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Objectives: Atrial fibrillation (AF) does not only deteriorate the cardiac function
and increases the thromboembolic risk but also triggers rapid and irregular
ventricular rhythm in patients with atrial synchronous pacing. However, the risk
factors for the development of AF in patients with pacemakers are not clearly
determined vet. The present study was designed to determine the risk factors for
AF in patients with VVI pacemakers.

Methods: This study included 80 patients (41 sick sinus syndrome, 39 AV block)
who were followed for more than 6 months or developed AF regardless of the
duration of follow-up after implantation of VVI pacermakers. Patients were divided
into two groups according to whether or not AF developed during follow-up
(mean: 25.7t2.5 months): group A developed AF and group B did not. The
underlying arrhythmias, cardiovascular risk factors, left atrial size, characteristics of
P wave were compared between the two groups,

Results: The mean age of the patisnts was 58.9x11.4 years and 28 (356%) were
male. AF developed in 13 (16.3%) of 80 patients with VVI pacemakers. Sick sinus
syndrome (SSS) as an underlying arrhythmia was significantly more frequent in
group A than group B (84.6% vs. 44.8%, p<0.01). P wave width was greater in
group A(127.6£24.8ms) than in group B(110.7+17ms) (p<0.05). There was,
however, no significant difference in cardiovascular risk factors, left atrial size, P
wave axis and amplitude between the two groups.

Conclusion: These results suggest that sinus node dysfunction and intra-atrial
conduction delay may be the risk factors for AF in patients with VVI pacemakers.
Further studies are needed to determine how sick sinus syndrome and intra-atrial
conduction delay increase the risk for AF in patients with VVI pacemakers.
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INTRODUCTION

Cardiac pacing therapy has been shown to
prevent sudden cardiac death and improve the
quality of life in patients with symptomatic brady-
arrhythmias since the artificial pacemaker was first
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pacing therapy is being widely used as the only
definitive mode of therapy to treat symptomatic or
significant bradyarrhythmia, such as sick sinus
syndrome (SSS) and AV block (AVB)". As a result
of recent advances in pacemaker technology, the
function and size of the artificial pacemaker is
much improved. Now, highly sophisticated physio-
logic pacemakers capable of dual chamber pacing
and/or rate-responsive pacing are available.

Atrial fibrillation (AF) is one of the major pro-
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blems developed in patients with permanent
cardiac pacing therapyz’. AF does not only
depress cardiac function with increasing throm-
boembolic risk but also makes it mandatory io
change the pacing mode in patients with atrial
tracking ventricular pacing mode, such as DDD
and VDD. 1t is, therefore, very important to identify
risk factors for AF to develop preventive stra-
legiesg’. Pacing mode has been reported as a
major risk factor for AF in patients with permanent
pacemakers, based on the observation that AF
developed more frequently in patients with VVI
pacing mode than in patients with DDD pacing
mode®. However, the risk factors for AF in
patients with permanent pacemakers have not
been clearly identified yet. The purpose of this
study is to determine the risk factors for AF in
patients with VV| pacing.

MATERIALS AND METHODS

One hundred and fifty three patients were
implanted with permanent VVI! pacemakers at the
Chonnam University Hospital from August, 1983
through July, 1993, All pacemakers were implanted
transvenously via the right or left subclavian vein.
Among them, 80 patients (52.3%) who were
followed for more than 6 months or who had
complications with AF within 6 months after the
implantations of a VVI pacemaker were enrolled in
this study. All 80 patients had no prior history of
AF. The eighty patients were divided into two
groups according to whether or not AF developed
during follow-up; AF developed in 13 patients
(group A) but did not develop in the remaining 67
patients {group B).

The diagnosis of AF was made by analyzing
standard 12-lead electrocardiogram recorded at
each follow-up visit. If atrial rhythm was difficult to
evaluate, we analyzed atrial rhythm after slowing
the pacing rate of the pacemaker down to 40-50/
min temporarily using the programmer. In order to
investigate the risk factors for AF, underlying
cardiac rhythm and cardiovascular risk factors,
such as smoking, hypertension, hyperlipidemia and
diabetes mellitus, were evaluated and the left atrial
size and characteristics of P wave, including mean

electrical axis, amplitude and duration, were
measured. Left atrial size was measured as an
antero-posterior diameter of the left atrium in the
M-mode echocardiogram recorded at the left
parasternal border under the guidance of 2-dime-
nsional echocardiography. The maximum amplitude
and duration of P wave were taken as the values
of P wave amplitude and duration and P wave
axis was considered abnormal if the axis was not
within 0-90 degrees. .

