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Background

Conventional dual-chamber pacing maintains atrioventricular synchrony but results 
in high percentages of ventricular pacing, which causes ventricular desynchroniza-
tion and has been linked to an increased risk of atrial fibrillation in patients with 
sinus-node disease.

Methods

We randomly assigned 1065 patients with sinus-node disease, intact atrioventricular 
conduction, and a normal QRS interval to receive conventional dual-chamber pacing 
(535 patients) or dual-chamber minimal ventricular pacing with the use of new pace-
maker features designed to promote atrioventricular conduction, preserve ventricu-
lar conduction, and prevent ventricular desynchronization (530 patients). The primary 
end point was time to persistent atrial fibrillation.

Results

The mean (±SD) follow-up period was 1.7±1.0 years when the trial was stopped 
because it had met the primary end point. The median percentage of ventricular 
beats that were paced was lower in dual-chamber minimal ventricular pacing than in 
conventional dual-chamber pacing (9.1% vs. 99.0%, P<0.001), whereas the percentage 
of atrial beats that were paced was similar in the two groups (71.4% vs. 70.4%, 
P = 0.96). Persistent atrial fibrillation developed in 110 patients, 68 (12.7%) in the 
group assigned to conventional dual-chamber pacing and 42 (7.9%) in the group as-
signed to dual-chamber minimal ventricular pacing. The hazard ratio for develop-
ment of persistent atrial fibrillation in patients with dual-chamber minimal ventricular 
pacing as compared with those with conventional dual-chamber pacing was 0.60 
(95% confidence interval, 0.41 to 0.88; P = 0.009), indicating a 40% reduction in rela-
tive risk. The absolute reduction in risk was 4.8%. The mortality rate was similar in 
the two groups (4.9% in the group receiving dual-chamber minimal ventricular pac-
ing vs. 5.4% in the group receiving conventional dual-chamber pacing, P = 0.54).

Conclusions

Dual-chamber minimal ventricular pacing, as compared with conventional dual-
chamber pacing, prevents ventricular desynchronization and moderately reduces the 
risk of persistent atrial fibrillation in patients with sinus-node disease. (ClinicalTrials.
gov number, NCT00284830.)
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Despite nearly 20 years of clinical 
research involving thousands of patients, 
the optimal pacing strategy for patients 

with symptomatic bradycardia due to sinus-node 
disease has yet to be defined. Atrial pacing is as-
sociated with a reduced incidence of atrial fibril-
lation, as compared with ventricular pacing,1 but 
atrioventricular block may occur even in carefully 
selected patients.2,3 Conventional dual-chamber 
pacing maintains a coordinated atrioventricular 
relationship by synchronizing ventricular paced 
beats to atrial activity, prevents syncope during 
atrioventricular block, and slightly reduces the risk 
of atrial fibrillation as compared with ventricular 
pacing. Dual-chamber pacing, however, does not 
reduce mortality and has a minimal effect on the 
risk of stroke and heart failure.4-8 Furthermore, 
in patients with an implantable cardioverter–defi-
brillator, dual-chamber pacing paradoxically led 
to increased risks of heart failure and death.9 

These findings led to the hypothesis that right 
ventricular stimulation during dual-chamber pac-
ing has adverse effects on left ventricular pump 
function that negate the physiological advantage 
of atrioventricular synchrony. Retrospective analy-
ses support this hypothesis by linking an increased 
frequency of right ventricular paced beats to in-
creased risks of atrial fibrillation and heart fail-
ure in patients with sinus-node disease.10,11 We 
report on a trial that prospectively tested the hy-
pothesis that in patients with sinus-node disease, 
dual-chamber pacing incorporating a strategy to 
minimize right ventricular stimulation would lead 
to a lower risk of persistent atrial fibrillation than 
would conventional dual-chamber pacing.

Me thods

Study Organization

The Search AV Extension and Managed Ventricu-
lar Pacing for Promoting Atrioventricular Conduc-
tion (SAVE PACe) trial was a randomized, controlled 
clinical trial, sponsored by Medtronic, to compare 
a strategy of dual-chamber minimal ventricular 
pacing with conventional dual-chamber pacing in 
patients with sinus-node disease. The trial was de-
signed by the sponsor and a physician advisory 
committee that included the academic authors. The 
data were analyzed by statisticians employed by the 
sponsor, who were overseen by two of the academ-
ic authors. The academic authors wrote all drafts 
of the manuscript and vouch for the accuracy and 

completeness of the reported data. From January 
15, 2003, to December 19, 2006, a total of 1065 
patients from 72 centers in the United States and 
Canada underwent randomization. The institution-
al review boards of all participating centers ap-
proved the research protocol, and all participants 
gave written informed consent. An independent 
data and safety monitoring committee reviewed 
safety data on March 20, 2006, and interim results 
on December 9, 2006.

