiology. 1994;24(1):225-232. 396 

5. Begg G, Gierula J, Waldron Z, et al. 154 Patients receiving standard pacemaker 397 

generator replacements frequently have impaired left ventricular function and 398 

exercise intolerance, related to the percentage of right ventricular pacing. Heart. 399 

2011;97(Suppl 1):A86-A86. 400 

6. Sweeney MO, Hellkamp AS, Ellenbogen KA, et al. Adverse effect of ventricular pacing 401 

on heart failure and atrial fibrillation among patients with normal baseline QRS 402 

duration in a clinical trial of pacemaker therapy for sinus node dysfunction. 403 

Circulation. 2003;107(23):2932-2937. 404 

7. Thackray SD, Witte KK, Nikitin NP, et al. The prevalence of heart failure and 405 

asymptomatic left ventricular systolic dysfunction in a typical regional pacemaker 406 

population. European Heart Journal. 2003;24(12):1143-1152. 407 

8. ZHANG XH, Chen H, SIU CW, et al. New‐onset heart failure after permanent right 408 

ventricular apical pacing in patients with acquired high‐grade atrioventricular block 409 

and normal left ventricular function. Journal of cardiovascular electrophysiology. 410 

2008;19(2):136-141. 411 

9. Gierula J, Jamil HA, Byrom R, et al. Pacing-associated left ventricular dysfunction? 412 

Think reprogramming first! Heart. 2014;100(10):765-769. doi: 10.1136/heartjnl-413 

2013-304905. 414 

10. Nieminen MS, Brutsaert D, Dickstein K, et al. EuroHeart Failure Survey II (EHFS II): a 415 

survey on hospitalized acute heart failure patients: description of population. 416 

European heart journal. 2006;27(22):2725-2736. 417 

11. Armstrong PW, Stopps TP, Ford SE, et al. Rapid ventricular pacing in the dog: 418 

pathophysiologic studies of heart failure. Circulation. 1986;74(5):1075-1084. 419 

12. Wiggers CJ. The muscular reactions of the mammalian ventricles to artificial surface 420 

stimuli. American Journal of Physiology-Legacy Content. 1925;73(2):346-378. 421 

13. Heyndrickx GR, Vilaine J, Knight D, et al. Effects of altered site of electrical activation 422 

on myocardial performance during inotropic stimulation. Circulation. 423 

1985;71(5):1010-1016. 424 

14. Wilkoff BL, Cook JR, Epstein AE, et al. Dual-chamber pacing or ventricular backup 425 

pacing in patients with an implantable defibrillator: the Dual Chamber and VVI 426 

Implantable Defibrillator (DAVID) Trial. JAMA. 2002 Dec 25;288(24):3115-23. 427 

PubMed PMID: 12495391. 428 

15. Sweeney MO, Hellkamp AS, Ellenbogen KA, et al. Reduced ejection fraction, sudden 429 

cardiac death, and heart failure death in the mode selection trial (MOST): 430 



implications for device selection in elderly patients with sinus node disease. Journal 431 

of cardiovascular electrophysiology. 2008;19(11):1160-1166. 432 

16. Lamas G, Lee K, Sweeney M, et al. Mode Selection Trial in Sinus-Node Dysfunction. 433 

Ventricular pacing or dual-chamber pacing for sinus-node dysfunction N Engl J Med. 434 

2002;346:1854-1862. 435 

17. Sweeney MO, Bank AJ, Nsah E, et al. Minimizing ventricular pacing to reduce atrial 436 

fibrillation in sinus-node disease. New England Journal of Medicine. 437 

2007;357(10):1000-1008. 438 

18. Nielsen JC, Kristensen L, Andersen HR, et al. A randomized comparison ofatrial and 439 

dual-chamber pacing in177 consecutive patients with sick sinus syndrome: 440 

Echocardiographic and clinical outcome. Journal of the American College of 441 

Cardiology. 2003;42(4):614-623. 442 

19. Udo EO, van Hemel NM, Zuithoff NP, et al. Risk of heart failure-and cardiac death 443 

gradually increases with more right ventricular pacing. International journal of 444 

cardiology. 2015;185:95-100. 445 

20. Gierula J, Cubbon RM, Jamil HA, et al. Patients with long-term permanent 446 

pacemakers have a high prevalence of left ventricular dysfunction. Journal of 447 

