
             

 

   
     

      
   

 
   

 

             

 

   

 

   

 

              

            

             

            

            

           

      

 

  

           

  

 

  

            

             

          

 

 

  

           

               

      

  

Louis Jacques, MD 
Director, Coverage and Analysis Group 
Centers for Medicare and Medicaid Services 
7500 Security Boulevard 
S3-02-01 
Baltimore, MD 21244 

RE: A Formal Request for a NCD Reconsideration of Cardiac Pacemakers (NCD 20.8) 

December 18, 2012 

Dear Dr. Jacques: 

Please accept this letter as a formal request for reconsideration of the National Coverage 

Determination (NCD) for Cardiac Pacemakers (NCD 20.8). We appreciate the Centers for 

Medicare and Medicaid Services’ (CMS) receptiveness to the Heart Rhythm Society and the 

American College of Cardiology’s request to update the clinical indications for dual-chamber 

pacemaker implantation. Our request for revisions focus on the clinical indications for dual-

chamber pacemakers: Group II: Dual-Chamber Cardiac Pacemakers. We do not recommend 

additional modifications to the NCD. 

Item/Service Description 

Cardiac pacemakers are self-contained, battery-operated units that send electrical stimulation to 

the heart. 

Item/Service Use 

Cardiac pacemakers are generally implanted to alleviate symptoms of decreased cardiac output 

related to abnormal heart rate and/or rhythm. Pacemakers are generally used for persistent, 

symptomatic second- or third-degree atrioventricular (AV) block and symptomatic sinus 

bradycardia. 

Benefit Category 

The NCD affects benefit categories: Inpatient Hospital Services, Physician Services, and 

Prosthetic Devices, though this may not be an exhaustive list of all applicable benefit categories 

for this item or service. 



  

               

               

              

           

   

 

             

           

            

               

                 

                 

              

            

                 

             

             

                
        

 
       

           

  

         
        
         
        

 

             

            

                

  

 

                

                

         

            

              

                

               

             

          

               

             

Medical/Scientific Information 

In the recent past, the paucity of clinical guidance on pacemaker device and mode selection 

created an obstacle to revising the NCD for Cardiac Pacemakers to align with current clinical 

practice. We assert that the misalignment between the Medicare coverage policy and the 

current clinical guidelines has led to Medicare denials for dual-chamber pacemaker 

implantation. 

On July 30, 2012, the Heart Rhythm Society (HRS)-American College of Cardiology Foundation 

(ACCF) promulgated the HRS/ACCF Expert Consensus Statement on Pacemaker Device and 

Mode Selection. (Attachment A) This expert consensus statement and its supporting 

information were prepared in response to HRS and ACC’s meeting with the CMS Coverage and 

Analysis Group staff in August 2011 and a conference call in May 2012. Published in the 

August 2012 edition of Heart Rhythm, the statement provides a state of the art review of the 

field and reports the recommendations of a consensus writing group. The document focuses on 

pacemaker device and mode selection in the adult patient. The recommendations summarize 

the opinions of the expert writing group, based on an extensive literature review as well as their 

own clinical experience. Our view is that the consensus statement and supporting evidence 

endorse an expansion and clarification of coverage for the use of dual-chamber pacemakers. 

In July 2012, HRS and ACC submitted supporting information via a CD to the CMS Coverage 
and Analysis Group staff. That CD includes: 

1.	 Supporting Data Table of Contents (PDF); 

2.	 HRS/ACCF Pacemaker Expert Consensus Statement on Pacemaker Device and Mode 

Selection (PDF); 

3.	 Literature Abstracts from Expert Consensus Statement (PDF); 
4.	 Expert Consensus Reference Articles (Subfolder); 
5.	 Literature Abstracts from Environmental Scan (PDF); and 
6.	 Environmental Scan Reference Articles (Subfolder). 

As CMS received the supporting documentation in that July 2012 correspondence, this formal 

request for reconsideration includes the expert consensus statement and proposed revisions to 

the Group II indications. We will provide additional copies of the literature review and articles per 

request. 

On September 25, 2012 HRS and ACC staff met with CMS Coverage and Analysis Group Staff 

to determine the next steps to request the reconsideration of the NCD. Subsequent to the 

September meeting, HRS’s Subcommittee on Reimbursement and Regulatory Affairs 

(physicians and professional coders); the co-chairs of the HRS/ACCF consensus writing group 

and the current and immediate past presidents of HRS compared the existing coverage with 

Table I of the expert consensus statement. With the support of these medical experts and their 

analysis of the clinical and scientific evidence, HRS and ACC are submitting revisions to the 

existing NCD. These revisions include new indications as well as modifications to existing 

indications for Group II: Dual-Chamber Cardiac Pacemakers. These recommendations provide 

specificity for the clinical indications and link the clinical evidence for the indications to the 

relevant, supporting literature. (Attachment B) In addition to updating the indications to reflect 



              

         

 

               

           

     

 

 

 

  

 
      

   
   

 
      

 
    

 
 

 
           
           

 
   

   
  

   
  

  
 

current clinical practice, we removed ambiguity from the current indications. We hope that you 

and your staff find our approach valuable and effective. 

We look forward to our ongoing collaboration with you throughout this process. If you need 

additional information, please contact HRS’s Director of Reimbursement and Regulatory Affairs, 

Kimberley Moore at KMoore@hrsonline.org. 

Sincerely, 

Bruce L. Wilkoff, MD, FHRS 
Immediate Past President 
Heart Rhythm Society 

William A. Zoghbi, M.D., F.A.C.C. 
President 
American College of Cardiology 

Attachments: 

A: HRS/ACCF Expert Consensus Statement on Pacemaker Device and Mode Selection 
B: Proposed revisions to Group II: Dual-Chamber Cardiac Pacemakers 

cc:	 Laura Blum 
Rebecca Kelly 
Kimberley Moore 
Jyme Schaefer 
James Vavricek 

mailto:KMoore@hrsonline.org


Attachment A 

HRS/ACCF Expert Consensus Statement on Pacemaker Device and 
Mode Selection 
Developed in partnership between the Heart Rhythm Society (HRS) and the American College of 
Cardiology Foundation (ACCF) and in collaboration with the Society of Thoracic Surgeons 

Anne M. Gillis, MD, FHRS, 1 Andrea M. Russo, MD, FHRS, FACC, 2 

Kenneth A. Ellenbogen, MD, FHRS, FACC, 3 Charles D. Swerdlow, MD, FHRS, CCDS, FACC, 4 

Brian Olshansky, MD, FHRS, CCDS, FACC, 5 Sana M. Al-Khatib, MD, MHS, FHRS, CCDS, FACC, 6 

John F. Beshai, MD, FHRS, FACC/ Janet M. McComb, MD, FHRS, 8 Jens Cosedis Nielsen, MD, 9 

Jonathan M. Philpott, MD, 10
- Win-Kuang Shen, MD, FHRS, FACct 1 

From 1University of Calgary, Libin Cardiovascular Institute (!1' Alberta. Alberta, Canada. 2Cooper Medical School of 
Rowan University. Cooper Universit}' Hospital, New Jersey, USA, 3 Virginia Commonwealth University Medical Ce/ller. 
Vil~ginia, USA, .;David Geffen School (!f' Medicine at UCLA. Cal(f'ornia, USA. 5 University r~f Iowa Hospital. Iowa, USA, 
6Duke University Medical Center. North Caroli11a, USA, 7University t!f Chicago Hospitals, Iflinois. U.\'A. 11 Frcemon 
Hospital, Newcastle-upon-1)'ne. United Kingdom, 9Sk~:jby Hospital, Aarhus. Denmark, !!)Mid-Atlantic Cardiothomcic 
Surgeons. Virginia, USA, 11 Mayo Clinic College rd Medicine, Ari-:.;onu, USA. 
·Representing the Society of Thoracic Surgeons 

Introduction 
The most recent American College of Cardiology Founda
tion/ American Heart Association/Heart Rhythm Society 
(ACCF/AHA/HRS) guidelines related to pacemaker im
plantation were published as part of a larger document 
related to device-based therapy. 1 While this document pro
vides some comments on pacemaker mode selection and 
algorithms to guide selection, it does not provide specific 
recommendations regarding choices for single- or dual
chamber devices. Over the past 15 years multiple random
ized trials have compared a number of cardiovascular out
comes among patients randomized to atrial or dual-chamber 
pacing vs those randorniLed to ventricular pacing. The pur
pose of this 2012 consensus statement is to provide a state-· 

KEYWORDS AV block; Pacemaker mode; Sinus node disease 
ABBREVIATIONS ACCF = American College or Cardiology Foundation: 
AF '·"atrial fibrillation: AHA·'·" American Hearl Association; AV ''·c atrio
ventricular: CI = confide1KC interval: HR = hazard ratio; HRS = Heart 
Rhythm Society; ICD = implantable cardioverter detihrillator: 
QALY ·''· quality-adjusted life year: SND "'· sinus node dysfunction; 
VT = ventricular tuchycanlia (Heart Rhythm 2012;9:1344-1365) 

Appn.lVt:d by the Heart Rhythm Society Board of Trustees, the Amer
ican College of Cardiology Foundation Board or Trustet·s. the Society or 
Thoracic Surgeons. and the American Hearl Association Science Advisory 
and Coordinating Commiuee in Jum~ of 2012. The Heart Rhythm Society 
requests that this document he cited as follows: Gillis AM. Russo AM. 
Ellenbogen KA. Swerdlow CD. Olshanky B. AI-Khatib SM. Beshai JF. 
McComb JM. Nielsen JC, Philpott JM. Shcn WK. HRS/ACCF expert 
consensus statement on pacemaker device and mode selection. Heart
Rhvrhm 20 12;9: 1344-1365. Permissions: Modifications. altenuion. en
hancement and/or distribution or this document arc not pcrmiltcd without 
the expre" permission of the Heart Rhythm Society or the American 
College of Cardiology f'oundation. 

of-the-art review of the Held and to report the recommen
dations of a consensus writing group, convened by HRS and 
ACCr;·. on pacemaker device and mode selection. This doc
ument focuses on pacemaker device and mode selection in 
the adult patient; therefore, many of the recommendation~ 
may not be applicable to unique situations encountered in 
the pediatric population. These recommendations summa
rize the opinion of the consensus writing group. based on an 
extensive literature review as well as their own experience. 

This document should be used as a supplement to the 
published 2008 guidelines document, functioning as a guide 
to facilitate the selection or single- vs dual-chamber devices 
for patients \Vho already meet g.uidcli nc~ fur pacemaker 
implantation. 1 It should be emphasized that recommen
dations for device selection in the current document 
apply to situations where the clinical decision for pacing 
has already been made. In addition, specific reconunen· 
dations for cardiac resynchronit.ation therapy arc not ad
dressed in this document as the indications for cardiac 
resynchronization therapy have been published previously 
and guideline updates related to these inclicationf; are also in 
progress. :>.• J 

This document is directed to all health care professionals 
who are involved in the selection of devices and pacing. 
mode as well as the subsequent management ol' patients 
with pacemakers. 

All recommendations provided were agreed upon by at 
least 81 ?(• of the writing committee by anonymous vote. 
Writing group members were selected by HRS or ACCF 
based on their expertise in the field. The 11 participating 
cardiac electrophysiologists or surgeons include representa

1547-5271/$ -see rrontmatter r() 2012 Heart Rilythrn Sol"icty am\ the Amet&:r:m O>llege ni'Cardiolpgy Foundatinn http:!/ch.dni.<'r~/lll.lllll>/i.hnlmLctll2.1ll.li2r• 

http:!/ch.dni.<'r~/lll.lllll>/i.hnlmLctll2.1ll.li2r�
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tives from the United States, Canada, and Europe. The 
gruding system for class of indication and level of evidence 
was adapted from that used by the ACCF and the AHA.4 

However. it is important to state that this document is not a 
guideline. Nevertheless, we present recommendations with 
class and level of evidence designations to provide consis
tency with familiar guideline documents. 

CLassification of Recommendations 

• 	 Class 1: Conditions for which there is evidence and/or 
general agreement that a given pacing mode is bene11cial, 
useful and erti:x:tive. 
Class II: Conditions for which there is conflicting evi
dence and/or divergence of opinion about the usefulness/ 
eflicacy of a specific pacing mode. 

