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Atrial Size Independently Correlates with the
Development of Paroxysmal Atrial Fibrillation
in Patients with Sick Sinus Syndrome
Yu-Sheng Lin1,3, MD; G. Bih-Fang Guo2, MD; Yung-Lung Chen2, MD;
Tzu-Hsien Tsai2, MD; Kuo-Li Pan1,3, MD; Wen-Hao Liu2, MD;
Chien-Jen Chen2, MD; Cheng-Hsu Yang2, MD; Chih-Yuan Fang2, MD;
Yuan-Kai Hsieh2, MD; Mien-Cheng Chen2, MD
Background: Atrial fibrillation arises in 20-30% of patients with sick sinus syndrome,
increasing the risk of systemic embolization and mortality. The aim of this
study was to examine the clinical determinants of development of paroxysmal atrial fibrillation in sick sinus syndrome patients before implantation of a
pacemaker.
Methods:
This case-control survey involved 144 patients (mean age Ų SD age: 72 Ų
9 years) in whom implantation of a transvenous permanent pacemaker was
planned for sick sinus syndrome. Patients were classified into two groups,
patients with (n = 71) and without (n = 73) a history of paroxysmal atrial fibrillation before implantation. Clinical characteristics and echocardiographic
parameters were analyzed.
Results:
The peri-implant right atrial area and left atrial area were significantly larger
in patients with, than those without, paroxysmal atrial fibrillation. Multiple
logistic regression analysis identified that the size of the left atrial area independently correlated with the development of atrial fibrillation: each 1 cm2
increase in left atrial area corresponded to a 44% increase in risk (odds ratio
= 1.44 [1.22, 1.71]; p < 0.001).
Conclusions: The left atrial size independently correlates with the development of paroxysmal atrial fibrillation in sick sinus syndrome patients before pacemaker
implantation.
(Chang Gung Med J 2010;33:659-67)
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S

ick sinus syndrome (SSS) is the most frequent
indication for pacemaker implantation, and its
incidence increases with age. Notably, 20~30% of
patients with SSS have symptoms of paroxysmal or

intermittent atrial fibrillation (AF), (1) and these
patients may eventually develop chronic AF. (2-6)
Atrial fibrillation is the most frequent sustained cardiac arrhythmia, contributing to increased risks of
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systemic embolization and mortality.(5,7,8) However,
clinical determinants of AF in patients with SSS are
limited, mainly by invasive measurements after
implantation. (9,10) Moreover, non-invasive clinical
determinants of AF in patients with SSS before
implantation are poorly defined. Atrial size has been
reported to predict the development of AF in healthy
individuals,(11) patients with nonrheumatic heart disease and patients with mitral valve disease following
mitral valve surgery. (12-14) Accordingly, this study
investigated the association of atrial size with the
development of paroxysmal AF in SSS patients
before implantation. Analytical results provided the
scientific basis for further research to evaluate the
diagnostic accuracy and predictive values of atrial
size in predicting the development of AF in order to
prevent thromboembolism and mortality related to
AF in patients with SSS before implantation.

METHODS
Patient population

This case-control study surveyed 468 consecutive patients in whom implantation of a transvenous
atrial-based or dual-chamber permanent pacemaker
for SSS was planned in the accordance with the
American College of Cardiology (ACC)/American
Heart Association(AHA)/Heart rhythm Society
(HRS) 2008 guidelines for device-based therapy of
cardiac rhythm abnormalities.(15) Patients who did not
receive transthoracic echocardiographic examinations within three months before or after the date of
pacemaker implantation, or who did not receive electrophysiological study before implantation, were
excluded (Fig. 1). Other exclusion criteria were
hyperthyroidism, history of rheumatic heart disease,
moderate or severe valve stenosis or regurgitation,
valve repair or replacement, congenital heart disease,
baseline abnormal ventricular wall motion related to
ischemia, dilated cardiomyopathy and history of a
previous myocardial infarction. Hence, the study
population comprised 144 patients.
The SSS patients recruited for this study were
classified into two groups, those with (n = 71) and
without (n = 73) a history of paroxysmal AF before
implantation. Paroxysmal AF was defined as episodic AF on an electrocardiogram, or transient AF (< 24
hours) on a 24-hour ambulatory electrocardiographic
recording. Ischemic heart disease was defined if the
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patient had a coronary angiogram showing > 50%
stenosis in any of the major coronary arteries or tested positive for myocardial ischemia on a thallium
201 scan or treadmill exercise test.
Electrophysiological study