Cardiovascular Medicine. 2015;16(11):743-750. 448 

21. Brunner M, Olschewski M, Geibel A, et al. Long-term survival after pacemaker 449 

implantation: Prognostic importance of gender and baseline patient characteristics. 450 

European Heart Journal. 2004;25(1):88-95. 451 

22. Shukla HH, Hellkamp AS, James EA, et al. Heart failure hospitalization is more 452 

common in pacemaker patients with sinus node dysfunction and a prolonged paced 453 

QRS duration. Heart Rhythm. 2005;2(3):245-251. 454 

23. Tanaka H, Hara H, Adelstein EC, et al. Comparative mechanical activation mapping of 455 

RV pacing to LBBB by 2D and 3D speckle tracking and association with response to 456 

resynchronization therapy. JACC: Cardiovascular Imaging. 2010;3(5):461-471. 457 

24. Mafi-Rad M, Luermans JG, Blaauw Y, et al. Feasibility and acute hemodynamic effect 458 

of left ventricular septal pacing by transvenous approach through the 459 

interventricular septum. Circulation: Arrhythmia and Electrophysiology. 460 

2016;9(3):e003344. 461 

25. Sarvari SI, Sitges M, Sanz M, et al. Left ventricular dysfunction is related to the 462 

presence and extent of a septal flash in patients with right ventricular pacing. EP 463 

Europace. 2017;19(2):289-296. 464 

26. Ploux S, Lumens J, Whinnett Z, et al. Noninvasive electrocardiographic mapping to 465 

improve patient selection for cardiac resynchronization therapy: beyond QRS 466 

duration and left bundle branch block morphology. Journal of the American College 467 

of Cardiology. 2013;61(24):2435-2443. 468 

27. Eschalier R, Ploux S, Ritter P, et al. Nonspecific intraventricular conduction delay: 469 

definitions, prognosis, and implications for cardiac resynchronization therapy. Heart 470 

Rhythm. 2015;12(5):1071-1079. 471 

28. Kroon W, Lumens J, Potse M, et al. In vivo electromechanical assessment of heart 472 

failure patients with prolonged QRS duration. Heart Rhythm. 2015;12(6):1259-1267. 473 

29. Nielsen JC, Bøttcher M, Nielsen TT, et al. Regional myocardial blood flow in patients 474 

with sick sinus syndrome randomized to long-term single chamber atrial or dual 475 

chamber pacing—effect of pacing mode and rate. Journal of the American College of 476 

Cardiology. 2000;35(6):1453-1461. 477 



30. Tse H-F, Lau C-P. Long-term effect of right ventricular pacing on myocardial perfusion 478 

and function. Journal of the American College of Cardiology. 1997;29(4):744-749. 479 

31. Tse H-F, Yu C, Wong K-K, et al. Functional abnormalities in patients with permanent 480 

right ventricular pacing: the effect of sites of electrical stimulation. Journal of the 481 

American College of Cardiology. 2002;40(8):1451-1458. 482 

32. Prinzen FW, Hunter WC, Wyman BT, et al. Mapping of regional myocardial strain and 483 

work during ventricular pacing: experimental study using magnetic resonance 484 

imaging tagging. J Am Coll Cardiol. 1999 May;33(6):1735-42. PubMed PMID: 485 

10334450; PubMed Central PMCID: PMCPMC2041911. 486 

33. Van Oosterhout MF, Prinzen FW, Arts T, et al. Asynchronous electrical activation 487 

induces asymmetrical hypertrophy of the left ventricular wall. Circulation. 488 

1998;98(6):588-595. 489 

34. Adomian GE, Beazell J. Myofibrillar disarray produced in normal hearts by chronic 490 

electrical pacing. American heart journal. 1986;112(1):79-83. 491 

35. Arkolaki EG, Simantirakis EN, Kontaraki JE, et al. Alterations in the expression of 492 

genes related to contractile function and hypertrophy of the left ventricle in 493 