Class lla: Weight of evidence/opinion is in favor of 
usefuh1<~ss/eftkacy. 

Class lib: Usefulness/efficacy is less well established 
by evidence/opinion. 

I'll 	 Class Ill: Conditions for which there is conflicting evi
dence and/or general agreement that a pacing mode is not 
useful/effective and in some cases may be harmful. 

level of Evidence 

fl> 	 Level of Evidence A: Data derived from multiple ran
domized clinical trials or meta-analyses. 

• 	 Level of Evidence B: Data derived from a single random
ized trial or nonrandomiz.ed studies. 

" 	 Level of t!vidence C: Only consensus opinion of experts, 
case studies, or standard of care. 

l"he writing group was divided into three subgroups to 
rev it:·w aspects uf pacing mode selection for patients with 
1I) sinus node dysfunction (SND). (2) atrioventricular (AY) 

conduction block. and (3) other less common indications for 
pacing. All members of the writing group. as well as peer 
reviewers or the document, provided disclosure statements 
for all relationships that might be perceived as real or 
potential conflicts of interest. The:-.e tables are shown at the 
end or this document. 

1. Pacemaker Device and Mode Selection for 
SND 
Expert Consensus Recommendations (see Table I for a 
summary ol' consensus recommendations) 

Class I 

I. 	Dual-chamber pacing (DDD) or single-chamber atrial 
pacing (i\i\1 lis recommended over single-chamber ven
tricular pacing t Y VI) in patients with SND and intact A Y 
conduL"tion !Level of Evidence: Al. 5 9 

2. 	 Dual-chamber pacing i~ recommended over single
chamber atrial pacing in pntients with SND (Level of 
Fvide1Ke: B ). 10 

Class IIa 
/.;li 

l. 	 Rate adaptive pacing can be useful in patients with sig
nificant symptomatic chronotropic incompetence, and its 
need should be reevaluated during follow-up (Level of 

12Evidence: C). 11. 

2. 	 In patients with SND and intact AV conduction, pro
gramming dual-chamber pacemakers to minimize ven
tricular pacing can be useful for prevention of atrial 
fibrillation (AF) (Level of Evidence: B).u 

Class lib 

I. 	AAI pacing may be considered in selected patients with 
normal A Y and ventricular conduction (Level of Evi
dence: B). 14 .. 

16 

2. 	 Single-chamber YYI pacing may be considered in in
stances where frequent pacing is not expected or the 
patient has significant comorbidities that are likely to 
influence survival and clinical outcomes (Level of Evi

8dence: C).5. 

Class III 

I. 	Dual-chamber pacing or single-chamber atrial pacing 
should not be used in patients in permanent or longstanding 
persistent AF where efforts to restore or maintain sinus 

5 10 17 15rhythm are not planned (Level of Evidence: C). 1. · · • 

SND is the most common cause of bradyarrhythmias 
requiring pacing therapy in North America and Western 
Europe. Arrhythmias associated with SND include sinus 
bradycardia, sinoatrial block, sinus arrest, chronotropic in
competence, and tachycardia-bradycardia syndrome char
acterized by paroxysms of supraventricular tachyarrhyth
rnias (AF, atrial Hutter, atrial tachycardia) alternating with 
bradycardia or asystole. 17 Twenty percent of patients with 
SND will have some degree of AY block. 8 

Two important developments in the natural history of 
SND should be emphasized: A Y block and AF. 17

" 
19 The risk 

of developing A Y block following pacemaker implantation 
16 19 20within 5 years of follow-up is 3-35%. 15

• · · This risk 
varies with patient factors including age and comorbiclities 
and likely increases further over time and with the addition 
of medications that have negative dromotropic effects. In 
patients with SND, the incidence of clinical AF at the time 
of initial diagnosis has been reported to range from approx
imately 40·-··70Cit·.R.IO..:>I Among patients who do not have AF 
at initial diagnosis, the incidence of new AF in follow-up 
ranges from 3.9-22.31~·-:<.lo.~t During long-term follow-up, 
68fk of patients receiving a dual pacemaker for SND 
have had AF documented by device diagnostics. 21 The 
incidence of AF is significantly influenced by mode of 
pacing. percentage of ventricular pacing, and duration of 
follow-up. 17

· 
19

·" 
1 

In the absence of a reversible cause, the appropriate 
treatment for symptomatic SND is implantation of a pemw
nent pacemaker. Available pacing modes include dual
chamber (l)DD or DDll, ventricular single-chamber (YVl), 
and atrial single-chamber ( AAI ). Rate adaptive pacing may 

http:40�-��70Cit�.R.IO
http:nonrandomiz.ed
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Table 1 Consensus recommendations for device and mode selection apply to situations where the clinical decision for pacing has already been made. 

Class I Class IIa Class lib Class III 

Sinus Node 
Dysfunction 

1, Dual-chamber pacing (DOD) or single-chamber atrial pacing (AAI) is 
recommended over single-chamber ventricular pacing (VVI) in patients 
with SND and intact AV conduction (Level of Evidence: A) 

2. Dual-chamber pacing is recommended over single-chamber atrial 
pacing in patients with SND (Level of Evidence: B) 

1. Rate adaptive pacing can be useful in patients 
with significant symptomatic chronotropic 
incompetence and its need should be 
reevaluated during follow-up (Level of 
Evidence: C) 

2. In patients with SND and intact AV conduction, 
programming dual-chamber pacemakers to 
minimize ventricular pacing can be useful for 
prevention of atrial fibrillation (AF) (Level of 
Evidence: B) 

1. AAI pacing may be considered in 
selected patients with normal AV 
and ventricular conduction (Level 
of Evidence B) 

2. Single-chamber VVI pacing may 
be considered in instances 
where frequent pacing is not 
expected or the patient has 
significant comorbidities that 
are likely to influence survival 
and clinical outcomes (Level of 
Evidence: C) 

1. Dual-chamber pacing or single-chamber 
atrial pacing should not be used in 
patients in permanent or longstanding 
persistent AF in whom efforts to restore or 
maintain sinus rhythm are not planned 
(Level of Evidence: C) 

AV Node Disease 

Hypersensitive 
Carotid Sinus 
Syr:drom~ 

Hypertrophic 
Cardiomyopathy 

l. 	Dual-chamber pacing is recommended in patients with AV block 
(Level of Evidence: C) 

2. 	Single-chamber ventricular pacing is recommended as an acceptable 
alternative to dual-chamber pacing in patients with AV block who 
have specific clinical situations that limit the benefits of dual
chamber pacing. These include, but are not limited to, sedentary 
patients, those with significant medical comorbidities likely to 
impact clinical outcomes, and those in whom technical issues, such 
as vascular access limitations, preclude or increase the risk of 
placing an atrial lead (Level of Evidence: B) 

3. 	Dual-chamber pacing is recommended over single-chamber 
ventricular pacing in adult patients with AV block who have 
documented pacemaker syndrome (Level of Evidence: B) 

Long QT 1. Dual-chamber or atrial pacing compared to ventricular pacing is 
recommended for symptomatic or high-risk patients with congenital 
long QT syndrome (Level of Evidence: C) 

1. 	Single-lead. dual-chamber VDD pacing can be 
useful in patients with normal sinus node 
function and AV block (eg, the younger patient 
with congenital AV block) (Level of Evidence: C) 

2. 	VVI pacing can be useful in patients following 
AV junction ablation, or in whom AV junction 
ablation is planned, for rate control of AF due 
to the high rate of progression to permanent 
AF (Level of evidence B) 

1. 	Dual-chamber or single-chamber ventricular 
pacing can be useful for patients with 
hypersensitive carotid sinus syndrome (Level of 
Evidence: C) 

Neurocardiogenlc 1. Dual-chamber pacing can be useful for 

Syncope neurocardiogenic syncope (Level of Evidence: C) 


1. Dual-chamber pacing can he useful for patients 
with medically refractor;, symptomatic 
hypertrophic cardiomyopathy with significant 
resting or provoked left ventricular outflow 
obstruction \level of Evidence: C) 

1. 	Dual-chamber pacing should not be used in 
patients with AV block in permanent or 
longstanding persistent AF in whom efforts 
to restore or maintain sinus rhythm are not 
planned (Level of Evidence: C) 

1. Single-chamber AAI pacing is not 
recommended for patients ••,ith 
hypersensitive carotid sinus syndrome (Level 
of Evidence: C) 

1. Single-chamber AAI pacing is not 
recommended for neurocardiogenic syncope 
(Level of Evidence: C) 

1. Single-chamber (VVI or AAI) pacing is not 
recommended for patients ::lith medically 
refractory, symptomatir hypertrophic 
cardiomyopathy (Level of Evidence: C) 
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he programmed as required for symptomatic chronotropic 
incornp.:tence. The optimal pacing mode for patients with 
SND has generated much debate until the completion and 
publication of several landmark clinical trials reporting the 
superiority of atrial or dual-chamber pacing over ventricular 
pacing with regard to their effect on some clinical outcomes. 

Four major randomized clinical trials. specilically the 
Danish study, the Pacemaker Selection in the Elderly 
IPASE) study. the Canadian Trial of Physiologic Pacing 
(CTOPP). and the Mode Selection Trial (MOST), have 
compared atrial or dual-chamber pacing with ventricular 
pacing in patients with SND.5

-R.t-t These randomized con
trolled trials included mostly elderly patients (mean age 
72····76 years), many of whom had several comorbidities. 
PASE and CTOPP included a general pacemaker population 
with 429(: having SND. The vast majority of patients in 
these studies. randomized to atrial-based pacing, received 
dual-chamber devices. These trials are summarized in Table 
2 and Figure 1. When interpreting the results of these trials, 
some limitations should be considered. The crossover from 
one arm of the study to the other (typically VVI to DDD) 
was variable. ranging from less than 5% over 3 years in 
CTOPP, which required reoperation and addition of an 
atrial lead. to 37.6% over 3 years in MOST, which was 
accomplished simply by reprogramming the pulse generator 
to the DDD mode." R.l-l In addition. the percentage of atrial 
and ventricular pacing was not reported in the Danish study, 
CTOPP, or PASE." h.t-l A summary of the effects of padng 
mode on important clinical endpoints in these clinical trials 
is presented below. 

1.1. AF 
Atrial or dual-chamber pacing compared to ventricular pac
ing significantly reduced AF in the Danish. CTOPP, and 
MOST study populations with relative risk reductions of 
46%. 1tl%. and 21% respectively (Table 2).o-!>,t<l In 
CTOPP, a general pacemaker population, the number 
needed to treat to' prevent any AF over 10 years was 9 
patients, and in MOST the number needed to treat to prevent 
permanent AF over 3 years was l) patients. 17 A meta
analysis of these clinical trials (that also pooled data from 
the United Kingdom Pacing and Cardiovascular Events. 
UK-PACE. a trial that included only patients with AV 
block:') showed a highly significant 20% relative risk re
duction thazard ratio [HR] 0.80. 95% confidence interval 
ICll 0.7 2 O.l-19. P .00003 l in AF with atrial or dw!l
cil<lll1bcr pacing compared. to ventricular pacing (Figure 2).'J 
Device dia.t,!!Hlstics in atrial and dual-chamber pacemakers 
permit detection of episodes of AF that may not have been 
previously identi lied. thus facilitating a decision about the 
appropriateness of antithrombotic therapy based on risk for 
~tn>ke.''·~',i\lthough not the primary endpoint of the above 
randomi1.ed trials, prevention of AF is an important clinical 
outcome for clinicians to consider when making decisions 
about permanent pacing in patients with SND. This consid
eration is based upon the association of AF with an impaired 
quality of life and increased morbidity related to stroke and 

other clinical outcomes. as well as the cost of therapies to 
"' 

control AF and prevent or treat these problems (see Rec
ommendations Table I ). 25 

1.2. Stroke/Thromboembolism 

Although the Danish study showed a 53% relative reduction 

in the risk of systemic thromboembolism with AAI com

pared to VVI pacing, none of the other studies could repli

cate this finding (Table 2). However, the meta-analysis of 

the pooled data reported a significant reduction in the risk of 

stroke with atrial-based pacing (HR 0.81, 95% CI 0.67
0.99, P = .035; Figure 3).9 Such an effect is consistent with 

the reduction in AF observed with atrial or dual-chamber 

pacing. 


