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Introduction
Many patients with bradyarrhythmia need atrial pacing and 

recently alternative pacing sites instead of right atrial appendage 
(RAA) pacing are featured to prove efficacious in preventing various 
supraventricular tachyarrhythmia.1-7 Especially, several clinical 
studies have demonstrated that lower right atrial septal (LS) pacing 
is associated with shortened inter-atrial conduction delay and 
decreased P-wave duration1,7-13 and LS pacing reduces the recurrence 
of atrial fibrillation (AF) compared with traditional RAA pacing.7,12 
However, some patients cannot receive LS pacing. We sometimes 
implant a right atrial (RA) lead in high atrial septum (HS) or mid 
atrial septum (MS) because the prevalence of far-field R-wave 
(FFRW) sensing in the LS region is high.5 It has not become clear 

what differences are brought by HS or MS pacing compared with 
RAA pacing.
Methods And Materials

223 consecutive new patients with a RA electrode during 
the period from January 2004 to December 2012 were studied 
retrospectively. 104 patients were male and 119 were female, their 
ages ranged from 27 – 93 years (mean (SD), 74.4 (9.3)), and mean 
follow-up duration was 4.5years (Table 1). They were observed 
regularly at our pacemaker (PM) clinic every 3-6 months, and 
their baseline characteristics, clinical status, medical therapy, device 
memory were retrieved from medical records and device. They had 
at least one of sick sinus syndrome (SSS), atrioventricular block 
(AVB) or both of them, and prior paroxysmal atrial fibrillation 
(PAF) was detected by 12-lead surface electrocardiogram (ECG) in 
52 patients. The site of RA lead was assessed by fluoroscopic images 
at right anterior oblique (RAO) and left anterior oblique (LAO), 
chest X-ray, and P wave morphology in II and V1 leads on ECG. 
We defined HS as the position that brought positive P wave in II 
lead on ECG, and LS pacing gave negative P wave in II lead. We 
recognized MS pacing brought both of positive and negative P wave 
in II lead and RAA pacing revealed negative P wave or both of 
positive and negative P wave in V1 lead. All patients were performed 
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Abstract
Introduction: Recently right atrial septal (RAS) pacing is often selected, but the benefit brought by RAS pacing has not been clear. The aim 

of this study was to evaluate the differences between RAS pacing and right appendage (RAA) pacing.  
Methods: 223 consecutive new patients with a right atrial (RA) electrode during the period from January 2004 to December 2012 were 

studied retrospectively. They were observed regularly at our pacemaker (PM) clinic, and we measured paced P - sensed QRS interval (pPQi) 
and left atrial dimension (LAD) during the observation period, furthermore the onset of atrial fibrillation (AF) was assessed. 

Results: Mean age was 74.5 years and 104 were men. Mean follow-up period was 4.5 years. 177 patients received RAA pacing and 46 
received RAS pacing. There was no difference of LAD and pPQi between patients with RAA pacing and with RAS pacing with more than 
50% of percentage as the atrial pacing (%AP). About the comparison between intrinsic PQ interval and pPQi, only RAA pacing made long 
significantly from intrinsic PQ interval to pPQi (p=0.020, 172.3±46.3 vs. 189.7±38.0). The %AP more than 50% brought less probability 
of the onset AF. On the other hand, none of pacing sites of RA, pacing mode, and the percentage of ventricular pacing influenced on the 
probability of the onset of AF. Although in patients with 50% as %AP RAA pacing made patients with AF increased (from 17 to 22), RAS 
pacing made them decreased (from 14 to 12).

Conclusions: This study did not show the superiority of RAS pacing to RAA pacing, it seems that %AP is more important for the onset of 
AF. The possibility was seen that RAS pacing reduces the onset of AF.
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history between patients with RAS pacing and RAA pacing. 78% 
of antiarrhythmic agents were given to patients with AF and there 
was no difference of medication between patients with RAS pacing 
and them with RAA pacing. PM programming is shown in Table2 
and no patient with RAS pacing had AAI mode. Position of RA 
electrodes is revealed in Figure (Fig.) 1, only one patient had LS 
pacing. So, the evaluation was done among patients who had one of 
RAA, HS, or MS pacing.