chronically paced patients from the right ventricular apex. Ep Europace. 494 

2015;17(10):1563-1570. 495 

36. Al-Hesayen A, Parker JD. Adverse effects of atrioventricular synchronous right 496 

ventricular pacing on left ventricular sympathetic activity, efficiency, and 497 

hemodynamic status. American Journal of Physiology-Heart and Circulatory 498 

Physiology. 2006;291(5):H2377-H2379. 499 

37. Betocchi S, Piscione F, Villari B, et al. Effects of induced asynchrony on left 500 

ventricular diastolic function in patients with coronary artery disease. Journal of the 501 

American College of Cardiology. 1993;21(5):1124-1131. 502 

38. Bedotto JB, Grayburn PA, Black WH, et al. Alterations in left ventricular relaxation 503 

during atrioventricular pacing in humans. Journal of the American College of 504 

Cardiology. 1990;15(3):658-664. 505 

39. Kutyifa V, Stockburger M, Daubert JP, et al. PR Interval Identifies Clinical Respons e in 506 

Patients With Non–Left Bundle Branch BlockCLINICAL PERSPECTIVE: A Multicenter 507 

Automatic Defibrillator Implantation Trial–Cardiac Resynchronization Therapy 508 

Substudy. Circulation: Arrhythmia and Electrophysiology. 2014;7(4):645-651. 509 

40. Sharma AD, Rizo-Patron C, Hallstrom AP, et al. Percent right ventricular pacing 510 

predicts outcomes in the DAVID trial. Heart rhythm. 2005;2(8):830-834. 511 

41. Barold SS, Levine PA. Pacemaker repetitive nonreentrant ventriculoatrial 512 

synchronous rhythm. A review. Journal of interventional cardiac electrophysiology. 513 

2001;5(1):59-66. 514 

42. Barold SS, Herweg B. Conventional and biventricular pacing in patients with first-515 

degree atrioventricular block. Europace. 2012;14(10):1414-1419. 516 

43. Sweeney MO, Ellenbogen KA, Tang AS, et al. Atrial pacing or ventricular backup–only 517 

pacing in implantable cardioverter-defibrillator patients. Heart Rhythm. 518 

2010;7(11):1552-1560. 519 

44. Ricci RP, Botto GL, Bénézet JM, et al. Association between ventricular pacing and 520 

persistent atrial fibrillation in patients indicated to elective pacemaker replacement: 521 

Results of the Prefer for Elective Replacement MVP (PreFER MVP) randomized study. 522 

Heart Rhythm. 2015;12(11):2239-2246. 523 



45. Shurrab M, Healey JS, Haj-Yahia S, et al. Reduction in unnecessary ventricular pacing 524 

fails to affect hard clinical outcomes in patients with preserved left ventricular 525 

function: a meta-analysis. EP Europace. 2016;19(2):282-288. 526 

46. Glick H, Cook J, Kinosian B, et al. Costs and effects of enalapril therapy in patients 527 

with symptomatic heart failure: an economic analysis of the Studies of Left 528 

Ventricular Dysfunction (SOLVD) Treatment Trial. Journal of cardiac failure. 529 

1995;1(5):371-380. 530 

47. TRIAL S-H. CIBIS-II Trial. Lancet. 1999;353(9146):9-13. 531 

48. McMurray JJ, Packer M, Desai AS, et al. Dual angiotensin receptor and neprilysin 532 

inhibition as an alternative to angiotensin‐converting enzyme inhibition in patients 533 

with chronic systolic heart failure: rationale for and design of the Prospective 534 

comparison of ARNI with ACEI to Determine Impact on Global Mortality and 535 

morbidity in Heart Failure trial (PARADIGM‐HF). European journal of heart failure. 536 

