


acemaker (PM) technology and clinical practice 
permit the use of either single-chamber ventricu-

lar pacemakers (VVIR) or dual-chamber pacemakers 
(DDD) for patients who require cardiac pacing. Ven-
tricular pacemakers are less expensive, are easier to 
implant, and have longer service lives than dual-cham-
ber pacemakers. However, dual-chamber pacing has 
an advantage over single-chamber ventricular pacing 
in that it more closely resembles cardiac physiology 
by maintaining atrioventricular (AV) synchrony and 
dominance of the sinus node.[1] Because of this, it may 
reduce cardiovascular morbidity[2-4] and mortality, and 
may contribute to survival and improved quality of life 
(QoL).[3-5] According to previous data, both DDD and 
VVIR modes lead to similar improvements in exer-
cise tolerance.[6-8] Our study was designed to assess the 

-
lated QoL (HRQoL), 6-minute walk test (6MWT), and 
echocardiographic parameters in elderly patients with 
dual chamber pacemakers implanted for AV block.

We studied 30 consecutive patients aged 68.9±6.9 
years (men 69.4±2.2 years; 16 men) that had been 
referred for permanent pacemaker implantation. Pa-
tients were included in the study if they had an elec-
trocardiogram (ECG) that showed sinus rhythm and 
complete heart block before implantation, and if they 
had been able to do the daily activity tests described 
below. Patients with left ventricular dysfunction, acute 
coronary syndromes, sick sinus syndrome, hypertro-

phic obstructive cardio-
myopathy, left ventricular 
systolic dysfunction, si-
nus bradycardia with AV 
block, Mobitz type 1 AV 
block, supraventricular 
tachycardia, and transient 
AV block were excluded 
from the study. Informed 
consent was obtained 
from each patient and the study was approved by the 
local research ethics committee.

Study design

The study included two periods with crossover com-
parisons of DDD and VVIR modes. Each mode was 
maintained for one month. At enrollment, clinical 
baseline characteristics were assessed and a 12-lead 
surface ECG was obtained from each patient. Af-
ter patient selection, a non-permanent transvenous 
pacemaker was placed and the pacing rate was pro-
grammed to 60 beats per minute. Next, a dual cham-
ber pacemaker was implanted and the patient was 
randomized to either VVIR or DDD modes (mode 
1). One month later the patient returned for his/her 

included PM syndrome assessment (breathlessness, 
pulsation, dizziness, blackout, wheeze, fatigue, pal-
pitation, and cough), HRQoL questionnaires assessed 
by an SF-36 test,[9] 6-minute walk test,[10] and transtho-
racic echocardiographic examinations with Doppler 
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(AF) was detected by asking patients for newonset 
palpitations and by either analysing the pacemakers 
rhtym memory or by a 24 h rhtym holter ECG. After 
data were collected, the patients’ pacemaker modes 
were reprogrammed to the alternative modes (mode 
2). One month later, patients were reevaluated. The 
same protocol as previously described was once again 
performed on the patients. After this period, the study 
was stopped and all patients were returned to DDD 
pacing (Fig. 1).

Pacemaker programming

In all modes the lower and upper rates were set at 60 
and 120 beats/minute, respectively. The range of a-v 
delay was set as 120-150 ms. In VVIR mode, the rate 
response threshold was set at medium, and the curve 
was set between 6 and 8. 

Echocardiography

All echocardiographic studies were performed by two 
experienced operators using a commercially avail-
able system (GE Vivid 3, General Electrics, USA). 
Two-dimensional and M-mode measurements were 
performed according to the recommendations of the 
American Society of Echocardiography, working 
together with the European Association of Echocar-
diography.[11] Patients were examined while lying in 
the left lateral supine position. Echocardiography was 
performed twice during the study: it was repeated 
at the end of each one month period prior to repro-
gramming of pacing parameters. The left ventricular 
ejection fraction (LVEF) was determined using the 

areas and dimensions were obtained from apical four 
chamber, parasternal long axis, and apical two cham-
ber views. Left atrial volumes were calculated with 

recorded from apical four-chamber views with a 3-5 
mm pulsed-sample Doppler volume placed between 

early velocities (E) were recorded.[12] The tissue Dop-
pler program was set in pulsed-wave Doppler mode. 
A 3-5 mm sample volume was placed at both the lat-
eral and septal corners of the mitral annulus. The early 
phase of diastole (Ea) was recorded.[13] In order to cal-
culate the E/Ea ratio, the average of the velocities of 
the septal and lateral mitral annulus was used.