Statistical analysis was done using Student's
t-test or Chi-square test and p<0.05 was con-
sidered significant.

RESULTS

Mean age of the 80 patients was 5891t11.4
years, 28 (35%) were male. Mean follow-up period
was 25.7%25 (range: 1-99) months (Table 1). Indi-
cations for permanent pacemaker implantation
were sick sinus syndrome (SSS) in 41 (51.3%),
second~degree AV block (AVB) in 5(6.3%), and
third-degree AVB in 34 (425%) patients. Thirteen
(16.3%) patients developed AF during the follow-
up period.,

Eleven (84.6%) of 13 patients in group A and 30
(44.8%) of 67 patients in group B were sick sinus
syndrome, showing that AF developed significantly
more frequently in patients with SSS than AVB
(p<0.01, Table 2). Left atrial size measured using
M-mode echocardiography was 40,1+£36 mm in
group A and 36.6x=57 mm in group B, showing
no significant difference between the 2 groups
(Table 2). Number and distributon of the
cardiovascular risk factors were similar in both
groups (1.4%=0.3 in group A vs. 1,505 in group
B) (Table 2). In 12-lead electrocardiogram, recor-

Table 1. Baseline Characteristics of the 80
Patients with VVI Pacemakers

589114
28/52 (1:1.9)

Mean age, ysars
Male/Female
Underlying arrhythmias

Sick sinus syndrome 41 (51.3%)

AV block 39 (48.8%)
- 2nd degree 5 ( 6.3%)
- 3rd degree 34 (42.5%)
Follow-up duration, months 257+25
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Table 2. Comparison of Clinical Characteristics Between the Patients Complicated with AF (group A) and

no AF (group B) During the Follow-up Period

Group A Group B
(e (ne8) P value
Age, years 55143 596+118 NS
Sex (M/F) 310 (1:3.3) 25/42 (1:1.7) NS
Indication (%) <0.01
Sick sinus syndrome 11 (84.6) 30 {(44.8)
AV block 2 {15.4) 37 (552
Follow-up, months 264160 256128 NS
No of CV risk factors 1.4%03 1505 NS
Left atrial size, mm 40.1£36 366157 NS
Characteristics of P waves
Abnormal axis (%) 2 (15.4) 6 (9.0) NS
Amplitude, mV 0.22+0.06 0.23%0.10 NS
Duration, ms 1276248 10.7%17.0 <0.05

M: male, F: female, CV: cardiovascular, No: number,

ded before pacemaker implantation, the incidence
of abnormal P wave axis and P wave amplitude
were similar in the 2 groups. However, P wave
duration was greater in group A than group B
(127.6+24.8 ms vs. 110.7£17.0 ms, p<0.05) (Table 2).

DISCUSSION

Cardiac pacing therapy is a mainstay in the
treatment of symptomatic or severe bradyarr-
hythmia due to sinus node dysfunction or AV
conduction disturbance. It has been shown that
the permanent pacemaker significantly decreases
the morbidity and mortality of SSS and AVB"Y,
The implantation of a permanent cardiac pace-
maker is widely performed in many secondary or
tertiary hospitals since the first permanent cardiac
pacemaker was implanted in Korea in 1968 "2 n
recent days, the improvement of technology makes
available highly sophisticaled cardiac pacemakers
that automatically regulate cardiac pacing accor-
ding to metabolic demands of patients as the
normal sinus node do.

AF, an irregular and very rapid atrial tachy-
arrhythmia, evokes hemodynamic and thromboem-
bolic complications due to rapid and irregular ven-
tricular rhythm and a loss of atrial mechanical
contraction. In addition, AF in patients with atrial
tracking dual chamber pacing mode such as DDD
or VDD may provoke serious problems by trigg-
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NS: non-significant

ering irregular and rapid ventricular pacing. Those
pacing modes with atrial tracking function should
be changed into VVI if AF develops de novo after
implantation of pacemakers, and dual chamber
pacing with atrial tracking function should be
avoided in_patients with persistent AF. Thus, AF is
a. very important arrhythmia in candidates for
pacemakar implantation as well as in patients with
pacemakers, and determination of risk factors for
AF is very useful to develop preventive measures
and to guide pacing therapy®. Previous studies
have suggested that the development of AF in
patients with cardiac pacemaker is mainly influ-
enced by underlying arrhythmia' ™",

This study was performed to determine risk
factors for AF in patients with VV! pacemakers for
SSS or significant AVB. Our study suggests that
SSS as an underlying arrhythmia and prolongation
of P wave are risk factors for AF.

