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Comparison of DDD versus VVIR pacing modes
in elderly patients with atrioventricular block
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ABSTRACT

Objectives: Dual-chamber pacing is believed to have an
advantage over single-chamber ventricular pacing. The
aim of this study was to determine whether elderly patients
who have implanted pacemakers for complete atrioven-
tricular block gain significant benefits from dual-chamber
(DDD) pacemakers compared with single chamber ventric-
ular (VVIR) pacemakers.

Study design: This study was designed as a randomized, two-
period crossover study-each pacing mode was maintained
for 1 month. Thirty patients (16 men, mean age 68.87+6.89
years) with implanted DDD pacemakers were submitted to a
standard protocol, which included an interview, pacemaker
syndrome assessment, health related quality of life (HRQoL)
questionnaires assessed by an SF-36 test, 6-minute walk
test (6BMWT), and transthoracic echocardiographic examina-
tions. All of these parameters were obtained on both DDD
and VVIR mode pacing. Paired data were compared.

Results: HRQoL scores were similar, and 6MWT results
did not differ between the two groups. VVIR pacing elic-
ited significant enlargement of the left atrium and impaired
left ventricular diastolic functions as compared with DDD
pacing. Two patients reported subclinical pacemaker syn-
drome, but this was not statistically significant.

Conclusion: Our study revealed that in active elderly pa-
tients with complete heart block, DDD pacing and VVIR
pacing yielded similar improvements in QoL and exercise
performance. However, after a short follow-up period, we
noted that VVIR pacing caused significant left atrial enlarge-
ment and impaired left ventricular diastolic functions.

OzET

Amacg: iki odacikli uyari veren kalici kalp pillerinin tek oda-
cikli uyari verenlere gére belirgin Ustinligine inaniimakta-
dir. Bu ¢alismanin amaci, atriyoventrikller (AV) tam blok ta-
nisi ile kalci kalp pili takilan yash hastalarda, tek odacik-
It ventrikuler (VVIR) kalici kalp piliyle karsilastirildiginda iki
odacikli (DDD) kalici kalp pillerinin belirgin yararlarinin olup
olmadiginin saptanmasidir.

Calisma plani: Bu ¢alisma randomize, iki periyotlu cap-
raz ve her kalp pili mod periyodu 1 ay surecek sekilde ta-
sarlandi. DDD kalp pili takilan otuz hastaya (16 erkek, or-
talama yas 68.87+6.89) standart bir protokol uygulandi.
Protokolde karsilikli gériisme, pacemaker sendromu de-
gerlendirmesi, saglikla iligkili yasam kalitesi (SiYK) anke-
ti (SF-36 testi), 6 dakika ylrime testi ve transtorasik eko-
kardiyografik inceleme yapildi. Bu degiskenlerin timu her
iki DDD ve VVIR modunda uygulandi. Elde edilen veriler
karsilastirildi.

Bulgular: SIYK skorlari benzer bulundu. Alti dakika yiri-
me testi sonuclari iki grupta da benzerdi. DDD mod kalp
pili ile karsilastirildiginda, VVIR mod kalp pilinde sol atri-
yumun genisledigi, sol ventrikul diyastolik fonksiyonlarinin
bozuldugu saptandi. iki hastada istatistiksel anlama ulas-
mayan subklinik pacemaker sendromu saptandi.

Sonucg: AV tam blok tanisi ile kalici kalp pili takilan aktif yas-
Il hastalarda yasam kalitesi ve egzersiz performansi agisin-
dan DDD ve VVIR mod kalp pili arasinda fark saptanma-
mistir. Fakat, bir aylik kisa takip stresine ragmen VVIR mod
kalp pili ile sol atriyumda genisleme ve sol ventrikul diyasto-
lik fonksiyonlarinda bozulma saptanmistir.
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Pacemaker (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.™™ Because of this, it may
reduce cardiovascular morbidity™* and mortality, and
may contribute to survival and improved quality of life
(QoL).E% According to previous data, both DDD and
VVIR modes lead to similar improvements in exer-
cise tolerance.®® Our study was designed to assess the
influence of different pacing modes on the health re-
lated QoL (HRQoL), 6-minute walk test (6MWT), and
echocardiographic parameters in elderly patients with
dual chamber pacemakers implanted for AV block.

PATIENTS AND METHODS

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

Abbreviations:

AV Atrioventricular

DDD  Dual-chamber pacemakers
Ea Early phase of diastole
ECG  Electrocardiogram

E Peak early velocities

block, supraventricular  HRQoL Health related QoL
tachycardia, and transient ;ML gacelf?akff’rl_f

0 uality of life
AV block were excluded VVIR  Single-chamber ventricular
from the study. Informed pacemakers

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
first visit. A standard protocol was submitted which
included PM syndrome assessment (breathlessness,
pulsation, dizziness, blackout, wheeze, fatigue, pal-
pitation, and cough), HRQoL questionnaires assessed
by an SF-36 test,”®! 6-minute walk test,*? and transtho-
racic echocardiographic examinations with Doppler

[Patient identication] [ Randomization ]

S

Crossover ] [ End of study ]

VVIR

DDD

Kot

R)