1.3. Heart Failure 

Compared with ventricular pacing (VVI), atrial pacing 

(AAl) improved the heart failure status of patients enrolled 

in the Danish study (Table 2). 14 ln MOST. heart failure 

occurred in 10.3% of the dual-chamber (DDDR) group and 

12.3 % of the ventricular pacing (VVIR) group (HR 0.82, 

95cf(. CI 0.63-·--1.06, P = .13).R However, after an adjusted 

analysis to address some imbalances in clinical characteris

tics between the two groups, hospitalization for heart failure 

was significantly lower with dual-chamber pacing than ven

tricular pacing (HR 0.73, 95% CI 0.56-0.95, P = .02). In 

addition, during follow-up in MOST, patients with dual

chamber pacing had a significantly lower heart failure score 

than patients with ventricular pacing (P <.001 ).x However. 

PASE. CTOPP, and the afore-mentioned meta-analysis 

failed to show a significant reduction in heart failure by 

atrial or dual-chamber pacing.6 ...') 


1.4. Mortality 

Except for the Danish study, 14 none of these randomi1.ed 

clinical trials showed a signillcant difference in cardiovas

cular mortality between atrial or dual-chamber pacing and 

ventricular pacing (Table 2).6

·
8

·
10 Likewise, the meta-anal


ysis of the pooled data demonstrated no significant t:educ

tion in mortality with atrial-based pacing compared to ven

tricular pacing (Figure 1 ).') 


1.5. Quality of life and Functional Status 
PASE, CTOPP. and MOST examined the effect of pacing 

5 26 7mode on the quality of life and functional status. · ·" 

CTOPP showed no significant effect of pacing mode on 
the quality of life. However. an improvement in exercise 
capacity. as assessed by the distance walked in 6 minutes, 
was observed in the atrial or dual-chamber pacing sub
group with a high degree of pacing.26

·
2

X.?.'J In patients 
with SND enrolled in PASE, dual-chamber pacing was 
associated with improved quality of life and cardiovas
cular functional status compared to ventricular pacing." 
lr1 MOST, dual-chamber pacing resulted in a sighiticant 
improvement in some subscales of quality of life as 
assessed by the SF-36 instrument. specifically role phys
ic<ll, role emotional, and vitalit.y. 27 

http:randomi1.ed
http:0.56-0.95
http:0.63-�--1.06
http:randomi1.ed
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Table 2 Major randomized controlled trials* 

Characteristics Danish study1 
' PASE5 CTOPP6 , MOST" OANPACE 10 UKPACE22 

Patient population SSS SSS plus AVB 555 plus AVB sss sss AVB 
Patients with SSS/AVB 220/0 175/232 1028/1540 2010/0 1415/0 0/2021 
i>'iean or median follow-up 5.5 1.5 3.5 2.8 5.4 3.0 

(yr) 6.4 (extended CTOPP) 
Pacing modes AAI vs. VVI ODOR vs. VVIR DDD/AAI vs. VVI(R) ODOR vs. VVIR AAIR vs. DOOR DDD(R) vs. VVI(R) 
Primary endpoint Composite of mortality. Health-related quality of life as Stroke or CV mortality All-cause mortality or nonfatal stroke All-cause mortality All-cause mortality 

thromboembolism and AF measured by the SF-36 
Secondary endpoints CV mortality, HF, and AVB All-cause mortality, nonfatal stroke, All-cause mortality, AF, Composite of all-cause mortality, Incidence of paroxysmal and chronic AF; HF; composite 

Af, and pacemaker syndrome H F hospitalization first stroke, first Hf; all-cause AF, stroke, HF, need for pacemaker of stroke, 
mortality; CV mortality; AF; reoperation transient ischemic 
pacemaker syndrome; health-related attack, or other 
quality of life; Minnesota Living with thromboembolism 
HF score 

Atrial fibrillation 24% AAI vs·35'fo VVI RRR 19% VVIR vs 17% ODOR, P = .80 Annual rate 6.6% WI vs 27.1% VVIR vs 21.4% ODOR, RRR 28.4% AAIR vs 23.0% DOOR, RRR Annual rate 3.0% 
46%. p = .012 5.3% DDD/AAI, RRR 18%, 21%, p: 0.008 27%, p = .024 VVI/VVIR VS 2.8% 

p = .05 DDD}DDOR, 
Extended CTOPP: Annual p = .74 
rate 5. 7% VVI vs 4.5% 
DDD/AAI. RRR 20.1%, 
p: .009 

Stroke/thromboembolism 12% AAI vs 23% VVI RRR Annual rate 1.1% VVI vs 4.9% VVIR vs 4.0% ODOR, RRR 18%, 5.5% AAIR vs 4.8% DOOR, RRR 13%, Annual rate 2.1% 
53%, p = .023 1.0% DDD/AAI, P = NS p = .36 p =.59 VVI/VVIR vs 1. 7°/0 

(Extended CTOPP: Remained DDD/DDDR, 
NS) p = .20 

Heart failure or Annual rate 3.5% VVI vs 12.3% VVIR vs 10.3% DOOR, RRR Annual rate 3.2% 

hospitalization for 3.1% DDO/AAI, RRR 7.9%, 18~1•. p = . 13 VVI/VVIR VS 3. 3% 
heart failure p =.52 ODD/DOOR, P = 

.80 
Mortality. all-cause 35% AAl vs 50% VVl RRR 17% VV! vs 16% ODOR, P = .95 Annual rate 6.6% VVI vs 20.5% VVIR vs 19.7% DOOR, RRR 29.6% AAIR vs 27.3% DDDR, RRR 6%, Annual rate 7.2% 

34°/,,, P .045 6.3% 000/AAI, RRR .9%, 3%, p = .78 p = .:.3 VVI/IJVIR vs 7.4% 

P = .92 (Extended CTOPP: DDD/DDDR. 
Remained NS) p =.56 

Cardiovascular mortality 17% Ml vs 34% VVI RRR 9.2% VVIR vs 8.5% ODOR, RRR 7%, Annual rate 3.9% 
53%. p = .0065 p = .61 VVI/VVIR VS 4.5% 

DDD/DDDR, 
p = .07 

•outcomes for AF, stroke/thromboembolism. heart failure. mortality, and CV mortality are listed as overall absolute event rates or mean annual event rates (when specified). 
AF o. atrial fibrillation: AVB ··- AV block: CV ·= cardiovascular: Hf ~ heart failure; NS ~ not significant; RRR ~ relative risk reduction: SSS = sick sinus syndrome. 
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Study Physrologrc Ventncular Wt% HR(95%CI] 
i 

Danish 3!¥110 571115 41 0 66 [0.44,0.99] ~ 
CTOPP 390<1094 '565/1474 40 8 092[081.1 OS)~ 
PASE 32/203 341204 2.9 0.94 (058. 1.52] 

_J_MOST 201}'1014 2041996 17.8 0 97(08.1.18]

•i UKPACE 393'1012 38711009 34.4 1 01 [0.86.1.16] 

Overall 10541'3433 124713796 100 0 95 [0.87.1 031 

0.1 OS 10 20 

Hazard Ratio 

f.';wors atrial"based padng Favors ventricular based pacing 

Figure 1 Elf~<l nf' pacing moue on all-cause mortality expressed as the hazard ratio (HR) and l)5'.lf, conJldencc interval (CI ), An HR < 1.0 is shown tu 

tile· kfl or the ,·enter line and i'avors atrial-based padng. Cis that cross I .0 signify a statistically nonsignificant effect. Reprinted with permission from Healey 

c'l al.'' 

1.6. Pacemaker Syndrome that result from loss of AV synchrony and occurrence of 
Pacemaker syndrome is the occurrence of ove11 symptoms, venuiculoatrial conduction or atrial contraction against closed 
such as fatigue. chest discomfort, dyspnea. cough. confu A Y valves in patients with an implanted pacemaker:10 Al
sion. presyncope, or syncope due to adverse hemodynamics though pacemaker syndrome may occur with any mode of 

Study Physiologic Ventricular Wt% HR[95%CI] 

Dansh 26'11 0 40/115 45 0 54 [0 33.0 89]I 
CTOPP 224/1094 367/1474 40.3 0 8 [0 68.0 95]-11-l 

t
PASE 35l203 38/204 5.3 091 [057.1.44] 

MOST 21711014 2701996 349 0 79 [0 66 0 94]-a- I 
UKPACE 98."1012 111/1009 .: 15.1 0.88 [0 67, 1.16] 

i 

60(}'3433 826/3798 100 0 8 [0.72.0.89]• 
Assoctation chr-square=17 71 P=2 6e-05 

["""'' '"'j'"'""'"'" "'""''1 

01 05 10 20 

Hazard Ratio 

Favors atrial-based pacing Favors ventricular based pacing 

Figure 2 Ll k,:t ol' pacing mod,· on atrial librillation expressed as the HR and 95'!{ Cl. An HR <. 1.0 is shown to the left of the cenkr line and favors 

atrial·h"''"' pacing. Cis that ,·ross l.tl signify a statistically nonsignificant effect. R,:printecl witl1 permission from Healey et al.'' 
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( 
Study Physiologic Ventricular 	 Wt% HA[95%CIJ 

Danish 121110 211115 	 75 0 54 [027.11]

I 
CTOPP 

PASE 

MOST 

6211094 

41203 

4111014 

9011474 

7/204 

49/996 

-tt 
l

-ltf

362 

25 

22 

0.92[067,1.27] 

055 (0 16,1 SS] 

0 82 [0. 54. 1 25] 

UKPACE 5611012 7211009 --+
I 

31 7 0.8[0 56.1.12] 

I 
Overall 17713433 239/3798 ~ 100 0.81 (067.0 99] 

I 
l 
iAssociation chi-square-4.44 p·O 035 i 

r 
01 	 0.5 10 2.0 

Hazatd Ratio 

Favors atrial-based pacing Favors ventricular based pacing 

Figure 3 Effect of pacing rnode on stroke expressed as the HR and 95°k Cl. An HR < 1.0 is shown to the left of the centl'r lin<! and favor> atrial·bHscd 
pacing. Cis that cross 1.0 signify a statistically nonsignificant effect. Reprinted with permission from Healey et al.'' 

pacing. it is most common with ventricular pacing in the VVI 
mode in patients who are in sinus rhythm. One randomized 
clinical trial compared 16 different symptoms and hemody
namic pm·ameters among 40 patients in sinus rhythm who were 
randomly programmed to the VVI mode or the DDD mode. 
Patients were blinded to the mode of pacing. Twelve of sixteen 
symptoms were significantly worse in the VVT mode, with a 
mean symptom score of 29.0 :1:: 26.1 in the VVI group com
pm·ed with 7.3 ::!:: 12.4 in the DDD or DDI group (P <~ .{)() 1). 
Importantly. pacemaker syndrome was clinically recognized in 
83% of patients paced in the VVl mode; 6SCk of all patients 
experienced development or exacerbation of moderate to 
severe symptoms in the VVI mode compared with the dual
chamber pacing mode. 11 Some of these symptoms may have 
been dependent on the underlying baseline or sensor-driven 
ventricular rate among patients programmed in the VV! 
mode.n In some patients. pacemaker syndrome can be pre
vented by programming backup VVT pacing at a lower ven
tticular rate. 