In our study, AF developed de novo in 13(16.3
%) of 80 patients with VVI permanent pacemakers
during the follow-up period. The incidence of AF
in SSS was 26.8% and 56% in AVB., This
significantly higher incidence of AF in SSS was
consistent with the previous studies. Grimm et
al'™ reported that AF was more frequent in
patients with SSS than in patients with AVB. The
development of AF, in patients with VVI pace-
makers, is thought to be reiated to excessive
loading of the atria, due to dissociation between
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atrial and ventricular contractions, or atrial con-
traction against the close AV valves, due to
retrograde conduction of paced ventricular im-
pulses to the atria, and development or progres-
sion of atrial disease itself* '**. Therefore, the
higher incidence of AF in SSS than in AVB may
reflect that SSS is more frequently associated with
atrial disease and AVB with refrograde ven-
triculo-atrial conduction block. Several studies have
shown that DDD or AAl pacing has less chance
to have AF during the follow-up than WVVI
pacing® . DDD or AAl pacing is preferable to
VVI pacing, particularly in high risk patients for AF,
for lowering the incidence of AF after pacemaker
implantation.

This study demonstrated that intra-atrial con-
duction delay is also a risk factor for AF. Snoeck
et al?" reported that the future occurrence of AF
could be predicted by P wave recorded before
pacemaker implantation, and AF was hardly indu-
ced in patients with the width of the widest P
wave less than 100 msec. In our study, the width
of P wave in patients with AF was significantly
wider than that in patients without AF (127.6+24.8
ms vs. 110.7%17.0ms). But, the electrical axis and
the amplitude of P wave were similar whether AF
developed or not. Our observation that P wave
duration, reflecting intra-atrial conduction time, is a
risk factor for AF is not unusual in that AF is
induced and maintained by 4-6 reentrant wavelets
in the atria and conduction delay, in addition to
undirectional block, is a prerequisite for reentry.
Recently, signal-averaged P wave duration, which
is measured by the signal-averaging technique of
P wave, has been proposed as a rapid and
noninvasive marker of AF*. Atrial dilatation is
known to be a risk factor for AF. So, we exa-
mined the left atrial size using M-mode echo-
cardiography under the guidance of 2-dimensional
echocardiography. However, contrary to our expe-
ctation, left atrial size was not significantly different
between patients with and without AF. This finding
suggests that atrial size does not influence atrial
vulnerability to AF until it reaches a cerain
degree.

In conclusion, the risk factors for atrial fibrillation
in patients with VVI pacemakers are sick sinus
syndrome and intra—atrial conduction delay. Further

studies are needed to determine how sick sinus
syndrome and intra-atrial conduction delay incr-
ease the risk for AF in patients with VVI pace-
makers.

REFERENCES

1. Barold S8. The fourth decade of cardiac pacing
hemodynamic, electrophysiological, and clinical con
Siderations in the selection of the oplimal pace
maker. In: Zipes DP and Jalife J eds Cardiac
Electrophysiology-From Cell to Bedside-2nd ed
p1366-1392, Philadelphia: WB Saunders Co, 1995

2. Cho EK, Choi ES, Park HJ, Kim YT, Kim YJ, Lee
SM, Lee HS, Kim BY, Yoo SW. Compiications for
implanted permanent pacemaker. Korean J of Intern
Med 1993; 45.299-306.

3. Camm AJ, Katritsis D. Ventricular pacing for sick
sinus syndrome ~ a risky business? PACE 1990
13:695-699.

4. Feuer J, Shandling AH, Messenger JC. Influence of
cardiac pacing mode on the long-term  develo
pment of atrial fibrilation. Am J Cardiol 64: 1989
1376-1379.

5. Irich W, Parsonnet V, Myers GH. Introduction and
historical review. PACE 1978 1-371-374.

6. Lee DY, Choi HC, Lee KO, Suh SK, Yoo HS. An
application of internal artificial pacemaker to com
plete A-V block with Adams-Stokes syndrome: re
port of a case. Korean J of Intem Med 1969. 12
873-876.