=%

VVIR

——

|

[ Echocardiography

Echocardiography Echocardiography
SF-36 Test, Questionnaire SF-36 Test, Questionnaire
6MWT 6MWT

Figure 1. Study design. 6MWT: Six-minute walk test.
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Table 1. Basic demographic data

Male

Female Total

n % Mean+SD

n % Mean+SD n % Mean+SD

Patients 16  53.3

Age 69.4+2.2
Left ventricular ejection fraction 58.6+3.5
Hypertension 10 625

Coronary artery diseases 4 25

Type |l diabetes mellitus 5 31.2

14  46.6 30 100
68.5+1.1 68.9+6.9
62.1+4.4 60.2+4.2

57.1 18 60

14.3 6 20

28.5 9 30

tissue imaging (DTI) measurements. Atrial fibrilation
(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.i*t! 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
modified Simpson’s method (area-length). Left atrial
areas and dimensions were obtained from apical four
chamber, parasternal long axis, and apical two cham-
ber views. Left atrial volumes were calculated with

the ellipsoid formula. Transmitral flow patterns were
recorded from apical four-chamber views with a 3-5
mm pulsed-sample Doppler volume placed between
mitral valve tips in diastole during five consecutive
cardiac cycles. Mitral inflow (at end expiration) peak
early velocities (E) were recorded.*?l 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.™! 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-
ing was performed at the level of 0=0.05 significance.
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.

RESULTS

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 Il diabetes mellitus. Basic demographic
data are presented in Table 1. The first pacing mode
(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
group and 419+93 m for the DDD group (p=0.86)
(Table 2). We evaluated 8 different parameters for the
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Table 2. Quality of life test (SF-36), six-minute walk and echocardiography results
Group 1 (VVIR) Group 2 (DDD) p p*
Mean+SD Mean+SD

Physical function 86+20 84+14 0.39 0.32
Physical role 65+44 66+43 0.95 0.51
Emotional role 92427 85+29 0.27 0.23
Pain 93+14 87+18 0.04 0.14
General health 67+13 6417 0.43 0.58
Energy 60+28 67+14 0.13 0.14
Social function 94+10 89+17 0.08 0.41
Mental health 71+13 72+12 0.86 0.54
Six-minute walk test 419+102 419193 0.49 0.21
Left atrial volume 38.5+14.3 34.0+13.9 0.01 0.79
E/Ea 7.5+2.0 7.1+1.8 0.01 0.52

p<0.05; *Repeated measures ANOVA (Analyses of the order effect). E: Peak early velocities; Ea: Early phase of diastole.

physical function subscale and the physical role sub-
scale of SF-36. There were no significant differences
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-
ing (p=0.05) (Table 2). Echocardiographic data were
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
group 34.0+13.9, p=0.03) (Table 2). The E/Ea ratio was
significantly lower in the DDD pacing group (VVIR
group 7.5+2.0 and DDD group 7.1£1.8, p=0.01).

Symptoms of PM syndrome were observed in two
patients during VVIR stimulation. However, this was
not statistically significant (p=0.48).

DISCUSSION

Our elderly population with dual-chamber pacemak-
ers inserted for complete AV block benefited equally
from both modes of pacing that were tested. However,
some echocardiographic parameters improved with
DDD pacing more than with VVIR pacing.

Ouali et al.* demonstrated that elderly patients
(over 70 years) with DDD pacing had a better QoL
than did patients with VVIR pacing. CTOPP and
MOST showed that pacing itself had a significant ben-
efit on QoL. This significant benefit could be achieved
with pacing and with the restoration of chronotrop-

ic competence. In both trials, pacing mode was not
found to be important.®t5€! 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.
However, this finding was not considered to be im-
portant.

Previous studies have demonstrated similar exer-
cise tolerance results in both pacing modes.["1417.18
We also observed that exercise performance assessed
by the 6MWT was not significantly influenced by the
pacing mode.

Hojier et al.l'¥ found smaller left atrial end-sys-
tolic diameters with DDDR pacing than with VVIR
pacing. Ouali et al.' showed that VVIR pacing elic-
ited significant enlargement of the left atrium despite
a relatively short follow-up period of 3 months. In our
study, left atrial volume was significantly smaller with
DDD pacing as compared to VVIR pacing. Previous
studies have suggested that LA enlargement was one
of the major risk factors for AF.[202 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
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differences may reflect electrocardiographic and
echocardiographic parameters. E/Ea ratios are indi-
cators of LV filling pressures.? In our study, E/Ea
ratios were significantly smaller with DDD pacing.
Therefore, we can conclude that LV filling pressures
with DDD pacing are smaller than those with VVIR
pacing. This finding might suggest that DDD pacing
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.®! 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.®! Sulke et al.'* 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
finding was considered as subclinical PM syndrome,
however, it did not reach statistical significance.

Today, in clinical practice, patients who receive a
PM are usually over 60 years old.?26 Hemodynamic
studies have revealed the importance of atrial contri-
bution to ventricular filling with advancing age.[?”!
In our study, although it was a short follow-up pe-
riod, left atrial volumes were calculated to be signifi-
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-
up period, VVIR pacing caused significant left atrial
enlargement and impaired diastolic functions, which
could increase the risk of AF and PM syndrome in
these patients.
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