Many small early crossover studies of dual-chamber vs 
VVI pacing. which evaluated quality of life and functional 
capacity, consistently showed a marked benellt and prefer
ence for DDD pacing compared to VVI pacing. In the PASE 
trial, 26% of the patients randomized to VVIR pacing 
needed to crossover to dual-chamber pacing due to severe 
pacemaker syndrome. u A significant improvement in the 
quality of life was observed in these patients with reestab
lishment of A V synchrony. In MOST. 3~ 1:~· of patients in the 
ventricular pacing group had their pacemakers repro
grammed to the dual-chamber pacing mode for symptoms 
believed to be due to pacemaker syndrome.x Of the 996 

patients randomized to VVIR pacing, 182 ( l8.Yk) devel
oped severe pacemaker syndrome during follow-up that 
improved with reprogramming the device to DDDR pac
ing.'' A systematic review of the literature conducted by the 
Cochrane Collaboration reported a significant reduction in 
the symptoms of pacemaker syndrome asso<.:iated with the use 
or dual-chamber pacing, compm·ed to ventlicular pacing. for 
both parallel and crossover design studies.14 A I imitation 11f 

this analysis is the inclusion of patients with both SND and A V 
block indications for pacing. It is irnpo1tant to emphasi/c that 
no baseline parameter or data obtained at pacemaker implan
tation can be used to reliably predict the occu1Tence of clini
cally significant pacemaker syndrome.'''-'<• Although a blood 
pressure drop of 2::20 mm Hg associated with syrnptoms ha~ 
been used as a detinition of pacemaker syndrome. ;1 drop in 
systoli<.: blood pressure during ventricular pacin!:! at implanta
tion did not predict development of pacemaker ~ynummt' dur
ing follow-up in MOST. 11 

1.7. Deleterious Effects of Right Ventricular 
Pacing 
Several studies have reported deleterious effect:-, nf ri,[!ht 
ventricular pacing. including an increased risk of develop
ing heart failure and an increased burden of AF. ~~.n 10 

Right ventricular apical pacing may cause ventricular dys
function by creating ventricular dyssyn<.:hrony due to an 
abnormal activation sequence. >•J .. ~" In 50 patients with SND 
randorni;:ed to AAIR or DDDR pacing. dyssynchrony was 
more pronounced in the DDDR group than in the AAIR 
group at 12 months (P <.05), reflecting a significant in .. 
crease in dyssynchrony in the DDDR group without change 

http:studies.14
http:chi-square-4.44
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in the AAIR group. Len ventricular ejection fraction de
creaseJ significantly in the DDDR group from baseline to 
12 months (63.1 :!:: 8% vs 59.3 ::!:: 8%, P <.05), while left 
ventricular ejection fraction remained unchanged in the 
AAIR group (61.5 ::!:: ]]1)'1! vs 62.3 ::!:: 7°/c. P = NS), thus 
supporting the concept that some degree of ventricular pac
ing may promote structural remodeling in the ventricle.4 ~ 

In a clinical trial of 225 patients randomized to atrial 
single-chamber pacing vs ventricular single-chamber pac
ing, ventricular pacing was associated with a higher risk of 
heatt failure. 11 In a post-hoc analysis from MOST. a high 
cumulative percentage of ventricular pacing in 1339 pa
tient:, with a QRS < 120 ms was found to be associateJ with 
an increased risk of heart failure hospitalization and AF. 37 

As indicated by the results of the Danish Multicenter Ran
domized Trial on Single Lead Atrial Pacing versus Dual
Chamber Pacing in Sick Sinus Syndrome (DANPACE) 
trial. most patients with SND have normal left ventricular 
function and tolerate some degree of right ventricular pacing 
without developing heart failure during long-tem1 follow-up. 10 

Although not a study of the pacemaker population, the Dual
Chamber and VVI Implantable Defibrillator (DAVID) trial 
demonstrated that right ventlicular pacing increased the com
bined endpoint of death or hospitalization for heart failure in 
patients with standard indications for implantable cardioverter 
detibrillator (!CD) therapy and left ventricular dysfunction but 
no indication for cardiac pacing?~ From the above studies. the 
percentage of right ventriculm· pacing that has been implicated 
a~ potentially resulting in a higher risk of heart failure or AF 
is >40····50'/r. n .. J.'i ·'' 

Thus, there is strong evidence that a high proportion of 
right wntricular pacing. particularly in patients with some 
degree or left ventricular systolic dysfunction, is detrimen
tal, and t~very altt~mpl should be made to minimize it. The 
detrimental erti..'ch of right ventricular pacing may be min-
imal in patients without signilkant structural heart disease 
but are likely amplilied in patients vvith clinical heart failure, 
a high percentage of right ventricular apical pacing, and 
evidence or left ventricular systolic dysfunction. Minimiz
ing right ventricular pacing may be achieved effectively by 
programming longer A V delays (eg. 220-250 ms) or im
planting pacemakers that have specific algorithms for min
imil.ing ventricular pacing. 17 

Ax Such algorithms have been 
shown to substantially reduce the percentage of ventricular 
pacing in both patients with SND and A V block indications 
fpr pacing."F' Algorithms that reduce the cumulative per
centage of ventricular pacing also have been reported to 
lower the burden of AF and the development of persistent 
;\F during follow-up.' ~.4x In a retrospective study of 102 
patients older than 75 years with SND, dual-chamber pace
maker~ with,.an algorithm to minimi;e ventricular pacing were 
<t~~uciated with a !ewer number of heart failure episodes and a 
lower ri~k ,)r mortality than conventional dual-chamber de
icc~. •tl The optimal programming algorithm for minimizing 

n:ntricttlar pacing and optimizing clinical outcomes is un
h-nmvn. l Jse ulthese algorithms may be inappropriate in pa

tients with a long baseline PR interval or in whom atrial pacing 
results in a long PR interval (>250ms).51 Programming to 
minimize unnecessary right ventricular pacing may include 
turning off rate response in patients with single-chamber ven
tricular devices or turning off the rate responsive A V delay in 
patients with dual-chamber devices if these features are not 
deemed beneficial for a specific patient. 

1.8. Is There a Role for Single-Chamber Atrial 
Pacing in SND? 
The recently published DANPACE trial supports the pref
erential choice of a dual-chamber pacing system to an AAI 
pacing system for patients with SND and preserved A V 
conduction (see Recommendations Table 1 ). 10 Reasons for 
preferring DDD pacing to AAl pacing are the relatively 
high risk of A V conduction disease at baseline (up to 201Yo ), 
the progressive risk of developing A Y block during follow
up, and the risk of a significant complication associated with 
an operative revision from single-chamber atrial to dual
chamber pacing necessitated by the development of A Y 
block in this population.8

·' 
0 In DANPACE, 1415 patients 

with SND were randomized to DDDR pacing or AAIR 
pacing. 10 The criteria for enrollment into DANPACE in
cluded aPR interval :.S220 ms if aged 18 ···-70 years or <260 
ms if aged > 70 years. and a QRS duration < 120 ms. 
Exclusion criteria included A Y block or bundle branch 
block. After a mean follow-up of 5.4 years. no difference 
was observed with respect to the primary endpoint-death 
from any cause····-·between the two treatment arms. AF oc
curred more commonly with AAIR pacing than with DDDR 
pacing (HR 1.27, P = .02), and the risk of pacemaker reop
eration in the AA!R group was twice as high when com
pared with the DDDR group. A total of 9.3c;t. of patients 
(1.7% per year) randomized to A.A.IR pacing needed an 
operative revision to a dual-chamber pacing system during the 
study petiod despite careful patient selection. The risk of de
veloping AY block over 34.2 months of follow-up after im
plantation of an AAI pacemaker in candidates considered 
"suitable" for this pacing mode was 8.4c:t, and this risk is 
predicted to increase over a longer duration of follow
up.15·1<'19·20 No differences between the two treatment arms 
were observed with respect to stroke or the development of 
heart failure. Considering the risk of A Y block with single-lead 
ati·ial pacing. together with the documentation tJmt atrial pacing 
has no beneficial effect on long-term clinical outcomes com
pared with dual-chamber pacing, plus the incremental compli
cations related to an operative revision to a dual-chamber 
pacing system. dual-chamber pacing is preferable to atrial 
pacing in SND. 

Previous studies have indicated that frequent ventricular 
pacing even in an A Y synchronous pacing mode increases 
AF. 1~ It was therefore an unexpected finding in the DAN
PACE trial that AF was significantly less common with 
DDDR pacing than with AAIR pacing. The use of rnoder
ately prolonged and individualized A V intervals in the 
DDDR group in the DANPACE trial may help explain this 
finding. Programming of a moderately prolonged A V inter

l 
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val results in minimal ventricular pacing when the patients 
have normal intrinsic A V conduction and prevents very 
prolonged A V conduction, which also has been associated 
with AF.51 

·
52 Furthermore, very short AV intervals truncat

ing the atrial emptying may also be associated with atrial 
dilatation and should be avoided. ln addition, a recent meta
analysis of four clinical trials suggests that a high proportion 
of atrial pacing may increase the risk for AF. 53 Although the 
DANPACE trial suggests that the use of AAlR pacing or 
pacing modes mimicking AAI would not significantly re
duce AF compared to DDDR pacing with the pacemaker 
programmed with a moderately prolonged and individual
ized A V interval, the need to minimize atrial pacing by 
eliminating rate adaptive programming unless deemed clin
ically essential must be considered. lt is also important. to 
emphasize that some algorithms that result in excessive 
prolongation of the AV interval may be detrimental under 
certain clinical circumstances. and thus the use of these 
algorithms must be individualized.' ~54 These algorithms 
may result in exaggerated A V delays resulting in pacemaker 
syndrome as a consequence of atrial contraction early in 
diastole. 17 Timing cycles in the Managed Ventricular Pac
ing (MVP) mode are ventricular based and under some 
circumstances (eg. ventricular premature beat), noncompet
itive atrial pacing will extend the V-A interval resulting in 
an extension of the next atrial pacing intervaL The relative 
bradycardia or the occurrence of short-long-short ventric
ular sequences have been reported to cause ventricular 

7proarrhythmia. 55··· 5

Early clinical trials reported a relatively low rate of 
progression to high-grade A V block in patients selected for 
AAI pacing. 15

•
16 Since DANPACE included predominantly 

elderly patients, an AAI pacing system might be considered 
in the younger patient (ie, <70 years at time of first implant) 
with SND and no evidence ol' A V or ventricular conduction 
abnormality who may expect a number of pacing system 
revisions over decades of follow-up (see Recommendations 
Table I) However, later development of A V block cannot 
be predicted. 

1.9. Single-Chamber Ventricular Pacing in SND 
None of the randomized trials of dual-chamber pacing vs 
single-chamber ventricular pacing have reported a substan
tial benefit of the dual-chaniber pacing mode on survival or 
stroke.<>.K.Io Backup VVl pacing may be considered in the 

patient with nom1al ventricular function not expected to 
require frequent pacing. Backup VVI pacing may also be 
considered in the sedentary patient who is not likely to 
require frequent pacing, the patient with significant comor
bidities that will influence survival and other clinical out
comes, as well as in patients in whom venous an.:ess is an 
issue. Dual-chamber pacing is not beneficial. and single
chamber ventricular pacing is indicated in patients with 
permanent AF or longstanding persistent AF if no attempt to 
restore sinus rhythm is planned (see Recommendations Ta
ble 1). 

1.10. Rate Adaptive Programming 
Chronotropic incompetence is common in patients with 
SND and may evolve as part of the natural history of' the 
disease, particularly if A V nodal drugs or other negatively 
chronotropic medications are required to manage atrial 
tachyarrhythmias. All contemporary pacemakers have sen
sor systems and are able to provide rate adaptive pacing. 
Rate adaptive pacing was used predominantly, but not ex
clusively, in all of the randomized trials that included pa

8 10tients with SND.5
- · Although some clinical trials have 

reported a benefit of rate adaptive pacing on exercise toler
ance over the short term, the long-term benefit is the subject 
of debate. One trial evaluated whether dual-chamber rate 
adaptive pacing improved quality of life compared with 
dual-chamber pacing alone. 12 A total of 872 patients with 
moderate chronotropic incompetence were included and 
randomized into the two arms and followed for I year. 
Moderate chronotropic incompetence was dellned as a 
blunted heart rate response not exceeding 8()(;~,:, of maximum 
predicted heart rate (220 .... age) at peak exercise having 
completed at least t.wo stages of exercise te&t.ing using a 
modified Bruce protocol. No difference between the two 
treatment arms was observed with respect to the primary 
endpoint-quality of life. Patients with rate modulation had 
a higher peak exercise heart rate after 6 months. but total 
exercise time was not increased with rate modulation. Fur
thermore, more hospitalizations for heart failure were ob
served in the group treated with rate adaptive pacing com
pared to the group without rate adaptive pacing (7.Yir vs 
3.5cl(., P <.01). Based on these data and the concern that 
more atrial pacing may increase the risk of AF.'" rate 
adaptive programming is recommended only for patients 
with evidence of significant symptomatic chronotropic in
competence and demonstrated improvement following pro
gramming the rate adaptive feature. The need for rate adap
tive pacing should be reassessed as part of routine follow-up 
since chronotropic incompetence may evolve over time (see 
Recommendations Table I ). 