Baseline electrophysiological data such as the
PA interval, AH interval, HV interval, Wenckebach
cycle length and corrected sinus nodal recovery time
were measured.
Transthoracic echocardiography

Transthoracic echocardiographic examinations
were performed by a 2.5-MHz transducer connected
to a commercially available echo Doppler machine
(Sonos 5500 or Sonos 7500; Hewlett-Packward; Palo
Alto, CA, U.S.A.). The M-mode measurements were
performed according to the recommendations of the
American Society of Echocardiography.(16) The left
and right atrial areas were measured by planimetry in
a four-chamber view, and the maximum areas were
the average of measurements (at the end of the T
wave on the electrocardiogram) over two beats. (16)
Echocardiographic data were collected on average
four days before pacemaker implantation, i.e. –4.0
days (–17.0 day; 0.0 day) in SSS patients with paroxysmal AF and –4.0 days (–15.0 day; 1.0 day) in SSS
patients without paroxysmal AF.
Statistical analysis

Continuous variables were described as mean Ų
SD. Categorical variables were presented as numbers
or percentages. Continuous variables were compared
with Student’s t test (two-tailed) for parametric data
and the Mann-Whitney U test for nonparametric
data. Categorical variables were compared between
the two groups by the chi-square test. The significance of multiple variables in univariate analysis was
calculated by binary logistic regression analysis. To
compare the predictive values of significant variables
in logistic regression analysis, areas under the receiver operating characteristic (ROC) curve were constructed for sensitivity and specificity in predicting
the development of paroxysmal AF. The best bound
for predicting the development of AF was defined as
that producing the highest sensitivity and specificity
in distinguishing between SSS patients with and
without paroxysmal AF. The ROC curve was adopted to calculate the best threshold. Sensitivity was
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468 patients received atrial-based or dual chamber
pemanent pacemaker implantation
M = 172; F = 296

170 patients who did not receive
eletrophysiologic study were excluded

298 patients (M = 85; F = 213)

118 patients who did not have edocardiographic
data were excluded

180 patients (M = 53; F = 127)

SSS with PAF
88 patients (M = 33; F = 55)

17 patients were excluded:
By clinical history
ASD (n = 2)
History of MI (n = 3)
RHD post operation (n = 2)
Severe mitral regurgitation (n = 1)
Hyperthyroidism (n = 2)
Dilated eardiomyopathy (n = 2)
By echocardiography:
Abnormal wall motion (n = 4)
Moderate or severe valvular
regurgitation (n = 1)
71 patients (M = 25; F = 46)

SSS without PAF:
92 patients (M = 20; F = 72)
19 patients were excluded:
By clinical history
Old myocardial infarction (n = 5)
Rheumatic heart disease (n = 1)
Hyperthyroidism (n = 1)
Dilated eardiomyopathy (n = 2)
By echocardiography:
Abnormal wall motion (n = 4)
Moderate or severe valvular
regurgitation (n = 3)
By electrophysiological study:
Atrial fibrillation induced by
programmed stimulation (n = 3)
73 patients (M = 15; F = 58)

Fig. 1 Diagram of the case-control study. Abbreviations used: SSS: sick sinus syndrome; PAF: paroxysmal atrial fibrillation; ASD:
atrial septal defect; MI: myocardial infarction; RHD: rheumatic heart disease.

defined as the proportion of SSS patients with paroxysmal AF whose predictor values were higher than
the thresholds. Specificity was defined as the proportion of SSS patients without paroxysmal AF whose
predictor values were lower than the thresholds. The
positive predictive value was defined as the proportion of SSS patients with predictor values higher than
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the thresholds who had paroxysmal AF. The negative
predictive value was defined as the proportion of
SSS patients with the predictor values lower than the
thresholds who did not have paroxysmal AF.
Correlations were analyzed by Pearson’s correlation.
Statistical analysis was performed by SPSS 15 statistical software for Windows (SPSS Inc, Chicago, IL,
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U.S.A.). All p values were two-sided, and the level
of statistical significance was set at 0.05.
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Table 1. Baseline Clinical Characteristics of Patients
SSS with

RESULTS

SSS without

paroxysmal

paroxysmal

AF (n = 71)

AF (n = 73)

p value

Baseline patient characteristics

Age (years)

71.9 Ų 9.1

72.1 Ų 9.2

0.90

Table 1 summarizes the clinical characteristics
of the study patients. The two groups did not significantly differ in age, gender, body mass index, or
body surface area, or in prevalence of diabetes mellitus, hypertension or ischemic heart disease. The two
groups were balanced in terms of use of drugs such
as angiotensin converting enzyme inhibitors and type
I angiotensin II receptor blockers, β-blockers, Cablockers and statins.