2013;15(9):1062-1073. 537 

49. DAVY J, Hoffmann E, Frey A, et al. Near elimination of ventricular pacing in SafeR 538 

mode compared to DDD modes: a randomized study of 422 patients. Pacing and 539 

clinical electrophysiology. 2012;35(4):392-402. 540 

50. Sweeney MO, Ellenbogen KA, Casavant D, et al. Multicenter, prospective, 541 

randomized safety and efficacy study of a new atrial‐based managed ventricular 542 

pacing mode (MVP) in dual chamber ICDs. Journal of cardiovascular 543 

electrophysiology. 2005;16(8):811-817. 544 

51. Olshansky B, Day JD, Moore S, et al. Is dual-chamber programming inferior to single-545 

chamber programming in an implantable cardioverter-defibrillator?: Results of the 546 

INTRINSIC RV (Inhibition of Unnecessary RV Pacing With AVSH in ICDs) study. 547 

Circulation. 2007;115(1):9-16. 548 

52. Milasinovic G, Tscheliessnigg K, Boehmer A, et al. Percent ventricular pacing with 549 

managed ventricular pacing mode in standard pacemaker population. Europace. 550 

2008;10(2):151-155. 551 

53. Kolb C, Schmidt R, Dietl JU, et al. Reduction of right ventricular pacing with advanced 552 

atrioventricular search hysteresis: results of the PREVENT study. Pacing and Clinical 553 

Electrophysiology. 2011;34(8):975-983. 554 

54. Sweeney M. Search AV Extension and Managed Ventricular Pacing for Promoting 555 

Atrioventricular Conduction (SAVE PACe) Trial. Minimizing ventricular pacing to 556 

reduce atrial fibrillation in sinus-node disease. N Engl J Med. 2007;357:1000-1008. 557 

55. ISHIKAWA T, KIMURA K, MIYAZAKI N, et al. Diastolic mitral regurgitation in patients 558 

with first‐degree atrioventricular block. Pacing and Clinical Electrophysiology. 559 

1992;15(11):1927-1931. 560 

56. Schoeller R, Andresen D, Büttner P, et al. First-or second-degree atrioventricular 561 

block as a risk factor in idiopathic dilated cardiomyopathy. American Journal of 562 

Cardiology. 1993;71(8):720-726. 563 

57. Effect of metoprolol CR/XL in chronic heart failure: Metoprolol CR/XL Randomised 564 

Intervention Trial in-Congestive Heart Failure (MERIT-HF). The 565 

Lancet.353(9169):2001-2007. doi: 10.1016/S0140-6736(99)04440-2. 566 

58. Kramer DG, Trikalinos TA, Kent DM, et al. Quantitative Evaluation of Drug or Device 567 

Effects on Ventricular Remodeling as Predictors of Therapeutic Effects on Mortality 568 

in Patients With Heart Failure and Reduced Ejection Fraction. A Meta-Analytic 569 

Approach. 2010;56(5):392-406. doi: 10.1016/j.jacc.2010.05.011. 570 



59. Israel CW. Pacing-induced heart failure: should we avoid right ventricular pacing or 571 

not? EP Europace. 2017;19(2):165-168. 572 

60. Brignole M, Auricchio A, Baron-Esquivias G, et al. Document Reviewers. 2013 ESC 573 

Guidelines on cardiac pacing and cardiac resynchronization therapy: the Task Force 574 

on cardiac pacing and resynchronization therapy of the European Society of 575 

Cardiology (ESC). Developed in collaboration with the European Heart Rhythm 576 

Association (EHRA). Eur Heart J. 2013;34(29):2281-2329. 577 

61. Rubaj A, Rucinski P, Sodolski T, et al. Comparison of the Acute Hemodynamic Effect 578 

of Right Ventricular Apex, Outflow Tract, and Dual‐Site Right Ventricular Pacing. 579 