Patient Population

Eligible patients had symptomatic bradycardia due 
to sinus-node disease and met criteria for treatment 
with permanent implantation of a pacemaker,12 
were more than 18 years old, had a QRS interval 
of 120 msec or less, and passed a test of atrial 
pacing (an atrioventricular conduction ratio of 
1:1 during atrial pacing at 100 beats per minute1). 
Patients were excluded from enrollment if they had 
persistent atrial fibrillation, two or more cardio-
versions for atrial fibrillation within a 6-month 
period, second- or third-degree atrioventricular 
block, or a life expectancy of less than 2 years.

Randomization, Programming, and Follow-up

After written informed consent was provided, base-
line demographic characteristics and medical his-
tory were obtained. All patients received dual-
chamber pacemakers (Kappa 700, Kappa 900, 
EnPulse, or EnRhythm; Medtronic) approved by 
the Food and Drug Administration. On satisfac-
tory completion of the atrial pacing test, patients 
were randomly assigned in a 1:1 ratio to dual-
chamber minimal ventricular pacing or conven-
tional dual-chamber pacing using sealed sequen-
tially numbered envelopes at each center. Patients, 
but not investigators, were unaware of the treat-
ment assignment.

Prespecified pacemaker-programming prescrip-
tions were used to deliver the randomized treat-
ment assignment. Dual-chamber minimal ven-
tricular pacing was achieved with new pacemaker 
features designed to permit automatic lengthen-
ing of, or elimination of, the pacemaker’s atrioven-
tricular interval in order to withhold ventricular 
pacing and prevent ventricular desynchroniza-
tion.13,14 These new pacemaker features can main-
tain dual-chamber pacing in the event of atrio-
ventricular block. For patients randomly assigned 
to conventional dual-chamber pacing, the atrio-
ventricular interval was between 120 msec and 
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180 msec, which maximizes cardiac output dur-
ing right ventricular stimulation.15 Features for 
monitoring atrial fibrillation, including storage 
of atrial electrograms, were activated in the pace-
makers of all patients.

Patients were seen at 1 month after enrollment 
and every 6 months thereafter for downloading 
of stored diagnostic data from the pacemaker to 
a diskette. The status of atrial rhythm was evalu-
ated by the examination of atrial electrograms, 
surface electrocardiograms, or both, and the in-
terim medical history was reviewed.

End points

The primary end point was the time to persistent 
atrial fibrillation, which was defined as the occur-
rence of any of the following three circumstances: 
two consecutive visits in which atrial fibrillation 
was present1,5-7; at least 22 hours of atrial fibril-
lation for at least 7 consecutive days, detected by 
means of diagnostic data stored in the pacemak-
er; and at least 22 hours of atrial fibrillation per 
day for fewer than 7 consecutive days if an inter-
ruption by electrical or pharmacologic cardiover-
sion occurred.16 The second circumstance listed 
was consistent with published guidelines for the 
management of atrial fibrillation16 in both specif-
ics and intent at the time the study was designed; 
it also takes into account that pacemakers objec-
tively and accurately quantify both symptomatic 
and asymptomatic atrial fibrillation.17-22 In addi-
tion, two expert cardiologists who were unaware 
of the treatment assignment reviewed all cathe-
ter-ablation procedures for evidence of persistent 
atrial fibrillation. Secondary end points included 
hospitalizations for heart failure and the percent-
ages of atrial and ventricular paced beats over time.

Statistical Analysis

The study was designed to have an overall power 
of 80% to detect a 6.4% reduction in the 2-year rate 
of the primary end point, or an estimated 32% re-
duction in relative risk. All analyses were performed 
according to the intention-to-treat principle.

The time to development of persistent atrial fi-
brillation was analyzed with the use of Cox pro-
portional hazards models23 adjusted for age and 
for the presence or absence of a history of atrial 
fibrillation, myocardial infarction, coronary artery 
disease, hypertension, diabetes, and the use of 
antiarrhythmic drugs for atrial fibrillation. Rela-
tive risks were expressed as hazard ratios with 

95% confidence intervals. The time to the first 
occurrence of persistent atrial fibrillation was 
compared visually with the use of Kaplan–Meier 
curves24 and assessed with the log-rank test. The 
percentages of atrial and ventricular beats that 
were paced were not normally distributed and were 
analyzed with the use of the Wilcoxon rank-sum 
test. Categorical variables were compared with the 
chi-square test, and continuous variables with 
Student’s t-test.