Statistical analyses

Analyses were performed using an SPSS 14.0 for 
Windows package program and all hypothesis test-

Parameters normally distributed were compared with 
the paired Student’s t-test. Analyses of variance for 
repeated measures ANOVA and Fisher’s Full Prob-
ability Test (Fisher’s Exact Test) were used. For pair-
wise comparisons the Bonferroni test was used.

The mean age of the patients was 68.8±6.9 years. The 
average ejection fraction was measured to be 60.2±4.2 
by the ellipsoid formula. Eighteen patients had hyper-
tension, six had coronary artery disease (CAD), and 
nine had type II diabetes mellitus. Basic demographic 

(DDD or VVIR) and the order of implantation did not 
affect our study results (Table 2).

Average walking distances were found to be simi-
lar between the two groups; 419±102 m for the VVIR 

(Table 2). We evaluated 8 different parameters for the 



physical function subscale and the physical role sub-

in these scores between the ventricular- pacing and 
the dual-chamber-pacing groups. Only parameters of 
pain scores were found to be higher with DDD pac-

available in 28 patients. We excluded two patients who 
had inadequate echocardiographic image quality.  The 
left atrial volume was found to be smaller within the 
DDD pacing group (VVIR group 38.5±14.3 vs. DDD 

Symptoms of PM syndrome were observed in two 
patients during VVIR stimulation. However, this was 

Our elderly population with dual-chamber pacemak-

from both modes of pacing that were tested. However, 
some echocardiographic parameters improved with 
DDD pacing more than with VVIR pacing.

Ouali et al.[14] demonstrated that elderly patients 
(over 70 years) with DDD pacing had a better QoL 
than did patients with VVIR pacing. CTOPP and 

-

with pacing and with the restoration of chronotrop-

ic competence. In both trials, pacing mode was not 
found to be important.[9,15,16] In our study, seven SF-36 
test parameters were similar in both groups. Only the 
sub-parameter of pain was better in the VVIR group. 

-
portant.

Previous studies have demonstrated similar exer-
cise tolerance results in both pacing modes.[7,14,17,18] 
We also observed that exercise performance assessed 

pacing mode.

Höjier et al.[19] found smaller left atrial end-sys-
tolic diameters with DDDR pacing than with VVIR 
pacing. Ouali et al.[14] showed that VVIR pacing elic-

a relatively short follow-up period of 3 months. In our 

DDD pacing as compared to VVIR pacing. Previous 
studies have suggested that LA enlargement was one 
of the major risk factors for AF.[20,21] As a consequence 
of atrial enlargement, it might be speculated that AF 
may develop more frequently with VVI pacing as 
compared to DDD. However, in our study AF was not 
detected in any of our patients. Left atrial volumes 
were different between groups. However, these dif-
ferences were not found to be predictors of health 
status (QoL) or exercise capacity of the patients. The 
follow-up period of our study was restricted to one 
month. With a longer follow-up period, the volume 



echocardiographic parameters. E/Ea ratios are indi-
[22] In our study, E/Ea 

with DDD pacing are smaller than those with VVIR 

is more physiological than VVIR pacing. On the other 
hand, DDD pacing also provided better left ventricu-
lar diastolic functions in our study.

According to previous data, PM syndrome was 
found in 5-15% of patients with VVI pacing.[23] The 
MOST study demonstrated that the frequency of pa-
tients who were switched to DDD pacing due to PM 
syndrome was 1% per year; all of these patients be-
gan with VVIR pacing.[9] Sulke et al.[15] found that 
subclinical PM syndrome occurred in 75% of patients 
after switching from DDD to VVI pacing mode. In 
our study, two patients reported fatigue and tiredness 
with VVIR pacing that improved after switching to 
DDD pacing. The 6MWT and QoL tests of these pa-
tients were not different from those of the others. This 

Today, in clinical practice, patients who receive a 
PM are usually over 60 years old.[24-26] Hemodynamic 
studies have revealed the importance of atrial contri-

[27,28] 
In our study, although it was a short follow-up pe-

-
cantly larger, and left ventricular diastolic functions 
were observed to be impaired with VVIR pacing. As 
a consequence to atrial enlargement, AF may develop 
in a longer term of follow-up. In elderly patients with 
complete heart block, efforts should be made to main-
tain AV synchrony, and DDD pacing should be the 
preferred pacing mode.

Limitations

Patients with permanent cardiac PM may develop PM 
syndrome over a long period of time. Our follow-up 
period was one month for each mode. In order to per-
form more accurate monitoring of PM syndrome, a 
longer term of follow-up is needed.

Conclusion

Our study revealed that in active elderly patients with 
complete heart block, DDD pacing and VVIR pac-

ing might yield to similar improvements in QoL and 
exercise performance. However, after a short follow-

enlargement and impaired diastolic functions, which 
could increase the risk of AF and PM syndrome in 
these patients.