2. Pacemaker Device and Mode Selection for 
AV Block 
Expen Consensus Recmnmendatim1s (see Table I for a 
sumnwl)' of consensus recommendations) 

Class I 

I. 	Dual-chamber pacing is recommended in patients with 
AV block (Level of Evidence: C).-~c 

"l 	 Single-chamber ventricular pacing is recommended a~ 
an acceptable alternative to dual-chamber pacing in 
patients with A V block who have specific clinical 
situations that limit t.he benefits of dual-chamber pac· 
ing. These include, but are not limited tn, "edentary 
patients, those with significant medical comorbidities 
likely to impact clinical outcomes. and those in whom 
technical issues. such as vascular access limitations. 
preclude or increase the risk of placing ;m atrial lead 
(Level of Evidence: B). 22 

http:stroke.<>.K.Io
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3. 	 Dual-chamber pacing is recommended over single
chamber ventricular pacing in adult patients with A V 
block who have documented pacemaker syndrome 
(Level or Evidence: B).·"· 14

'
61 

Class IIa 

I. 	 Single-lead. dual-chamber VDD pacing can be useful in 
patients with normal sinus node function and A V block 
(eg. the younger patient with congenital A V block) 

1(Level of Evidence: C>.:'i85
'

2. 	 VVl pacing can be useful in patients following A V 
junction ablation. or in whom A V junction ablation is 
planned. for rate control of AF due to the high rate of 
progression to permanent AF (Level of Evidence: B).R<>-H9 

Class III 

I. 	 Dual-chamber pacing should not be used in patients with 
A V block in permanent or longstanding persistent AF in 
whom efforts to restore or maintain sinus rhythm are not 
planned (level of Evidence: C). 1 

Pacemakers with ventricular pacing capabilities are in
dicated in patients with A V conduction disturbances that 
include various degrees of intermittent or permanent A V 
block and selected patients with bifascicular block who 
have documented or presumed intermittent A V block. 1 Al
though a patient may present with complete heatt block, A V 
conduction may resume and the need for pacing may be 
ink•rmittent over time.''' Nevertheless. recent clinical data 
~how that a tllH11ber or patients with intermittent A V con
duction abnormalities progress to comr)lete heati block over 
longer-term follow-up. t'i .. bo Patients with A V conduction 
disea~e and left ventricular dysfunction and some patients 
whu will be paced in the ventricle most of the time may 
benefit rrorn cardiac resynchronization therapy. As stated in 
the introduction, indications for cardiac resynchronization 
therapy have been published previously, and guideline up
date~ related to these indications are also in progress.'-\ 
Thus. specific recommendations for cardiac resynchroniza
tion therapy are not addressed in this document. 

The minimum requirement for pacing in A V conduction 
disease i~ to prevent symptoms secondary tn bradycat:dia. 
Ideally. pacing should restore AV synchrony without ad
versely affecting ventricular synchrony. In patients with 
nonnal simt.~ node function. VDD pacing restores both A V 
synchrony and chronotropic competence. Single-chamber 
rate adaptive ventricular pacing also restores chnmotropic 
competence. but not A V synchrony. A V synchrony contrib
ute~ signiticantly to cardiac output. especially at rest and 
durin)! lmvn levels or exercise. It increases stroke volume 
by a~ tntll:h as :1Wi and may decrease left atrial pressure by 

1 up I'' 2:'ir:i. '' " Patients with diastolic dy~function. such as 
tiHhL' \\'itll ~igniticant left ventricular hypertrophy. who de
pend un (lptimil.cd preload. likely derive the most benefit 
from ;\V .~ynchrony .''2 

"' 

As 	dis,;us,.ed previously. ventricular pacing can cause 
ad\'crse hemodynamic effects due to ventriculoatrial con

duction or atrial contraction against closed A V valves. re
sulting in pacemaker syndrome. 10 Sh01tly after the intro
duction of dual-chamber pacemakers. several randomized 
controlled short-term studies reported that dual-chamber 
pacing resulted in improved symptom scores and less pace

32maker syndrome compared with ventricular pacing.30
• .64 

Based on these studies, dual-chamber pacemakers were 
widely adopted in preference to single-chamber pacemakers 
for the treatment of patients with A V conduction disease. 

The optimal pacing mode for patients with A V conduc
tion disease has been the subject of debate. Three m~jor 
randomized clinical trials (PASE, CTOPP. and UKPACEl 
have compared dual-chamber pacing to single-chamber 

7 22ventricular pacing in patients with A V block.5
- · These 

randomized controlled trials included mostly elderly pa
tients (mean age 73-80 years) and many with comorbidi
ties. PASE and CTOPP also included patients with SND, 
49% and 51 ('fc) had A V block as the primary indication for 
pacing, respectively. Only UKPACE was limited to patients 
paced for AV conduction disease. UKPACE22 enrolled 
2021 elderly patients (mean age 80 :::':: 6 years) and random
ized them to dual- or. single-c):mmber ventricular pacing. The 
ventricular pacing cohort was also randomized to fixed-rate 
ventricular pacing or rate adaptive pacing. At entry, 209(, of 
patients were asymptomatic, and 38% had intennittent A V 
block. For the 65% of patients in whom data were available. 
the percent of ventricular paced beats was significantly lower 
for single-chamber vs dual-chamber pacemakers (93% vs 
99cfc., P <:.001 ). Neither CTOPP nor PASE was powered to 
specifically assess clinical outcomes in the subgroup of pa
tients with an A V block indication for pacing, and neither 
showed a significant advantage of dual- or single-chamber 
pacing for most outcomes measured. The effects of pacing on 
important clinical outcomes in patients with A V block as a 
result of these clinical trials m·e summaiized below. 

2.1. AF 
Atrial or dual-chamber pacing compared to single-chamber 
ventricular pacing in the CTOPP population overall signif

7icantly reduced the risk of AF. 0 
· The incidence of AF is 

lower in patients with an A V block indication for pacing 
compared to those with a SND indication for pacing21 In 
CTOPP patients with an A V block indication for pacing 
were less likely to progress to permanent AF compared to 
those with a SND indication for pacing.65 In UKPACE. 
which included only patients with A V conduction system 
disease. the annual event rates for developing AF were 
similar in the dual-chamber and ventricular pacing groups 
(2.WJi/yr and 3.0Ck/yr. respectively) (Figure 2 l. 22 

2.2. Stroke/Thromboembolism 
Dual-charnber pacing. compared with single-chamber ven
tricular chamber pacing. did not reduce the risk of stroke or 
systemic thromboembolism in either CTOPP or UKPACE 

22(Figure 3)."·7 
· 
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2.3. Heart Failure 
Dual-chamber pacing, compared with single-chamber ven
tricular chamber pacing, did not reduce the risk or heart 
failure in either·CTOPP or UKPACE.6 

·
22 

2.4. Mortality 
Dual-chamber pacing. compared with single-chamber ven
tricular chamber pacing, did not reduce the risk of death 
from all causes or from cardiovascular causes in either 
CTOPP or UKPACE (Figure I ).6

·
22 

2.5. Exercise Capacity 
Shortly after the introduction of dual-chamber pacemakers. 
shmt-tenn studies reported that dual-chamber pacing re
sulted in improved exercise tolerance compared with fixed
rate ventricular pacing.66 However, few studies comparing 
dual-chamber and rate adaptive ventricular pacing have 
shown similar benefit. Sulke et a1 67 performed a crossover 
study of 22 patients implanted with dual-chamber rate adap
tive pacemakers for high-grade A V block. These authors 
reported improved exercise time. functional status, and 
symptoms with DDDR compared with VVIR pacing. as 
well as a strong patient preference for the DDDR pacing 
mode.h7 In contrast, most crossover studies reported no 
significant increase in exercise tolerance when dual-cham
ber pacing was compared with the VVlR pacing.fl~-7 .. 1 ln 
CTOPP. an improvement in exercise capacity a'i assessed by 
the distance walked in 6 minutes was observed in a sub
group of patients randomized to atrial or dual-chamber 
pacing who had a high degree of pacing. 29 

2.6. Quality of life 
Small. randomized crossover studies have reported signill
cant differences in quality of life, with most individual 
patients preferring dual-chamber to single-chamber pacing 
(fable 3). 1 1. 67--x<~ These studies included patients who were 
capable of exercising, and many had been paced in the 
dual-chamber mode at the time of study enrollment. Patients 
who were recruited after a period of dual-chamber pacing. 
or patients who were randomized to dual-chamber pacing 
first. were more I ikely to request early crossover from 
single-chamber to dual-chamber pacing. In one study. patients 
with no rep01ted symptoms attributed to single-chamber 
ventricular pacing were revised to dual-chamber pacing at 
the time of generator change. Despite their being asymp
tomatic before crossover, their symptom scores improved 
after initiation of dual-chamber pacing. 7 ~ 

Although it is clear that the majority of patients who 
have already experienced pacing, either dual-chamber or 
ventricular, prefer dual. neither PASE5 nor CTOPP2 

(i re
ported significant differences in quality of life between 
single- and dual-chamber pacing in patients with A V block. 
A detailed analysis of quality of life in these two random
ized studies of pacing mode confirmed that pacing clearly 
improved quality of life over no pacing. but it did not show 
a difference between dual- and single-chamber pacing. 5

·
2

(] 

The~e data suggest that the effect of pacing mode on quality 

of life depends on various factors, including the order PI' 
testing, the patient population, and the l'ollow·-UP duration. For 
example, pacing mode may be more important in younger. 
active patients with few comorbiclities than in patients whose 
quality of life may be strongly inlluenced by comorbidities. 
such as the patients enrolled in the PASE study. 

2.7. Pacemaker Syndrome 
Previous studies. including a meta-analysis of patients with 
SND and A V block. repented a significant reduction in 
pacemaker syndrome with dual-chamber pacing compared 
to single-chamber ventricular pacing (see Reconunenda.. 
tions Table I and Table 3)_:•:u.. 1.()7-

74 However. as indicated 
previously. crossover to dual-chamber pacing is heavily 
influenced by whether this can be accomplished by repro
gramming alone in the presence of a dual-chamber pace
maker or by a surgical intervention. For example. in PASE, 
all patients received a dual-chamber pacemaker. and 269f-. of 
patients randomized to ventricular pacing were considered 
to have pacemaker syndrome sufticiently severe to neces~i
tate reprogramming the pacemaker from the VVI to DDD 
mode.5 About half of the patients who had pacemaker syn·
drome and reprogramming to the DDD mode had A V 
block.5 Functional status. assessed by SF-36, improved after 
crossover in all patients." In contrast, in CTOPP. only 7r,; 

of patients who were implanted with single-·chamber 
pacemakers and followed over 6 years undenvent rcop
eration for revision to a dual-chamber pacing system 7 

This apparent difference in incidem:e may reflect vari
ability or the reliability of the diagnosis. It may also 
rellect the preference of patients and/or physicians to 
consider a pacing system revision only for severe symp
toms if this requires a reoperation. 