The study used a group-sequential design with 
one interim analysis to evaluate the primary end 
point. Stopping rules based on an O’Brien–Flem-
ing spending function25 were prespecified for the 
interim analysis, which evaluated the primary end 
point at a significance level of 0.01 and a hazard 
ratio of greater than 1.61 for treatment superior-
ity. At the recommendation of the data and safety 
monitoring committee, the trial was stopped on 
December 21, 2006, shortly after an interim analy-
sis revealed that the difference in persistent atrial 
fibrillation between the two groups had passed 
the prespecified efficacy boundary (P = 0.007).

R esult s

Enrollment

Of 1321 patients who underwent screening, 256 
(19.4%) were not enrolled for the following rea-
sons: 214 (83.6%) did not pass the atrial pacing 
test, 13 (5.1%) had QRS intervals that were great-
er than 120 msec, and 29 (11.3%) had other rea-
sons (Fig. 1). The remaining 1065 patients were 
enrolled and underwent randomization after the 
successful implantation of pacemakers.

Study Population

Most patients were elderly and had hypertension, 
normal ventricular function, and no history of 
heart failure. Men and women were approximately 
equally represented, and 38% of patients had doc-
umented paroxysmal atrial fibrillation before en-
rollment. The remaining clinical characteristics, 
including various cardiac medications, were sim-
ilar between treatment groups (Table 1).

The mean (±SD) follow-up period was 1.7±1.0 
years (range, 0 days to 3.6 years). Crossovers were 
observed in 59 patients (44 patients [8.2%] crossed 
over from conventional dual-chamber pacing to 
dual-chamber minimal ventricular pacing, and 15 
patients [2.8%] crossed over from dual-chamber 
minimal ventricular pacing to conventional dual-
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chamber pacing; P<0.001). Thirteen patients (1.2%) 
were lost to follow-up after a mean follow-up pe-
riod of 1.5 months.

Outcomes

The median percentage of ventricular beats that 
were paced was significantly less in the group as-
signed to dual-chamber minimal ventricular pac-
ing than in the group assigned to conventional 
dual-chamber pacing (9.1% vs. 99.0%, P<0.001). 
However, the median percentage of atrial beats 
that were paced was similar in the two groups 
(71.4% vs. 70.4%, P = 0.96).

During the follow-up period, persistent atrial 
fibrillation developed in 110 patients — 68 of 535 
patients in the group assigned to conventional 
dual-chamber pacing (12.7%), and 42 of 530 in the 
group assigned to dual-chamber minimal ventric-
ular pacing (7.9%) (P = 0.004 by the log-rank test). 
Kaplan–Meier estimates of time to persistent atrial 
fibrillation showed absolute reductions in the rates 
of persistent atrial fibrillation associated with 
dual-chamber minimal ventricular pacing as com-
pared with conventional dual-chamber pacing of 
3.8% at 1 year (95% confidence interval [CI], 0.4 to 
7.3), 6.9% at 2 years (95% CI, 2.4 to 11.4), and 7.0% 
at 3 years (95% CI, −0.3 to 14.4) (Fig. 2).

Prespecified multivariable analyses showed that 
dual-chamber minimal ventricular pacing remained 
an independent predictor of persistent atrial fibril-
lation (hazard ratio, 0.60; 95% CI, 0.41 to 0.88; 
P = 0.009). The hazard ratio of 0.60 indicates a 40% 
decrease in the relative risk of persistent atrial 
fibrillation at any time interval among patients 
randomly assigned to dual-chamber minimal ven-
tricular pacing as compared with those assigned 
to conventional dual-chamber pacing. There was 
no significant difference among selected clinical 
subgroups in the effect of dual-chamber minimal 
ventricular pacing as compared with conventional 
dual-chamber pacing on reducing the risk of per-
sistent atrial fibrillation (Fig. 3).

Other independent predictors of persistent atri-
al fibrillation included age (hazard ratio for each 
1-year increment, 1.02; 95% CI, 1.00 to 1.04; P =  
0.05) and the presence or absence of previous 
atrial fibrillation (hazard ratio, 3.56; 95% CI, 2.23 
to 5.67; P<0.001) and antiarrhythmic drug use 
(hazard ratio, 1.51; 95% CI, 0.99 to 2.32; P = 0.06). 
There was no significant interaction between any 
of these variables and the treatment group.