P-wave sensing with RAA pacing at PM implantation was higher 
than that with HS and MS pacing, but the difference disappeared 
during follow-up period (Table 3). Threshold with HS pacing was 
significantly high through an observational period and impedance 
with RAA pacing was higher than that with HS and MS pacing. 
Among patients with RAA, HS, and MS pacing, there was no 

ECG and echocardiography at PM implantation, and paced P - 
sensed QRS interval (pPQi) on ECG was measured and M-mode 
echocardiography was done to measure left atrial dimension (LAD). 
ECG was performed every year and echocardiography was done 
when patients appeared for chest discomfort, any cardiovascular 
event, or tachyarrhythmia was detected by device during the follow-
up period. PAF was defined when it continued more than 30 seconds 
and persistent atrial fibrillation (PeAF) was defined if AF continued 
during two times of PM check. Survival free from PAF or PeAF was 
also evaluated.

Analysis: Data are presented as mean ± SD, a value of p <0.05 was 
considered statistically significant. For continuous variables, 2-group 
comparisons were performed with the parametric 2-sample t test or 
Mann-Whitney test. To identify differences in one patient between 
two time points, a paired sample t-test was used, when the data was 
not normally distributed, a Wilcoxon signed ranks test was used. 
And statistical analysis was done with one-way analysis of variance 
or with Kruskal-Wallis analysis of variance when assumptions of 
normality of the distribution or homogeneity of variances were not 
verified. Survival from PAF or PeAF was estimated using Kaplan-
Meier methods, and relative risk and 95% confidence interval were 
calculated by Cox proportional hazards methods. Statistical analysis 

was performed with JMP 9.0.1.
Results
Baseline characteristics of the study population is shown in Table 
1. 52 patients had PAF at PM implantation and the percentage of 
patients with PAF for all patients with RAS pacing was more than 
that with RAA pacing. There was no significant difference of medical 

Table 1: Baseline characteristic of the study population

Total n=223 
no of pts (%)  
/ mean ± SD

RAA n=177 
no of pts  (%)  
/ mean ± SD

RAS n=46 
no of pts  (%) / 
mean ± SD

Age − yo. 74.4 ± 9.3 74.5± 8.9 74.5 ± 10.1

Male − no. (%) 104 (46.6) 81 (45.8) 23 (50.0)

Mean follow up duration−yo. 4.5 ± 2.6 4.6 ± 2.7 4.1 ± 2.3

Arrhythmia indicating PM treatment

SSS − no. (%) 37 (16.6) 29(16.4) 8 (17.4)

SSS + AF − no. (%) 46 (20.6) 25 (14.1) 21 (45.7)

AVB − no. (%) 134 (60.1) 118 (66.7) 16 (34.8)

AVB + AF –no. (%) 6 (2.7) 5 (2.8) 1 (2.2)

Medical history before PM implantation

Coronary artery disease 42 (18.8) 32 (18.1) 10 (21.7)

Previous heart failure 17 (7.6) 12 (5.4) 5 (8.9)

Cardiomyopathy 6 (2.7) 5 (2.8) 1 (2.2)

Valvular disease 13 (5.8) 11 (6.2) 2 (4.3)

Congenital heart disease 1 (0.4) 0 (0.0) 1 (2.2)

Hypertension 62 (27.8) 52 (29.4) 10 (21.7)

Diabetes mellitus 44 (19.7) 34 (19.2) 10 (21.7)

Medication during observational period− no. (%)

β blockers 44 (19.7) 30 (16.9) 14 (30.4)

Calcium-channel blockers 29 (13.0) 21 (11.9) 8 (17.4)

Digoxin 17 (7.6) 9 (5.1) 8 (17.4)

Antiarrhythmic agents

Na-channel blockers 22 (9.9) 14 (7.9) 8 (17.4)