7. Lee DY, Yoon YJ, Cho BK, Hong SR. Experence
in treating complication after implantation of tran
svenous pacemaker. Korean J of Chest Surgery
1976; 9:265-270.

8. Park IS, Kim KA, Hong SJ, Kim 8S, Kim HJ, Lee
HK. Permmanent transvenous cardiac pacemaker im-
plantation: clinical observation in 14 cases of various
cardiac conduction defects. Korean J of Intem Med
1979; 22:457-265.

9. Kwack MS, Na BW, Kim SS, Lee HK. Pervenous
intracardiac pacemaker implantation. J of Korean
Med Assoc 1982 25:359-372.

10. Yoon SH, Shin DK, Kim MC, Park SH, Kim JJ,
Kim MJ, Kim KY, Chu DB. Five cases of sick
sinus syndrome and implantation of pacemaker
Korean Circulation J 1983 13:435-442,

11. Cho MC, Nam HS, Oh BH, Park YB, Choi YS, Lee
YW. Measurement of pacing threshold of the per-
manent pacemaker by Vario system. Korean J of
Intern Med 1986: 31:740-748,

12. Cho JG, Jeong MH, Park JC, Yang SJ, Park CH,
Gil GC, Cho KW, Kang JC. Ciinical experience
with permanent pacemaker implantations. Korean J

37



17.

18.

38

JG GWAN, Y.H JEONG [J CHO. Y.G AHN, KS. CHA JP. SEQ JH PARK MH. JEONG JC PARK J.C KANG

of Intem Med 1989; 36:1-7.

. Marthon JW, Eisenhauer AC, Steinhaus DM. Car-

diac pacing. In: Eagle KA, Haber E, Desanctis RW,
Austen WG eds. The Practice of Cardiology. 2nd
ed, p287-336, Boston, Little, Brown and Company,
1989

. Kannel WB, Abbott RD, Savage DD, McNamara

PM. Epidemiologic  features of chronic alria

fibrilation. N Engl J Med 1982; 306:1018-1022.

. Snoeck J, Decoster H, Verherstrasten M, Berkhot

M, Vorlat A, Heuten H, Vrnts C, Kahn JC, Mar-
chand X. Evolution of P wave characleristics afte
pacemaker implantation. PACE 1990: 13:2091-2095.

. Hesselson AB, Parsonnet BV, Bernstein AD, Bon-

avita GJ. Deleterious effects of long-term single~
chamber ventrictlar pacing in palfents with sick
sinus syndrome: the hidden benefils of dualcha
mber pacing. J Am Coll Cardiol 1992 19:1542~1549,

L.amas GA, Estes Il NM, Schneller S, Flaker GC.
Does dual chamber or alrial pacing prevent atria
fibrilation? The need for a randomized controlled
trial. PACE 1992; 15:1109-1113,

Grimm W, Langenfeld H, Maisch B. Sympfoms,
cardiovascular risk profile and spontaneous ECG in
paced patients: a five-year follow-up study. PACE
1990; 13:2086-2090.

19, Mitsucka T, Kenny RA, Yeung TA, Chan SL, Per-

21,

24,

rins JE, Sutton R. Benefils of dual chamber pacing
in sick sinus syndrome. Br Heart J 1988: 60-338-
347,

. Boon NA, Frew AJ, Johnston JA, Cobbe SM. A

comparison of symploms and intra~arterial ambu
latory blood pressure during long term dual chambe
atrioventricular  synchronous (DDD)  and  ventricula
demand (YVi) pacing. Br Heart J 1987. 58:34-39.
Snoeck J, Decoster H, Vrnts C, Marchand X, Kahn
JC, Verherstraeten M, Berkhof M, Franque L. Pre-
dictive value of the P wave at implantation for atria
fibrillation after VVI pacemaker implantation. PACE
1992 15.2077-2083,

. Rosengvist M, Brandt J, Schuller H. Atrial versus

venlricular pacing in sinus node disease: A treat
ment comparison study. Am Heart J 1986: 111
292-297.

. Zanini R, Facchinetti Al, Gallo R, Cazzamalli L,

Bonandi L. Morbidity and monalitly of patients with
sinus node disease: Comparative effects of alra
and ventricular pacing. PACE 1990; 13:2076-2079.
Guidera SA, Steinberg JS. The signal-averaged P
wave duration: a rapid and noninvasive marker o
risk of atrial fibriflation. J Am Coll Cardiol 1993 21:
1645-1651.