Mortality was not significantly different be-

tween treatment groups (4.9% in the group as-
signed to dual-chamber minimal ventricular pac-
ing vs. 5.4% in the group assigned to conventional 
dual-chamber pacing; hazard ratio, 0.85; 95% CI, 
0.50 to 1.44; P = 0.54), nor was the rate of hospi-
talization for heart failure (2.8% in the group 
assigned to dual-chamber minimal ventricular 
pacing vs. 3.1% in the group assigned to conven-
tional dual-chamber pacing; hazard ratio, 0.84; 
95% CI, 0.42 to 1.68; P = 0.62). Given the observed 
event rates, the study had only 22% power to de-
tect a clinically plausible 25% reduction in the 
relative risk of death and 16% power for the same 
reduction in the relative risk of heart failure. Non-
prespecified analyses showed that the proportion 
of patients who underwent catheter ablation of 
the atrioventricular node or pulmonary-vein iso-
lation was greater in the group assigned to con-
ventional dual-chamber pacing (13 of 535 [2.4%]) 
than in the group assigned to dual-chamber mini-
mal ventricular pacing (2 of 530 [0.4%], P = 0.005). 
The numbers of cardioversions performed were 
similar in the conventional dual-chamber pacing 
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Figure 1. Enrollment, Randomization, and Analysis of Patients. 
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group (26 of 535 patients [4.9%]) and in the dual-
chamber minimal-ventricular-pacing group (22 of 
530 patients [4.2%], P = 0.58). The time to first 
cardioversion, catheter ablation of the atrioven-
tricular node, or pulmonary-vein isolation showed 
a difference of borderline significance favoring 
dual-chamber minimal ventricular pacing (hazard 
ratio, 0.62; 95% CI, 0.37 to 1.03; P = 0.06) (Fig. 4).

Non-prespecified analyses comparing patients 
in whom persistent atrial fibrillation developed 
with those in whom it did not showed no sig-
nificant difference in mortality (6.4% vs. 5.0%, 
P = 0.55) but a higher rate of hospitalizations for 
heart failure (7.3% vs. 3.2%, P = 0.03). Patients in 
whom persistent atrial fibrillation developed had 
more strokes than did those in whom persistent 
atrial fibrillation did not develop, but the differ-
ence was not significant (4.5% vs. 1.8%, P = 0.18).

Adverse Effects

Forty-three subjects (4.0%) had problems related 
to the leads. Three patients (0.3%) had nonfatal 
infections requiring removal of the pacemaker; 
pacemakers were not reimplanted in two of the 
patients, who left the study. There was one intra-
operative death.

Discussion

This prospective, randomized clinical trial tested 
the hypothesis that, in patients with sinus-node 
disease and bradycardia requiring permanent pac-
ing devices, a pacing strategy to minimize ven-
tricular pacing while maintaining support for 
bradycardia reduces the risk of persistent atrial 
fibrillation. Dual-chamber minimal ventricular 
pacing conferred a 4.8% absolute reduction in 

Table 1. Baseline Characteristics of the Study Population.*

Characteristic

Dual-Chamber
Minimal Ventricular

Pacing (N = 530)

Conventional
Dual-Chamber

Pacing (N = 535) P Value

Age — yr   72.1±11.9 72.6±11.5 0.49

Male sex — no. (%) 266 (50.2) 254 (47.5) 0.38

Ejection fraction — % 58.1±9.5 58.0±10.0 0.91

Medical history — no. (%)

Previous myocardial infarction 104 (19.6) 101 (18.9) 0.76

Previous heart failure 99 (18.7) 118 (22.1) 0.17

Previous atrial fibrillation 192 (36.2) 211 (39.4) 0.28

Hypertension 394 (74.3) 387 (72.3) 0.46

Diabetes 115 (21.7) 124 (23.2) 0.56

Percutaneous coronary intervention 121 (22.8) 118 (22.1) 0.76

Coronary-artery bypass grafting 92 (17.4) 81 (15.1) 0.33

Valvular surgery 12 (2.3) 18 (3.4) 0.28

Medication at randomization — no. (%)

Beta-blockers 227 (42.8) 225 (42.1) 0.80

Calcium-channel blockers 140 (26.4) 157 (29.3) 0.29

Antiarrhythmic agents 93 (17.5) 122 (22.8) 0.03

Angiotensin-converting–enzyme inhibitors 175 (33.0) 182 (34.0) 0.73

Angiotensin-receptor blockers 69 (13.0) 86 (16.1) 0.16

Digoxin 35 (6.6) 39 (7.3) 0.66

Diuretics 195 (36.8) 202 (37.8) 0.74

First-degree atrioventricular block — no. (%) 111 (20.9) 116 (21.7) 0.77

Pacemaker programming

Minimum pacing rate — beats/min   61.4±4.8   61.5±5.7 0.70

Detection of atrial fibrillation — beats/min 178.7±4.0 178.4±4.9 0.24

*	Plus–minus values are means ±SD. 
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risk, which yielded a 40% reduction in the rela-
tive risk of the development of persistent atrial 
fibrillation, as compared with conventional dual-
chamber pacing. After two decades of random-
ized clinical trials involving nearly 7000 pa-
tients,1,4-7 this study shows that newer forms of 
dual-chamber pacing for sinus-node disease are 
superior to older pacemaker technology.