K-channel blockers 11 (4.9) 8 (4.5) 3 (6.5)

Angiotensin-converting-  Enzyme 
inhibitors

11 (4.9) 9 (5.1) 2 (4.3)

Angiotensin-receptor

blokcers 89 (44.4) 71 (40.1) 18 (39.1)

Diuretics 79 (35.4) 63 (35.6) 16 (34.8)

Antiplatelet agents 74 (33.2) 56 (31.6) 18 (39.1)

Anticoagulant agents 53 (23.8) 40 (22.6) 13 (28.2)

Table 2: PM programming mode

DDD (n) DDI (n) AAI (n) AAI-DDD (n)*

RAA RAS RAA RAS RAA RAS RAA RAS

154 29 2 3 5 0 16 14

183 5 5 30

*AAI-DDD: automatic mode switch between AAI and DDD

Table 3: Parameters and mean %AP in all patients

RAA (n=177) HS (n=21) MS (n=24) p value

Parameters

P-wave sensing (mV) 

Baseline 3.1 ± 1.6 2.7 ± 1.7 2.0 ± 1.6 <0.003

Follow-up 2.9 ± 1.5 2.4 ± 1.7 2.1 ± 1.4 0.176

Threshold (V)

Baseline 0.69 ± 0.35 1.03 ± 0.30 0.73 ± 0.42 <0.001

Follow-up 1.00 ± 0.39 1.13 ± 0.35 1.00 ± 0.28 <0.001

Impedance (Ω) 

Baseline 664.9 ± 226.9 510.7 ± 174.8 551.1 ± 189.5 <0.001

Follow-up       627.1 ± 225.2 485.6 ± 130.3 441.7 ± 84.8 <0.001

Mean%AP (%) 35.1 ± 50.2 48.8 ± 42.6 53.7 ± 45.9 0.123

Threshold brought by HS pacing was significantly high through an observational period. 
Impedance brought by RAA pacing was higher than that brought by RAS pacing. Only one patient 
had LS pacing. There was no difference of mean %AP

Table 4: LAD and LA%FS in patients with %AP>=50%

RAA (n=54) HS (n=8) MS (n=12) p value

LAD (mm)

  At PM implantation 46.8 ± 8.3 34.5 ± 7.8 46.3 ± 7.1 0.867

  Follow-up 46.0 ± 8.8 37.3 ± 3.1 44.6 ± 6.9 0.233

  p value 0.734 0.728 0.682                    

LA%FS (%)

  At PM implantation 16.0 ± 4.8 13.2 ± 4.6 19.1 ± 2.9 0.211

  Follow-up         16.9 ± 6.4 14.6 ± 2.3 19.1 ± 3.9 0.512

p value 0.191 0.432 0.893

There was no significant difference of LAD and LA%FS between patients with RAA pacing and RAS 
pacing through the observational period. Follow-up LAD and LA%FS were not different from those 
at PM implantation in all groups
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and MS pacing in patients with SSS and without AF before PM 
implantation (p=0.482, Fig. 2A). In patients without AF before PM 
implantation, patients with SSS clearly tended to have AF regardless 
of atrial pacing sites compared with patients with AVB (p=0.014, 
Fig. 3). In patients with prior AF, the incidence of AF in patients 
with %AP>=50% was significantly less than that in patients with 
%AP<50% (p=0.029, hazard ratio (HR) 2.19 (confidence interval 
(CI): 1.04-4.47), Fig. 4A), and this tendency was also recognized 
in patients with SSS and with prior AF (p<0.001, HR=3.76 (CI: 
1.63-8.48), Fig. 4B). On the other hand, the %AP didn’t bring any 
difference on free from AF in patients without AF (%AP>=50% vs. 
%AP<50, P=0.246, HR=1.49 (CI: 0.73-2.90)). Furthermore, pacing 
mode did not any influence on occurrence of AF (comparison among 
automatic mode switch between AAI and DDD (AAI-DDD), 

risks of stroke and heart failure.14, 15 There are many patients needing 
atrial pacing in the clinical situation and AF develops with constant 
probability. When we had only tined leads, we did not have a choice 
other than right appendage as the place to implant an electrode, 
but it is now able to choose the position to implant atrial lead after 
screw-in leads appeared.16 Then, which is the best location of RA to 
implant in an electrode?