2.8. Pacing Mode after AV Junction Ablation 
Catheter ablation of the A V node to produce complete heart 
block combined with permanent pacing is a recognized 
treatment to control the heart rate and alleviate symptoms in 
patients with medically refract01y AF. Although this procedure 
is most often utilized in patients with persistent or permanent 
AF. A V junction ablation and pacing is also an accepted 
treatment for patients with drug-refractory paroxysmal AF.'' 
However, 16 --359(: of patients develop permanent AF within 
the !irst 6 mont.hs after A V junction ablation. xt. ..-'' 1~md thi.'i rate 
continues to increase during long-term lilllow-up.~'•NK.X'' The 
progression of AF has been attributed to the ces~ation ol' 
antiarrhythmk drug therapy: however, even with continued 
antiarrhythmic drug therapy the incidence ol permanent AI: 
is high alier A V junction ablation. '"')O Thi:-. high incidence 
of permanent AF may be due l.o the unfavorable ncurohu .. 
moral or hemodynamic cotbequence;, or ablatinn and/or thL' 
impact of right ventricular pacing. 1'

1 Based on the high rate 
of progression to persistent or permanent AF following /\ V 
junction ablation, single-chamber ventricular pacing is <111 

appropriate mode of pacing for the majority of patient~ 
undergoing this procedure (see Recommendations Table I). 

http:pacing.66


Table 3 Comparison of symptom score and patient preference in randomized crossover trials of pacing mode in patients with AV conduction disease: single- vs dual-chamber 
pacemakers 

Study n Age Pacing indication Symptoms Patient preference 

Studies comparing physiological pacing with fixed-rate VVI pacing 
Perrins 1983 (75) 13 65 (32-87) years AV block Symptoms and exercise tolerance improved with physiological More patients preferred VDD 

(VDD) pacing compared with VVI 
Heldman 1990 (31) 40 Not stated Not stated Symptoms worse in VVI mode compared with dual-chamber 65% had moderate or 

pacing severe symptoms and 18% 
mild symptoms in VVI 
compared with DDD 

Sulke 1992 (78) 16 41-84 years AV block Fewer symptoms in DDD compared with VVI 69% preferred DOD, VVI 
least acceptable in 50% 

Avery 1994 (69) 13 > 75 years AV block Fewer symptoms and increased exercise tolerance with dual Physiological dual-chamber 
chamber physiological pacing compared with ventricular pacing preferred 
pacing 

Channon 1994 (70) 16 77-88 years AV block Fewer symptoms and improved exercise ability with ODD 3 patients requested early 
compared with VVI pacing reprogramming from VVI; 11 

of 16 preferred DOD 
Studies comparing physiological pacing with rate adaptive VVIR pacing 
Sulke 1991 (67) 22 18-81 years High-grade AV block and Perceived general well-being, exercise capacity, functional 5 in VVIR requested early 

chronotropic , status, and symptoms were significantly worse in the VVIR reprogramming 
incompetence than in dual-chamber rate responsive modes DDDR preferred to VVIR 

Oldroyd 1991 (73) 10 23-74 years AV block No difference in symptoms and maximal exercise performance 1 patient requested early 
between DDD and VVIR pacing crossover 

Lau 1994 (79) 33 66 ::: 1 years 15 AV block Fewer symptoms, better stamina, and improved quality of life ODOR preferred over DOD 
with DOOR and VVIR 

Lukl 1994 (80) 21 68 ::: 8 years 13 AV block Symptoms and quality of life improved with DOD compared Majority preferred DOD 
with VVIR pacing 

Hargreaves 1995 (72) 20 80.5 ::: 1 years AV block Symptoms reduced with ODD pacing compared with VVIR or 11 preferred DOD 
VVI; exercise performance worse with VVI compared with ODD 
or VVIR 

Deharo 1996 (71) 18 70 ::: 6.5 years AV block No significant difference in quality-of-life or cardiopulmonary 3 disliked VVIR 
performance, but trend toward increased sense of well-being 
with ODD compared with VVIR mode 

Kamalvand 1997 (68) 48 64 years (mean) Atrial arrhythmias and Perceived well-being better with DDDR with mode switching DDDR preferred over VVIR 
heart block compared vfith conventional DOOR or VVIR 

Hoijer 2002 (82) 19 75.5 ::: 7.3 years 12 AV bock Quality of life was better, with less dyspnea and improved 7 in VVIR requested early 
general activity, with DDDR compared with VVIR mode crossover 

11 preferred VVIR 
Ouali 2010 (81) 30 76.5 ::: 4.3 years Complete Heart block Improved quality of life with DOD pacing compared with VVIR 18 preferred DOD 

Pacemaker syndrome 30% VVI vs. 0% DDD, p < 0.05 0 preferred VVI 
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2.9. Potential Deleterious Effects of Ventricular 
Pacing in AV Block 
Most randomized controlled trials did not report the percent 
of ventricular pacing in patients with AV block. 5

-
7 

·
22 Be

cause they were not performed with pacemakers that in
cluded algorithms to minimize right ventricular pacing. it is 
likely that the proportion of right ventricular pacing was 
high. Although algorithms to minimize ventricular pacing 
are most effective in patients with intact A V conduc

91tion, 13
· ·

92 they have also been used in patients with inter
mittent AV block.49 

·
60 One such algorithm allowed a 609(: 

relative reduction in ventricular pacing in patients with A V 
block over the short term."'x Cumulative ventricular pacing 
can be as low as 28% in patients with intermittent A V 
block. 93 However, there is no documentation that minimiz
ing ventricular pacing is beneficial in patients with A V 
block. Moreover, no sufficiently large trial has evaluated the 
safety of such algorithms in patients with A V block. Case 
repc)lts have indicated that the use of algorithms allowing 
intermittent A V block may have deleterious effects in some 
patients with AV block. 13

•
55

-
57 Furthennore, a considerable 

number of patients with intermittent AV block progress to 
develop complete heart block over longer-term follow-up. 60 

2.10. Single-lead, Dual-Chamber VDD Pacemakers 
In contrast to commonly used dual- and single-chamber 
pacemakers, single-lead, A V pacemakers (VDD) constitute 
less than I% of implanted pacemakers in the United States 
and 5°AJ in Canada.94 The single ventricular lead contains an 
additional lloating bipole for atrial sensing that permits 
VDD pacing. These systems can restore A V synchrony in 
patients with normal sinus node function without an addi
tional atrial lead. Thus. they may reduce procedure time and 
some complications associated with dual-chamber implants. 
They are used infrequenlly because the atrial sensing ability 
of the lead has tended to degrade over time, and implanters 
are concerned about the potential need for atrial pacing if 

96SND develops. 9s. However. a VDD pacing system can 
have a potential role in the management of the younger 
patient. such as the patient with congenital heart block who 
might expect multiple system revisions over decades of 
follow-up (see Recommendations Table I). 

2.11. Factors Influencing Choice of ODD over VVI 
Several factors may inlluence the choice of dual-chamber vs 
single-chamber ventricular pacing. If should first be noted 
that patients might present with evidence for both SND and 
A V block. SND is common in patients with A V block, 
occurring in about 30cJi:..~· 10 All of the randomized clinical 
trials compared outcomes in A V block in an elderly popu
lation, (Table 2). Data on younger patients are limited. 
Among the consensus panel, dual-chamber pacing is pre
fen·ed for the younger or more physically active patient in 
whom there is a strong desire to preserve A V synchrony and 
chronotropic response driven by the sinus node rather than 
by an imperfect. activity sensor (see Recommendations Ta
ble 1). ' 11 

·
6 

1.''
7 There is also a preference for dual-chamber 

pacing in patients with any degree of systolic dysfunction 
and/or diastolic dysfunction in whom the rnaintcnancc or 
A V synchrony is more important for preserving optimal 
hemodynamics than heart rate alone.')R·--tot The atrial ar.. 
rhythmia detection features in dual-chamber pacemakers 
also permit detection of atrial tachyarrhythmias that may 
result in therapeutic interventions. including therapy for 
stroke prevention. ~ 3-' 24 Dual-chamber pacing is not benefi
cial, and single-chamber ventricular pacing is indicated in 
patients with permanent AF or longstanding persistent AF if 
no attempt to restore sinus rhythm is planned (see Recom
mendations Table 1). 

3. Other Indications 
The writing committee did not address pacing mode ror 
every indication identified in the current Device-Based 
Therapy of Cardiac: Rhythm Abnormalitie~ 1 as there arc 
limited to no data on pacing mode for some less frequent 
indications (eg. following cardiac transplantation. sarcPid
osis. and muscular dystrophy). Consensus recommendations 
on pacemaker device and mode selection are provided for 
the following conditions where a clinical dedsion for 
pacing has already been made: hypersen~itive carotid 
sinus syndrome. neurocardiogenic syncope, long QT syn· 
drome, and hypertrophic cardiomyopathy. 

3.1. Pacemaker Device and Mode Selection for 
Hypersensitive Carotid Sinus Syndrome 
E\pert Consensus l?econunendations (see Tahle 1) 

Class IIa 

I. 	Dual-chamber or single-chamber ventricular pacing can 
be useful for patients with hypersensitive carotid sinus 
syndrome (Level of r::vidence: B). I()]-(()(> 

Class III 

2. 	 Single-chamber AAl pacing is not recommended !'or 
patients with hypersensitive carotid sinu~ syndrome 
(Level of Evidence: C). 111 

' 

Hypersensitive carotid sinus syndrome is dclined a~ ~yn-· 
cope or presyncope resulting from an exaggerated rcllex in 
response to carotid sinus stimulation. 'Tl1cre arc two com
ponents of the rellex: the cardioinhibitory cornponcnl. 
which is likely due to excess parasympathetic tnnc. causing 
slowing of the sinus rate with prolongation of the PR inter· 
val or even complete or high-grade A V block. and the 
vasodepressor component, which is due to inhibition of 
syrnpathetie discharge leading to vasodilatation and hypo
tension, independent of heart rate changes. The response to 
carotid massage may not necessarily reproduce the clinical 
events that may occur in a variety of positions and under a 
variety of conditions. Moreover. even in a single individual, 
there is no reason to suspect that hypersensitive carotid 
rer-.ponse is a reproducible phenomenon. 

No large randomized clinical trials of pacihg mode have 
been conducted in this syndrome. Nevertheless, the impact 

http:develops.9s
http:Canada.94
http:block.49


1357 Gillis et al HRS/ACCF Pacemaker Mode Selection 

or pacing mode in patients \Vith syncope and hypersensitive 
carotid sinus syndrome has been evaluated in a few studies. 
AAI pacing alone has been shown to be ineffective in this 
syndn1me. 102 presumably due to concomitant AY block 
during carotid sinus activation. In a 17-year prospective 
study of lN patients with hypersensitive carotid sinus syn
drome. in which males outnumbered females 4.5: I (age 
range at symptom onset .)7-88 years, average 63 years), not 
one case of recurrent syncope occurred after single-chamber 
YVI pacemaker implantation. 101 In a prospective random
ized study or pacing vs no pacing therapy perfonned in 60 
patients with carotid sinus syndrome, syncope recurred in 
16 (57iJi·) of the no-pacing group and in only 3 (9%) of the 
pacing group (P = .0002), while 18 of 32 (56%) of the 
paced group received VYI devices and the remainder re
ceived DDD devices. 104 Data from two studies of patients 
with hypersensitive carotid sinus syndrome reported that 
VVI pacing in this age group has been associated with a 
high (30-50(/i,) incidence of intolerance. driven primarily 
by pacemaker syndrome. 105·106 As indicated previously, 
preirnplantation testing to predict pacemaker syndrome and 
intolerance to YVI pacing to aid in mode selection is im
perfect. ' 3 

A recent prospectively designed, double-blind study has 
been conducted to assess pacing mode on clinical outcomes 
in patients with carotid sinus syndrome. 107 In this small 
crossover study, comparisons were made between VVI vs 
DDDR v" DDDR with rate drop response in patients with 
c<Jrotid sim1~ ~yndrome without evidence of concomitant 
SND or A V block. The primary t:•ndpoints of syncope or 
presyncope were sig:nilicantly reduced after pacemaker im
plantation in all three groups. and no signillcant differences 
in the primary outcomes were demonstrated among the 
three pacing modalities. SF-36 scores revealed some minor 
benefits of DDDR pacing vs baseline in the categories, but 
no pacing mode was found to be superior. The development 
of pacemaker syndrome was not seen in any group. Despite 
the physiological hemodynamic advantage of A V syn-· 
chrony. the superiority or DDD pacing was not observed in 
this study. Sudden bradycardia response algorithms are de
signed to identify preemptively the onset of a rellex-mecli
ated cardioinhibitory event and initiate a high-rate pacing 
intervention that putatively intercedes and aborts the epi
sode. The results from this small randomized study suggest 
no clear advantage to this manner of pacing. Patients with 
pure vasodepressor syncnpt:: related to carotid sinus hyper
sensitivity were not enrolled in this study. It remains unclear 
whether thi~ group derives benefit from the sudden brady
c<~rdia/rate-drop response algorithms. 