The conceptual underpinning of the strategy 
to minimize unnecessary and potentially harm-
ful right ventricular pacing originates from phys-
iological and clinical data spanning more than 
80 years. In 1925, Wiggers showed that ventricu-
lar pacing results in reduced ventricular-pump 
function in mammals.26 The cause of this reduc-
tion in pump function is a left ventricular elec-
trical-activation sequence resembling left bundle-
branch block. The resulting electrical asynchrony 
is manifested by prolonged QRS intervals due to 
slow myocardial conduction. Consequently, left 
ventricular contraction is altered and dyssynchrony 
may occur.27 Ventricular desynchronization im-
posed by pacing results in chronic left ventric
ular remodeling, including asymmetric hyper-
trophy and dilatation28,29 and reduced ejection 
fraction.3,30,31

The importance of this trial is that it prospec-
tively links a reduction in clinical events (persistent 
atrial fibrillation) to a reduction in ventricular 
pacing. This reduction in persistent atrial fibril-
lation was associated directly with fewer invasive 
ablation procedures and fewer hospitalizations for 
heart failure in post hoc analyses. 

The frequent occurrence of paroxysmal atrial 
fibrillation and sinus bradycardia brings clinical 
relevance to this study. The sudden change from 
one to the other is termed the “tachy-brady” or 
the sick sinus syndrome. At least 40 to 50% of 
patients with sinus-node disease have paroxys-
mal atrial fibrillation,6 as in our study, and 
bradycardia that complicates medical manage-
ment of atrial fibrillation is the reason for pace-
makers in up to 83% of these patients.6 

Atrial fibrillation continues to dominate the 
treatment of patients with sinus-node disease after 
the correction of symptomatic bradycardia with 
pacemakers. Indeed, modern pacemakers with 
advanced rhythm-monitoring capabilities detect 
atrial fibrillation in 50 to 65% of patients.17,19 
These episodes, which are asymptomatic in the 
majority of patients,21 are a powerful, independent 
predictor of stroke, death, and persistent atrial 
fibrillation.17 Therefore, the observation that se-

lecting a pacing strategy to minimize ventricular 
pacing reduces the risk of persistent atrial fibril-
lation should inform changes in clinical practice.

The physiological mechanisms by which ven-
tricular pacing (including atrial synchronous ven-
tricular pacing) induces atrial fibrillation have 
not been fully determined. There is some evidence 
that electromechanical feedback may be impor-
tant. Altering the relationship between atrial and 
ventricular timing during atrial synchronous ven-
tricular pacing has been shown to cause increases 
in atrial pressure and size, as well as to favor the 
development of electrophysiological properties 
that could facilitate the development of atrial 
fibrillation.3,32,33 Mitral regurgitation due to pap-
illary muscle desynchronization may also be im-
portant.34

The rates of mortality and heart failure were 
very low in the present study, and there was no 
sign of benefit or harm for these end points from 
dual-chamber minimal ventricular pacing. These 
low event rates do not necessarily imply a highly 
selected patient population, since they are similar 
to rates in other trials of cardiac pacing for sinus-
node disease.5,6 Patients with pacemakers who 
have sinus-node disease are, on average, at low 
risk for heart failure that is attributable to pacing-
induced ventricular desynchronization (approxi-
mately 1.2% at 2 years after implantation of the 
pacemaker).11
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Figure 2. Kaplan–Meier Estimates of Time to Development of Persistent 
Atrial Fibrillation According to Treatment Group.