It was reported that to pace both atria simultaneously from a single 
site using a standard active fixation lead guided by transesophageal 
echocardiography (TEE) and fluoroscopy was possible 16and 

significant difference of LAD and left atrial percent fraction shortening 
(LA%FS) in patients with more than 50% as the percentage of the 
atrial pacing (%AP) (Table4). LA%FS was measured as one of the 
indices of left atrial (LA) pump function. Similarly, there was no 
difference of pPQi in patients with %AP>=50% among patients with 
RAA, HS, MS pacing, but pPQi was clearly longer than intrinsic PQ 
interval in patients with RAA pacing (Table5). 

Survival free from PAF or PeAF is shown Fig. 2-Fig. 4. The 
appearance of AF with RAA pacing was similar to that with HS DDD, and DDI in patients with prior AF, P=0.776, and comparison 

among AAI-DDD, DDD, and AAI in patients without prior AF, 
P=0.489), and similarly the percentage of ventricular pacing (%VP) 
did not any influence on the onset of AF (%VP <80% vs. %VP>=80 
in patients with prior AF, p=0.313, HR=0.65 (CI: 0.29-1.64), and 
%VP<80% vs. %VP>=80% in patients without prior AF, p=0.502, 
HR=1.26, (CI: 0.64-2.43)). Although the number of patients with 
AF with RAS pacing increased from 21 to 22 and that with RAA 
pacing increased from 30 to 54, in patients with >=50% as %AP RAS 
pacing decreased the number of patients with AF (from 14 to 12) 
while RAA pacing increased it (from 17 to 22) (table 6). 
Discussion

AF is arrhythmia that can give a big influence to the life including 

Figure 1: Position Of RA Electrodes

Figure 2A: Free from AF in patients with SSS and without AF before PM 
implantation

Figure 2B: Free from AF in patients with SSS and without AF before PM 
implantation

Table 5: PQ interval in patients with %AP>50%

RAA (n=54) HS (n=8) MS (n=12) p value

PQ interval (ms)

  Intrinsic PQ 172.3 ± 46.3 140.4 ± 24.5 166.0 ± 42.0 0.187

  Paced PQ 189.7 ± 38.0 147.2 ± 23.9 187.2 ± 56.9 0.074

  p value 0.020 0.366 0.625

No significant difference of paced PQ interval between RAA pacing and RAS pacing was 
recognized. In comparison between intrinsic PQ interval and paced PQ interval, paced PQ interval 
caused by RAA pacing was clearly longer. 

Table 6: No. of patients with AF and with %AP>=50%

Pacing site (n) Arrhythmia before 
PM implantation (n)

No. of patients with AF (n) +/— Total

Before Follow-up

RAA (54) SSS + AF (15) 15 10 -5 +5

SSS (15) 0 6 +6

AVB (24) 2 6 +4

RAS (20) SSS + AF (14) 14 10 -4 -2

SSS (5) 0 2 +2

AVB (1) 0 0 0

In patients with SSS and AF before PM implantation, both of RAA pacing and RAS pacing 
decreased patients with AF. But as a whole RAA pacing increased patients with AF and RAS 
pacing decreased that
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in this study. On the other hand, there was a report that LAD is 
affected by pacing sites in RA.9 It is thought that non-physiological 
atrial pacing will cause extended LAD, so RAA pacing may extend 
LAD during a long-term observation period. Thus RAA pacing is 
not considered as the appropriate pacing site for atrial pacing. 