Based on our knowledge of the pathophysiology of hy
t1l'l'~l'nsitiw c:arotid ~inus syndrome. there is a potential 
h\.'lh~lil of dual-chwnher pacing to minimize the impact or 
the: va~odcpr~'ssor response and prevent pacemaker syn
drome. However. ventricular pacing seems to be eff'ective in 
prevt~nling ~yncope (see Recommendations Table I). 

3.2. Neurocardiogenic Syncope 
Expert Consensus Recommendations ( Tahle I) 

Class IIa 

I. 	Dual-chamber pacing can be useful for neurocardiogenic 
syncope (Level of Evidence: C). 109 .. 114 

Class III 

I. 	 Single-chamber AAI pacing is not recommended for 
neurocardiogenic syncope (Level of Evidence: C). 

Similar to hypersensitive carotid sinus syndrome. pa
tients with neurocardiogenic syncope may experi~nce a car
dioinhibitory response. a vasodepressor response. or both. 
Bradycardia usually accompanies neurocardiogenic syn
cope during tilt table testing and may be more often re
corded during clinical episodes. Data supporting the use of 
pacemakers for neurocardiogenic syncope are scant, 108 and 
there is a large placebo effect associated with pacing. 109- 112 

Early studies published between 1980 and 1994 suggested 
that pacing is useful in patients with predominantly car
dioinhibitory vasovagal responses and that pacing elimi
nated symptoms in 25% of these patients and prevented 
abrupt cardiovascular collapses. 11.1 However, recent ran
domized trials have failed to confirm a substantial impact of 
pacing for prevention of syncope in neurocardiogenic syn
cope.1<l'l.JJ4 The VPS II trial showed a trend in the direction 
of a benefit from pacing. 110 This study may have been 
underpowered to detect a physiological response to pacing, 
as the design did not consider the strength of a placebo 
effect as a component of pacemaker benefit. Other studies 
evaluating the role or pacing in the treatment of this con
dition are ongoing. 115 

In the clinical context, patients with neurocardiogenic 
syncope, particularly those with profound episodes of asys
tole (eg, pauses >I 0 seconds), may benefit from cardiac 
pacing. Some patients with neurocardiogenic syncope have 
underlying sinus bradycardia and associated high vagal 
tone. Furthermore. the premonitory rate drop prior to syn
cope can be rather prolonged, with a total duration of the 
cardioinhibitory reflex lasting 85 seconds (range 47-116 
seconds). 1 1<' An atrial (AAI) pacemaker should not be used 
in an individual who may have episodic transient A Y block 
due to augmented parasympathetic activation. If the clinical 
decision has been made to implant a pacemaker, a dual
chamber pacemaker should be selected to preserve A V 
synchrony. minimize ventricular pacing, and provide rate 
modulation in response to a sudden drop in heart rate (see 
Recommendations Table I). V\fl pacing has not been tested 
in this context. 

3.3. long QT Syndrome 
Erperr Consensus Recommendations (Table I) 

Class I 

I. 	 Dual-chamber or atrial pacing compared to ventricular 
pacing is recommended for symptomatic or high-risk 
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patients with congenital long QT syndrome (Level of 
Evidence: C). 117

-
11 '>(. 

The long QT interval syndrome can lead to episodic bra
clycarclia-clependent torsacles de pointes ventricular tachycardia 
(VT) causing presyncope. syncope. or cardiac arrest. While a 
pacemaker will not treat ventricular fibrillation that might 
develop in patients with long QT syndrome. it may be 
beneficial in patients who have recurrent episodic t.orsacles 
de pointes clue to bradycardia. Indeed. no studies have 
compared pacing therapy to ICD therapy for prevention of 
syncope or sudden cardiac arrest in the setting of long QT 
syndrome. It is recognized that lCD therapy might be rec
ommended in symptomatic or high-risk long QT syndrome 
patients, and the above recommendations that apply specil·
ically to pacemaker mode selection may not be applicable to 
all patients receiving ICDs. For instance. a single-chamber 
lCD may be prefen·ed in some situations, especially in 
children and adolescents. to minimize lead complications 
and maximize device longevity. 

Unfortunately. the literature regarding the benefits of 
pacing and selection of pacing mode in this syndrome is 
very limited. In one study of eight patients, pacing was 
instituted in three who were unsuccessfully treated with 
both beta-blockers and left cardiothoracic sympathectomy. 
and in two who proved refractory or intolerant to beta
blockers. After pacing using DDD, AAI. or VVI devices 
(70-85 bpml, there was no change in the corrected QT 
interval. but the measured QT interval decreased signifi
cantly. In long-term follow-up, all patients were alive and 
syncope-free. One patient with an AAI pacemaker devel
oped dizziness due to A V block but remained asymptomatic 
after DDDR pacing. 117 

From an international prospective study of long QT syn
drome patients, 30 patients were identilied who .had under
gone permanent pacemaker implantation (AAL VVL or 
DOD) for the management of recurrent syncope. 11 x Pacing 
reduced the rate of recurrent syncopal events in high-risk 
long QT syndrome patients, but pacing did not provide 
complete protection with recurrent syncope or ventricular 
mThythmias occurring in I) patients. The effect of pacing on 
repolatization was evaluated in 10 patients in whom the 
demand atrial pacing rate was faster than the intrinsic rate, 
and a signilicant reduction in QT interval with a nonsignif
icant reduction in corrected QT interval was noted. Another 
study suggested that combined beta-blocker therapy and 
pacing (ODD. AAI, or VVl) at a rate designed to normalize 
the QT interval appeared effective for symptomiltic patients 
with long QT syndrome. although one sudden death oc
curred in a patient who had discontinued beta-blocker ther
apy.''n 

Atrial pacing alone may be effective as it prevents bra
dycardia that causes torsades de pointes VT. and since most 
of these individuals have normal A V conduction, they dl) 
not require ventricular pacing. No randomi1.ed studies have 
compared the efticacy of a specific pacing mode for long 
QT syndrome. A dual-chamber pacemaker in this i)(lpula

tion may help detect episodes of VT with device monitoring 
that might impact patient management. It is possible that 
ventricular pacing in this population may lead to an in
creased risk of abnormal ventricular repolari1.ation that 
could increase the risk for torsades de pointes VT. 120 Based 
on these considerations. dual-chamber pacing might be pre
ferred for patients with long QT syndrome and synCll(.K' 
secondary to pause-dependent VT (see Recommendations 
Table 1). 

3.4. Hypertrophic Cardiomyopathy 
Expert Consensus Recommendations (Fuhle 1) 

Class IIA 

I. 	 Dual-chamber pacing can be useful for patients with 
medically refractory, symptomatic hypertrophic cardio
myopathy with significant resting or pnwoked left ven
tricular outtlow obstruction (Level of Evidence: 
C).'2'-'"··( 

Class III 

I. 	 Single-chamber (VVI or AAI) pacing is not recom
mended for patients with medically refractory. symp
tomatic hypertrophic cardiomyopathy <Level of Evi
dence: C). 1cA 

Hypertrophic obstructive cardiomyopathy is associated 
with diastolic dysfunction and obstruction to aortic out !low. 
Data are. limited. and there is considerable controversy re
garding the potential benefit of pacing in this setting. The 
concept that dual-chamber pacing may improve symptom~. 
reduce the left ventricular outflow tract gradient. and poten
tially reduce the risk of episodic AF is not supported by 
strong clinical evidence, although initial trials suggc.~ted 

benelit.'"'··l2' 
The M-PATHY Trii!l was a prospective, multicenter trial 

assessing pacing in 4~ patients with symptomatic drug
refractory hypertrophic obstructive cardiomyopathy who 
were randomized to DOD pacing or pacing backup 1AAI
30) in a double-blind, crossover study design followed by an 
uncontrolled and unblinded 6-month pacing tria1. 1:?.l Nl> 

benellt of pacing. was seen for subjective tn· objective mea
sures of symptoms or exercise capacity. After unhlindcd 
pacing. functional class and quality-of-life score were im
proved compared with baseline. but peak oxygen consump 
tion was unchanged. Outflow gradient decreased in 57% of 
patients but showed no change or was increased in 431/c:·. 
These data indicated that pacing is not a primary treatment 
for obstructive hypertrophic cardiomyopathy. and there was 
a substantial placebo effect from pacing.' c1 A placebo effect 
was also suggested in another small double-blind trial that 
randomized DDD pacing to backup AAI pacing for 3 
months, as subjective symptomatic improvement occurred 
with implantation of a pacemaker even without any hemo·· 
dynamic benefit. 12

' 

In 	 the absence of symptomatic A V block or SND in 
patients with hypertrophic cardiomyopathy, ventricubr pac 

http:randomi1.ed
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Table 4 Perioperative complications for DDD and VVI pacing systems 

CTOPP UKPACE MOST PACE 
..................._,..........-....... 
 ·······-···---··--........... ····-····-·-····--·--·

Dual Ventricular Dual Ventricular 
Type of complication (n = 1084) (n = 1474) p-Value (n = 1012) (n = 1009) p-Value Dual Dual 

Any 9.0% 3.8% 7.8% 3.5% <.001 t,,8% 6.1% 
Pneumothorax 1.8% 1.4% <:,001 1.5% 2% 
Hemorrhage 0.2% 0.4% .42 
Inadequate pacing 1.3% 0.3% .32 
Inadequate sensing 2.2% 0.5% .002 
Device malfunctioning 0.2% 0.1% <.001 
Lead dislodgement 4·.2% l.l.t% ,1, 4.2% 2.5% .04 Atrial 1.9%, Atrial 0.5%, 

ventricular 1.1% ventricular 1.7% 

ing oilers no benefit and could be detrimental. AAI pacing 
is not useful as the goal of pacing therapy is to maintain AV 
~ynchrony and create ventricular preexcitation. Thus. for the 
medically refractory patient in whom the clinical decision 
ha~ been made to implant a pacemaker. dual-chamber pac
ing is recommended (see Recommendations Table I). 

4. Complications Related to Pacing 
4.1. Implant Complications 
Table 4 summarizes implant-related complications for dual
chamber and ventricular pacing. '[he overall complication 
rate was higher for dual-chamber pacing systems. compared 
to single-chamber ventricular pacing systems. as reported 
by the CTOPP and UKPACE Investigators.t'·22 About half 
or these complications were atrial lead dislodgernents that 
required surgical correction, and half were atrial sensing or 
pacing problems that did not require reoperation. ln UK
PACE. patients in the dual-chamber group were more likely 
to need a therapeutic intervention (R.8% vs 5.6c;r., P <.001) 
and to undergo a repeal procedure prior to hospital dis
charge (4.2r;.;. v~ 2SYIJ, P "c .04) than those in the single
chwnbcr group. 