The hazard ratio of 0.60 (95% CI, 0.41 to 0.88) indicates a 40% decrease  
in the relative risk of persistent atrial fibrillation at any time interval among 
patients in the group assigned to dual-chamber minimal ventricular pacing 
as compared with those in the group assigned to conventional dual-chamber 
pacing.
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Studies other than the Mode Selection Trial 
(MOST)6 have suggested that the avoidance of 
right ventricular pacing altogether, by the use of 
atrial pacemakers, is associated with a lower inci-
dence of atrial fibrillation than is conventional 
dual-chamber or ventricular pacing in sinus-node 
disease.1,3 Unfortunately, concern about the late 
development of atrioventricular block generally 
discourages the frequent use of atrial pacemakers, 
and most patients receive conventional dual-cham-
ber pacemakers. Conventional dual-chamber pace-
makers result in a high frequency of ventricular 
pacing in the majority of patients despite intact 
atrioventricular conduction.10 This occurs because 
the most frequently recommended atrioventricu-
lar intervals for a pacemaker are similar to spon-
taneous PR intervals.9,13 Conventional dual-cham-
ber pacing therefore subjects most patients with 
sinus-node disease to a lifetime of “forced” ven-
tricular desynchronization.10 In contrast, the new 

pacemaker features for minimizing ventricular 
pacing that we used in this trial reduced the per-
centage of ventricular paced beats by 90 percent-
age points, to a median value of 9%, while main-
taining high levels of atrial paced beats.

On the basis of the post hoc analyses of MOST 
and the results of some trials involving defibril-
lators, albeit in a very different population, older 
pacemaker algorithms to reduce ventricular pac-
ing have been used to attenuate adverse effects 
among patients with implantable cardioverter–
defibrillators who do not have symptomatic bra-
dycardia.35 The newer programming for dual-
chamber minimal ventricular pacing that was used 
in our study was developed specifically to yield 
“functional” pacing of the atrium in the safe con-
text of a dual-chamber pacemaker. These new 
pacemaker features selectively uncouple atrial from 
ventricular paced beats without sacrificing atrial 
support or atrioventricular synchrony.13,14 We are 
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Figure 3. Hazard Ratios and 95% Confidence Intervals for Persistent Atrial Fibrillation According to Clinical Subgroup.

The dashed vertical line indicates the hazard ratio for the entire population. None of the differences between subgroups were signifi-
cant. The left ventricular ejection fraction was not documented in 264 patients.
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not aware that these new pacemaker features 
have been tested prospectively in large-scale trials 
until now, and long atrioventricular intervals may 
invoke clinical concern in some patients.36 None 
of these concerns materialized in this or other13,14 
trials of dual-chamber minimal ventricular pac-
ing. In conclusion, prevention of ventricular desyn-
chronization with the use of new pacemaker fea-
tures for dual-chamber minimal ventricular pacing 
as compared with conventional dual-chamber pac-
ing moderately reduces the risk of the develop-
ment of persistent atrial fibrillation in patients 
with sinus-node disease.

Supported by Medtronic.
Dr. Sweeney reports receiving consulting and lecture fees 

from Medtronic. Dr. Bank reports receiving consulting fees, 
lecture fees, and grant support from Medtronic and Boston Sci-
entific and lecture fees and grant support from St. Jude Medical. 
Dr. Nsah reports serving on the physician advisory board of 
Medtronic. Drs. Koullick and Hettrick, Mr. Sheldon, and Ms. 
Zeng report being employees of and having equity interest in 
Medtronic. Dr. Lamas reports receiving consulting and lecture 
fees from Medtronic and lecture fees from Guidant. No other 
potential conflict of interest relevant to this article was reported.

1.0

Pr
op

or
tio

n 
w

ith
ou

t I
nt

er
ve

nt
io

n
fo

r 
A

tr
ia

l F
ib

ri
lla

tio
n

0.9

0.8

0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Dual-chamber minimal ventricular pacing

Conventional dual-chamber pacing

Years after Implantation

P=0.06

No. at Risk 1065 859 750 610 445 257 120

AUTHOR:

FIGURE:

JOB:

4-C
H/T

RETAKE

SIZE

ICM

CASE

EMail Line
H/T
Combo

Revised

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

REG F

Enon

1st
2nd
3rd

Sweeney

4 of 4

09-06-07

ARTIST: ts

35710 ISSUE:

22p3

Figure 4. Time to First Cardioversion, Catheter Ablation of the Atrioventricular 
Node, or Pulmonary-Vein Isolation According to Treatment Group.

The time to first cardioversion, catheter ablation of the atrioventricular node, 
or pulmonary-vein isolation showed a difference of borderline significance 
favoring dual-chamber minimal ventricular pacing (hazard ratio, 0.62; 95% CI, 
0.37 to 1.03).

References

Andersen HR, Nielsen JC, Thomsen 
PE, et al. Long-term follow-up of patients 
from a randomized trial of atrial versus 
ventricular pacing for sick-sinus syndrome. 
Lancet 1997;350:1210-6.