However some reports show that ventricular pacing influences on 
the onset of AF,18 the percentage of ventricular pacing wasn’t related 
with an appearance of AF in this study. It is considered that VVI 
pacing brings the onset of AF more than DDD pacing,15, 18, 19 and 
since this study excluded patients with VVI pacing, consequently 
it seems that physiological ventricular pacing such as DDD pacing 
brought little difference about the onset of AF compared with AAI 
pacing or AAI-DDD pacing in this study.18, 19 And more, although 
Sweeney et al. reported that AAI-DDD reduces PeAF in patients 
with SSS,25 there is not a significant difference about the onset of AF 
between AAI-DDD and DDD in this study. AAI-DDD is useful 
for the onset of PeAF, but it is thought that AAI-DDD does not 
affect the onset of PAF. 

This study showed that the higher %AP brought higher probability 
of free from AF (Fig.4A, 4B). Especially, in patients who had SSS 
and PAF before PM implantation, the higher %AP suppresses 
an appearance of AF after PM implantation. This shows that 
atrial pacing has possibility of the suppression of the onset of AF. 
However, how should we decide the optimal pacing rate settings? 
Several studies have documented that RAS pacing or overdrive 
atrial pacing couldn’t suppress PeAF,19-24 so an advanced study is 
expected about that in the future. And in patients with more than 
50% as %AP RAA pacing increased the number of patients with 
AF (from 17 to 22), RAS pacing decreased them (from 14 to 12). 
Unfortunately, it was not enough number of patients to assess 
significant difference. Furthermore, in patients with SSS and AF 
before PM implantation RAA pacing also decreased the number of 
patients with AF, thus perhaps any pacing sites in RA might be able 
to suppress the occurrence of AF in patients with SSS and AF before 
PM implantation. But as a whole RAA pacing increased patients 
with AF compared with RAS pacing, so there is a possibility that 
RAS pacing may decrease the onset of AF.

Fig. 3 shows SSS brings more easily the onset of AF than AVB 
after all. We should implant an atrial electrode in RAS instead of 
RAA for patients who have SSS and prior PAF, and we should set 

interatrial septal pacing was a safe and feasible technique providing 
satisfying success rate in long-term maintaining sinus rhythm17 and 
therefore we expected a better effect of RAS pacing. It was reported 
that LS pacing made pPQi shorter. Actually it is not difficult for us 
to implant RA lead in LS,6 but in almost all cases at our hospital 
implantation of electrode in LS was impossible because of FFRW.5 
This study included only one case with LS pacing, so comparison 
was accomplished among patients with HS, MS and RAA pacing. 
Although there was no significant difference of pPQi among patients 
with HS, MS, and RAA pacing, pPQi caused by RAA pacing was 
clearly longer than intrinsic PQ interval. It seems that RAA pacing 
is not physiological in the atrium electrophysiologically, and it is 
thought that RAA pacing causes dysshynchronized contraction of 
the atrium and it might bring the remodeling of the atrium as a result. 
And more, longer pPQi will bring unexpected ventricular pacing, too. 
It was also reported about the possibility that longer pPQi causes 
more frequent occurrence of AF.13 Furthermore, this study did not 
show any difference of LAD and LA%FS among pacing sites in 
RA. LA%FS is recognized as reference for an index of LA pump 
function, and the differences of atrial functions such as atrial volume 
and velocity should be evaluated, but it was difficult for us to evaluate 
them except LAD and LA%FS because this is retrospective study. 
Unfortunately the evaluation of LA pump function was insufficient 

Figure 3: Free from AF in patients without AF before PM implantation

Figure 4A: Free from AF in patients without AF before PM implantation

Figure 4B: Free from AF in patients with SSS and with AF before PM 
implantation
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programming up to be higher %AP.
Limitation

This is a retrospective, single center study and it includes a small 
sample size. The background of patients at a PM implantation was 
very various and it is not denied that intention of doctors affected 
treatment to patients.
Conclusions

This study did not show the superiority of RAS pacing to RAA 
pacing clearly, but there is a possibility that RAS pacing controls the 
onset of AF and RAA pacing should not be selected because it brings 
longer pPQi. The higher %AP seems to make less onset of AF.
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