Annals of Noninvasive Electrocardiology. 2010;15(4):353-359. 580 

62. Kaye GC, Linker NJ, Marwick TH, et al. Effect of right ventricular pacing lead site on 581 

left ventricular function in patients with high-grade atrioventricular block: results of 582 

the Protect-Pace study. European heart journal. 2014;36(14):856-862. 583 

63. Da Costa A, Gabriel L, Romeyer-Bouchard C, et al. Focus on right ventricular outflow 584 

tract septal pacing. Archives of cardiovascular diseases. 2013;106(6-7):394-403. 585 

64. Saito M, Kaye G, Negishi K, et al. Dyssynchrony, contraction efficiency and regional 586 

function with apical and non-apical RV pacing. Heart. 2015;101(8):600-608. 587 

65. Ng AC, Allman C, Vidaic J, et al. Long-term impact of right ventricular septal versus 588 

apical pacing on left ventricular synchrony and function in patients with second-or 589 

third-degree heart block. American Journal of Cardiology. 2009;103(8):1096-1101. 590 

66. Stockburger M, Gómez‐Doblas JJ, Lamas G, et al. Preventing ventricular dysfunction 591 

in pacemaker patients without advanced heart failure: results from a multicentre 592 

international randomized trial (PREVENT‐HF). European journal of heart failure. 593 

2011;13(6):633-641. 594 

67. Weizong W, Zhongsu W, Yujiao Z, et al. Effects of right ventricular nonapical pacing 595 

on cardiac function: a meta‐analysis of randomized controlled trials. Pacing and 596 

Clinical Electrophysiology. 2013;36(8):1032-1051. 597 

68. Barba-Pichardo R, Moriña-Vázquez P, Fernández-Gómez JM, et al. Permanent His-598 

bundle pacing: seeking physiological ventricular pacing. Europace. 2010;12(4):527-599 

533. 600 

69. Kronborg MB, Mortensen PT, Gerdes JC, et al. His and para-His pacing in AV block: 601 

feasibility and electrocardiographic findings. Journal of interventional cardiac 602 

electrophysiology. 2011;31(3):255. 603 

70. Vijayaraman P, Dandamudi G, Lustgarten D, et al. Permanent his bundle pacing: 604 

Electrophysiological and echocardiographic observations from long‐term follow‐up. 605 

Pacing and Clinical Electrophysiology. 2017. 606 

71. Occhetta E, Bortnik M, Magnani A, et al. Prevention of ventricular desynchronization 607 

by permanent para-Hisian pacing after atrioventricular node ablation in chronic atrial 608 

fibrillation: a crossover, blinded, randomized study versus apical right ventricular 609 

pacing. Journal of the American College of Cardiology. 2006;47(10):1938-1945. 610 

72. Yu C-M, Chan JY-S, Zhang Q, et al. Biventricular pacing in patients with bradycardia 611 

and normal ejection fraction. New England Journal of Medicine. 2009;361(22):2123-612 

2134. 613 

73. Kindermann M, Hennen B, Jung J, et al. Biventricular versus conventional right 614 

ventricular stimulation for patients with standard pacing indication and left 615 

ventricular dysfunction: the Homburg Biventricular Pacing Evaluation (HOBIPACE). 616 

Journal of the American College of Cardiology. 2006;47(10):1927-1937. 617 



74. Martinelli FM, de Siqueira S, Costa R, et al. Conventional versus biventricular pacing 618 

in heart failure and bradyarrhythmia: the COMBAT study. Journal of cardiac failure. 619 

2010;16(4):293. 620 

75. Curtis AB, Adamson PB, Chung E, et al. Biventricular versus right ventricular pacing in 621 

patients with AV block (BLOCK HF): clinical study design and rationale. Journal of 622 

cardiovascular electrophysiology. 2007;18(9):965-971. 623 

76. Blanc J, Investigators BT, editors. Biventricular pacing for atrio-ventricular block to 624 

prevent cardiac desynchronization. Results presented at European Society of 625 

Cardiology Congress, Barcelona, Spain; 2014. 626 

 627 