Andersen HR, Nielsen JC, Thomsen 
PE, et al. Atrioventricular conduction dur-
ing long-term follow-up of patients with 
sick sinus syndrome. Circulation 1998;98: 
1315-21.

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

Lamas GA, Orav EJ, Stambler BS, et al. 
Quality of life and clinical outcomes in 
elderly patients treated with ventricular 
pacing as compared with dual-chamber 
pacing. N Engl J Med 1998;338:1097-104.

Connolly SJ, Kerr CR, Gent M, et al. 
Effects of physiologic pacing versus ven-
tricular pacing on the risk of stroke and 
death due to cardiovascular causes. N Engl 
J Med 2000;342:1385-91.

Lamas GA, Lee KL, Sweeney MO, et 
al. Ventricular pacing or dual-chamber 
pacing for sinus node dysfunction. N Engl 
J Med 2002;346:1854-62.

Toff WD, Camm AJ, Skehan JD. Single-
chamber versus dual-chamber pacing for 
high-grade atrioventricular block. N Engl 
J Med 2005;353:145-55.

Healey JS, Toff WD, Lamas GA, et al. 
Cardiovascular outcomes with atrial-based 
pacing compared with ventricular pacing: 

1.

2.

3.

4.

5.

6.

7.

8.

meta-analysis of randomized trials, using 
individual patient data. Circulation 2006; 
114:11-7.

Wilkoff BL, Cook Jr, Epstein AE, et al. 
Dual-chamber pacing or ventricular back-
up pacing in patients with an implantable 
defibrillator: the Dual Chamber and VVI 
Implantable Defibrillator (DAVID) Trial. 
JAMA 2002;288:3115-23.

Sweeney MO, Hellkamp AS, Ellenbo-
gen KA, et al. Adverse effect of ventricular 
pacing on heart failure and atrial fibrilla-
tion among patients with normal baseline 
QRS duration in a clinical trial of pace-
maker therapy for sinus node dysfunc-
tion. Circulation 2003;107:2932-7.

Sweeney MO, Hellkamp AS. Heart 
failure during cardiac pacing. Circulation 
2006;113:2082-8.

Gregoratos G, Abrams J, Epstein AE, et 
al. ACC/AHA/NASPE 2002 guideline up-
date for implantation of cardiac pacemak-
ers and antiarrhythmia devices: summary 
article: a report of the American College of 
Cardiology/American Heart Association 
Task Force on Practice Guidelines (ACC/
AHA/NASPE Committee to Update the 1998 
Pacemaker Guideines). Circulation 2002; 
106:2145-61.

Sweeney MO, Ellenbogen KA, Casa-
vant D, et al. Multicenter, prospective, 
randomized safety and efficacy trial of a 
new atrial-based managed ventricular pac-
ing mode (MVP) in dual chamber ICDs.  
J Cardiovasc Electrophysiol 2005;16:811-7.

Melzer C, Sowelam S, Sheldon TJ, et 
al. Reduction of right ventricular pacing 
in patients with sinus node dysfunction 

9.

10.

11.

12.

13.

14.

using an enhanced search AV algorithm. 
Pacing Clin Electrophysiol 2005;28:521-7.

Prinzen F, Spinelli JC, Auricchio A. 
Basic physiology and hemodynamics of 
cardiac pacing. In: Ellenbogen KA, Kay 
GN, Lau CP, Wilkoff BL, eds. Clinical car-
diac pacing, defibrillation and resynchro-
nization therapy. 3rd ed. Philadelphia: 
Saunders, 2007:291-335.

Fuster V, Rydén LE, Asinger RW, et al. 
ACC/AHA/ESC guidelines for the man-
agement of patients with atrial fibrilla-
tion: a report of the American College of 
Cardiology/American Heart Association 
Task Force on Practice Guidelines and the 
European Society of Cardiology Commit-
tee for Practice Guidelines and Policy 
Conferences (Committee to Develop Guide-
lines for the Management of Patients with 
Atrial Fibrillation). J Am Coll Cardiol 2001; 
38:1231-66.

Glotzer TV, Hellkamp AS, Zimmer-
man J, et al. Atrial high rate episodes de-
tected by pacemaker diagnostics predict 
death and stroke: report of the Atrial Di-
agnostics Ancillary Study of the Mode 
Selection Trial (MOST). Circulation 2003; 
107:1614-9.

Purerfellner H, Gillis AM, Holbrook 
R, Hettrick DA. Accuracy of atrial tachyar-
rhythmia detection in implantable devices 
with arrhythmia therapies. Pacing Clin 
Electrophysiol 2004;27:983-92. [Erratum, 
Pacing Clin Electrophysiol 2004;27(10):
following table of contents.]