4.2. Complications Secondary to Pacing System 
Modifications 
Although clinicians may favor starting with a single-cham
her device in most patients with the intent to upgrade the 
device to a dual-chamber device if a patient develops A V 
block (with /\AI pacemakers) or pacemaker syndrome (with 
VVI pacemakers). upgrading a device can be technically 
challenging and is associated with an increased risk of 
complications. The higher rate of initial implant complica
tions for dual-chamber pacemakers is offset by the subse
quent need to insert an atrial lead in some patients with 
single-chamber pacemakers during follow-up. In CTOPP. 
this upgrade rate was 4.3r!(, in the first 3 years. and during 
long·· term follow·· Up the rate of upgrade to a dual-chamber 
pacing sy~tem remained <I (Yc/year.('· 7 In one retrospective 
~tudy of :.lA patil•nts who underwent upgraJe from a single
cl!<tll1her to a dual-chamber device. 20 patients (45%) ex·
JWrien,;ed one or more complications. This led the authors to 
conclude that. compared with single·· or dual-chamber im·· 

plantation, pacemaker upgrades take longer and have higher 
complication rates. 126 The REPLACE Registry prospec
tively assessed procedure-related complications associated 
with pacemaker or ICD generator replacements over 6 
months of follow-up. In the group of patients who also 
underwent a planned transvenous lead addition, the rate of 
major complications was 15.3% (95% Cl 12.7-··-18.1 ). The 
authors concluded that pacemaker generator replacements 
with addition of a transvenous lead are associated with an 
appreciable complication risk. 127 

5. Cost and Cost-Effectiveness of Dual- vs 
Single-Chamber Pacemakers 
Initial hospitalization costs are higher for dual- vs single
chamber pacemakers, primarily because of the more expen
sive pulse generator and additional lead and the potential for 
higher rates of complications associated with dual-chamber 
pacemakers that are largely driven by atrial lead dislodge
ment. The rep01ted differential initial cost between the two 
systems is in the range of $2200-$2600. 12 

K· 
129 Indeed. sev

eral studies have assessed the economic implications of im
planting a ventricular or dual-chamber pacemaker in patients 
with SND and A V block. Instead of just examining tl1e abso
lute difference in cost between UK' two systems, these studies 
present cost-effectiveness analyse~ that also take into account 
differences in effectiveness between the two systems and. in 
some cases, at~jusl the results for quality of life. Indeed, such 
analyses m·e affected by many factors. including whether all 
important and relevant costs and effects ~u·e included. the per
spective from which the costo.; and benefits are to be consid
ered. whether direct and indirect costs are accounted for. the 
length of follow-up, and the method used to adjust the results 
for time. Differences in any of these factors may lead to 
different results. 

In one analysis conducted by the Italian government. the 
incremental cost-effectiveness ratio or implanting a dual vs 
a ventricular device was 260 Euros/quality-adjusted life 
year (QALY) (approximately US $330/QALY). Impor
tantly, device replacement rates due to pacemaker syndrome 
had the biggest impact on the tina! results. Thu~. the higher 
initial costs of the dual-chamber device implants appeared 
to be offset by a reduction in costs associated with repeat 
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procedures and treatment of AF. 1 10 Another study con
ducted in the United Kingdom examined the health and 
economic consequences of implanting a dual-chamber vs a 
ventricular pacemaker for SND or AV block. That study 
demonstrated that the additional health benefits from dual
chamber pacing are achieved at a mean net cost of £43 per 
patient. resulting in a cost-effectiveness ratio of £477/ 
QALY (approximately US $739/QALYl. Therefore. al
though implanting a dual-chamber device increases the cost 
of the initial procedure, this is expected to be counterbal
anced by a reduction in costs associated with repeat proce
dures and the management of AF. 131 

In CTOPP, the incremental cost-effectiveness of physi
ological pacing was estimated from the viewpoint of a 
provincial government health care payer. The incremental 
cost-effectiveness of dual-chamber pacemakers was CAN 
$297,600 per life year gained (approximately US $290,482) 
and CAN $74,000 per AF event avoided (approximately US 
$72,230). 129 Based on only mortality and prevention of AF 
(and not considering pacemaker syndrome and quality of 
life). physiological pacing did not appear to be economically 
attractive in the shmt term; however, long-term studies incor
porating all nonfatal cardiac events, pacemaker syndrome. and 
quality of life may provide a more accurate assessment of the 
cost-effectiveness of physiological pacing. 1~9 

Using a Markov model, a cost-effectiveness analysis of 
MOST showed that during the first 4 years. dual-chamber 
pacemakers increased quality-adjusted life expectancy by 
0.013 year per subject with an incremental cost-effective
ness ratio of $53.000/QALY gained. Over a lifetime, dual
chamber pacing was projected to increase quality-adjusted 
life expectancy by 0.14 year with an incremental cost
effectiveness ratio of about $6800/QALY gained. Thus, this 
analysis demonstrated that for patients with SND. dual
chamber pacing increases quality-adjusted life expectancy 
at a cost that is generally considered acceptable. 1c.s 

Although not specifically examined in these cost-benetit 
analyses, it is anticipated that battery technology as well as 
device programming will also impact on cost-effectiveness. 
Regardless of whether single- or dual-chamber devices are 
selected. programming should be optimized to enhance bat
tery longevity and reduce cost. 

6. Values and Preferences 
Similar to guideline documents, this consensus document 
uses a grading system that separates the quality of evi
dence from the strength of recommendations. In this 
document, we have already considered factors that im
pact on the quality or life and functional status. such as 
pacemaker syndrome, right ventricular pacing, and AF 
while noting how these factors may influence mode· se
lection. We recognize that in addition to the quality of the 
evidence, several other factor" might affect the class of 
recommendations. These factors are not represented in 
our oflicial recommendations as the current class of rec·· 
ommendations focuses largely on scienti11c evidence. Al
ternate grading systems may consider the halance be

tween desirable and undesirable effect~ of a therapy. 
patient and physician values. and preference~ in the pro-· 
vision of clinical care. as \Veil as cost of therapy for 
determining the strength of recommendations. 1 

;:' 
1 
'' 

In arriving at our recornmendationi>. we considered 
factors such as the desirable cffed of AV ~equential 

pacing to prevent AF and the undesirable effect~ of 
ventricular pacing to cause pacemaker syndrome or pro
mote AF. We considered the values and preferences of 
patients to avoid AF or pacemaker syndrome. We also 
present examples where patient conditions influence de
cision of pacing mode. For instance. a young active 
patient who has SND and normal AV and ventricular 
conduction may elect an AAI pacemaker to minimize 
hardware and reduce the risk of complications. Or a 
sedentary patient with prostate carcinoma and SND who 
has syncope with prolonged pauses and subclavian ve
nous stenosis with limited venous access may accept 
single-chamber backup pacing rather than undergo a 
more complex procedure to allow insertion of a second 
lead. 

In summary, guideline documents and consensus 
statements should be used to assist health care providers 
in clinical decision-making by describing generally ac 
cepted approaches for patient management based on re
view of the literature and a consensus from experts. 
However. as in all such documents, "the ultimate judg
ment regarding care of a particular patient must be made 
by the health care provider and the patient in light of all 
of the circumstances presented by that patient.'' 1 It is 
acknowledged that there will be circumstances in which 
deviations from guidelines or consensus recommenda
tions are appropriate. 

7. Conclusions 
Patients with SND may derive benelit from atrial or 
dual-chamber pacing compared with ventricular pacing 
with regard to the risks of AF, stroke. pacemaker syn
drome, and improved quality of life. Over the long term. 
dual-chamber pacing may be cost-effective. In patients 
with A V block, although dual-chamber pacing compared 
to ventricular pacing has equivalent effects on major 
cardiovascular outcomes including mortality. stroke. 
heart failure. and A F. it can reduce the i ncitlence of 
pacemaker syndrome and improve some indexes of qual
ity of life. For less common indications for pacing. the 
recommendations to consider dual-chamber pacing are based 
on small clinical studies. It is unlikely that large random 
ized trials will ever he conducted in these unique clinical 
suhgroups. While implant complications are more fre
quent for dual-chamber than single-chamber pacetnak,~rs, 
the higher risk of complications for dual-chamber pace
makers is offset over ti rne by the need to reoperate on a 
number of patients with single--chamber JXll'Crrl:th'l'~ for 
Av block or pacemaker syndrome. Estimates or tlll' co~t
effectiveness of dual-chamber pacemakers vary widely 
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and should not he the dominant factor determining pacing 
device and mode selection. 
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C. Other 
All other indications for single-chamber cardiac pacing for which CMS has not specifically indicated coverage remain 
nationally noncovered, except for Category B Investigational Device Exemption (IDE) clinical trials, or as routine costs 
of single-chamber cardiac pacing associated with clinical trials, in accordance with section 310.1 of the NCD Manual. 
Group II: Dual-Chamber Cardiac Pacemakers – (Effective May 9, 1985) 
 
A. Nationally Covered Indications 
Conditions under dual-chamber cardiac pacing are considered acceptable or necessary in the general medical 
community unless conditions 1 and 2 under Group II. B., are present: 

1. Patients who have documented pacemaker syndrome (e.g., symptoms with retrograde conduction including, 
but not limited to significant drop in blood pressure, chest discomfort, fullness in neck, shortness of breath, 
lightheadedness, pre-syncope or syncope, dyspnea on exertion, fatigue, nausea, etc.) or anticipated 
pacemaker syndrome (e.g., young active patient, etc.). (Level of Evidence B; Class I Recommendation).  [1-
16]  

2. Patients with symptomatic chronotropic incompetence (e.g. exertional fatigue, exertional dyspnea, exertional 
lightheadedness and/or inability to reach age specific maximal heart rate). (Level of Evidence C; Class IIa 
Recommendation).  [9, 17, 18]  

3. Patients with intrinsic sinus node dysfunction with/without coexistent tachyarrhythmias or AV conduction 
block or iatrogenically-mediated sinus node dysfunction as the consequence of necessary pharmacologic 
treatment for which there is no acceptable alternative treatment when accompanied by significant symptoms 
(e.g. shortness of breath, dyspnea on exertion, pre-syncope or syncope, seizures, congestive heart failure, 
dizziness or confusion). (Level of Evidence A; Class I Recommendation) [1-6, 17-26] 

4. Patients with high grade AV block including, but not limited to: Complete third degree AV block, second 
degree type II AV block, symptomatic second degree type I AV block or symptomatic first degree AV block.   
Additionally, select patients with bifascicular/trifascicular block accompanied by one of the following: 1) 
Syncope after other plausible causes such as ventricular tachycardia have been excluded, or 2) Finding of 
resting HV interval greater than or equal to 100 msec during electrophysiology study, or 3) Finding of 
pacing-induced infra-His block during electrophysiology study. (Level of Evidence C; Class I 
Recommendation) [1-3, 7, 8, 27-34] 

5. Selected patients with hypersensitive carotid sinus syndrome, neurocardiogenic syncope. (Level of Evidence 
C; Class IIa Recommendation)[35-39] 

6. Symptomatic or high-risk patients with congenital long QT syndrome. (Level of Evidence C; Class I 
Recommendation)[40-42] 

7. Select patients with medically refractory, symptomatic hypertrophic cardiomyopathy with significant or 
provoked left ventricular outflow obstruction. (e.g. symptoms including shortness of breath, chest pain, 



dyspnea on exertion, lightheadedness, orthopnea, paroxysmal nocturnal dyspnea, pre-syncope or syncope, 
etc.) (Level of Evidence C; Class IIa Recommendation) [43-46] 

Dual-chamber pacemakers may also be covered for the conditions, as listed in Group I. A., if the medical necessity is 
sufficiently justified through adequate claims development. Expert physicians differ in their judgments about what 
constitutes appropriate criteria for dual-chamber pacemaker use. The judgment that such a pacemaker is warranted 
in the patient meeting accepted criteria must be based upon the individual needs and characteristics of that patient, 
weighing the magnitude and likelihood of anticipated benefits against the magnitude and likelihood of disadvantages 
to the patient. 
 
B. Nationally Noncovered Indications 
Whenever the following conditions (which represent overriding contraindications) are present, dual-chamber 
pacemakers are not covered: 

1. Patients in permanent or longstanding persistent AF where efforts to restore or maintain sinus rhythm are 
not planned. (Level of Evidence C; Class III Recommendation) 

2. Patients with AV block in permanent or longstanding persistent AF in whom efforts to restore or maintain 
sinus rhythm are not planned. (Level of Evidence C; Class III Recommendation) 

3. A clinical condition in which pacing takes place only intermittently and briefly, and which is not associated 
with a reasonable likelihood that pacing needs will become prolonged. 

4. Prophylactic pacemaker use following recovery from acute myocardial infarction during which there was 
temporary complete (third-degree) and/or Type II second-degree AV block in association with bundle branch 
block. 

C.  Other 
All other indications for dual-chamber cardiac pacing for which CMS has not specifically indicated coverage remain 
nationally noncovered, except for Category B IDE clinical trials, or as routine costs of dual-chamber cardiac pacing 
associated with clinical trials, in accordance with section 310.1 of the NCD Manual. 
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