Gillis AM, Morck BA. Atrial fibrilla-
tion after DDDR pacemaker implantation. 
J Cardiovasc Electrophysiol 2002;13:542-7.

15.

16.

17.

18.

19.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 25, 2009 . For personal use only. No other uses without permission. 



n engl j med 357;10  www.nejm.org  september 6, 20071008

Minimizing Ventricular Pacing to Reduce Atrial Fibrillation

Ziegler PD, Koehler JL, Mehra R. 
Comparison of continuous versus inter-
mittent monitoring of atrial arrhythmias. 
Heart Rhythm 2006;3:1445-52.

Orlov MV, Ghali JK, Araghi-Niknam 
M, Sherfesee L, Sahr D, Hettrick DA. 
Asymptomatic atrial fibrillation in pace-
maker recipients: incidence, progression, 
and determinants based on the Atrial 
High Rate Trial. Pacing Clin Electrophysi-
ol 2007;30:404-11.

Passman RS, Weinberg KM, Freher M, 
et al. Accuracy of mode switch algorithms 
for detection of atrial tachyarrhythmias.  
J Cardiovasc Electrophysiol 2004;15:773-7.

Cox DR. Regression models and life-
tables. J R Stat Soc [B] 1972;34:187-220.

Kaplan EL, Meier P. Nonparametric 
estimation from incomplete observations. 
J Am Stat Assoc 1958;53:457-81.

O’Brien PC, Fleming TR. A multiple 
testing procedure for clinical trials. Bio-
metrics 1979;35:549-56.

Wiggers C. The muscular reactions of 
the mammalian ventricles to artificial sur-
face stimuli. Am J Physiol 1925;73:346-78.

Prinzen FW, Peschar M. Relation be-
tween the pacing induced sequence of 
activation and left ventricular pump func-

20.

21.

22.

23.

24.

25.

26.

27.

tion in animals. Pacing Clin Electrophysi-
ol 2002;25:484-98.

Prinzen FW, Cheriex EC, Delhaas T, et 
al. Asymmetric thickness of the left ven-
tricular wall resulting from asynchronous 
electric activation: a study in dogs with 
ventricular pacing and in patients with 
left bundle branch block. Am Heart J 
1995;130:1045-53.

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

Nielsen JC, Andersen HR, Thomsen 
PEB, et al. Heart failure and echocardio-
graphic changes during long-term follow-
up of patients with sick sinus syndrome 
randomized to single-chamber atrial or 
ventricular pacing. Circulation 1998;97: 
987-95.

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

Klein LS, Miles WM, Zipes DP. Effect 
of atrioventricular interval during pacing 
or reciprocating tachycardia on atrial size, 

28.

29.

30.

31.

32.

pressure, and refractory period: contrac-
tion-excitation feedback in human atria. 
Circulation 1990;82:60-8.

Calkins H, el-Atassi R, Kalbfleisch S, 
Langberg J, Morady F. Effects of an acute 
increase in atrial pressure on atrial refrac-
toriness in humans. Pacing Clin Electro-
physiol 1992;15:1674-80.

Kanzaki H, Bazaz R, Schwartzman D, 
Dohi K, Sade LE, Gorscan J III. A mecha-
nism for immediate reduction in mitral 
regurgitation after cardiac resynchroni-
zation therapy: insights from mechanical 
activation strain mapping. J Am Coll Car-
diol 2004;44:1619-25.

Olshansky B, Day JD, Moore S, et al. Is 
dual-chamber programming inferior to 
single-chamber programming in an im-
plantable cardioverter-defibrillator? Re-
sults of the INTRINSIC RV (Inhibition of 
Unnecessary RV Pacing With AVSH in 
ICDs) study. Circulation 2007;115:9-16.

Mabo P, Pouillot C, Kermarrec A, Le-
Long B, Lebreton H, Daubert C. Lack of 
physiological adaptation of the atrioven-
tricular interval to heart rate in patients 
chronically paced in the AAIR mode. Pac-
ing Clin Electrophysiol 1991;14:2133-42.
Copyright © 2007 Massachusetts Medical Society.

33.

34.

35.

36.

apply for jobs electronically at the nejm careercenter

Physicians registered at the NEJM CareerCenter can apply for jobs electronically 
using their own cover letters and CVs. You can keep track of your job-application 

history with a personal account that is created when you register  
with the CareerCenter and apply for jobs seen online at our Web site.  

Visit www.nejmjobs.org for more information. 

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 25, 2009 . For personal use only. No other uses without permission. 