Men

25 (35.2%)

15 (20.5%)

0.06

BMI (kg/m2)

24.4 Ų 3.2

24.6 Ų 4.1

0.77

BSA (m2)

1.62 Ų 0.16

1.57 Ų 0.16

0.13

Diabetes mellitus

17 (23.9%)

18 (24.7%)

0.92

Hypertension

47 (66.2%)

44 (60.3%)

0.46

Ischemic heart disease

9 (12.7%)

15 (20.5%)

0.21

ACEI/ARB

24 (33.8%)

23 (31.5%)

0.77

β-blockers

17 (23.9%)

9 (12.3%)

0.07

Ca-blockers

25 (35.2%)

16 (21.9%)

0.08

5 (7.0%)

4 (5.5%)

0.74

Electrophysiological data

Table 2 summarizes the baseline electrophysiological data of the study patients. The two groups did
not significantly differ in baseline sinus cycle lengths
or intracardiac conduction times.

Statins

Data are expressed as mean Ų SD or number (%) of patients.
Abbreviations: AF: atrial fibrillation; ACEI/ARB: angiotensin

Correlation of atrial size with the development
of paroxysmal AF before implantation

converting enzyme inhibitor or type I angiotensin II receptor

Table 3 lists the peri-implant echocardiographic
data for patients with and without AF. No significant
difference was observed between the two groups in
terms of left ventricular ejection fraction. The right
atrial area, left atrial area and left atrial diameter
were significantly larger in SSS patients with than in
those without paroxysmal AF. There was a significant correlation between the right atrial area and left
atrial area (r = 0.651, p < 0.001). After adjustments
for age, gender, body surface area, the presence of
diabetes mellitus, hypertension and ischemic heart
disease, use of β–blockers, Ca-blockers, and
angiotensin converting enzyme inhibitors or type I
angiotensin II receptor blockers, left ventricular
dimension and left ventricular ejection fraction in
multiple logistic regression analysis, the independent
parameter correlated to the development of paroxysmal AF was the peri-implant left atrial area size, with
an odds ratio for the development of paroxysmal AF
of 1.44 for each 1-cm2 increment in left atrial area
(95% confidence interval, [1.22, 1.71], p < 0.001)
(Table 4).
Discriminant analysis was performed to identify
the peri-implant left atrial size as an independent
parameter correlated to the development of paroxys-

sick sinus syndrome.

blocker; BMI: body mass index; BSA: body surface area; SSS:

Table 2. Electrophysiological Data
SSS with

Basic sinus cycle

SSS without

paroxysmal

paroxysmal

AF (n = 71)

AF (n = 73)

p value

988.0 Ų 165.0

1054.0 Ų 341.6

0.17

3807.0 Ų 3359.8 5387.7 Ų 5562.4

0.09

length (msec)
cSNRT (msec)

181.2 Ų 29.70

172.2 Ų 28.00

0.14

PA (msec)

27.1 Ų 9.50

32.1 Ų 14.3

0.26

AH (msec)

104.7 Ų 32.90

102.6 Ų 36.9

0.74

HV (msec)

46.4 Ų 9.50

45.8 Ų 9.6

0.74

QRS (msec)

92.3 Ų 20.3

090.1 Ų 15.0

0.49

430.8 Ų 102.7

0429.6 Ų 108.3

0.95

PR interval (msec)

Antegrade Wenckebach
cycle length (msec)

Data are expressed as mean Ų SD.
Abbreviations: AF: atrial fibrillation; cSNRT: corrected sinus nodal
recovery time; SSS: sick sinus syndrome.
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Table 3. Baseline Echocardiographic Data

1.0

SSS with

SSS without

paroxysmal

paroxysmal

AF (n = 71)

AF (n = 73)

RA area (cm2)

17.9 Ų 4.2

15.2 Ų 3.2

< 0.001

RA area index (cm2/m2)

11.0 Ų 2.4

9.4 Ų 1.7

< 0.001

LA area (cm2)

26.3 Ų 4.6

20.9 Ų 3.6

< 0.001

LA area index (cm2/m2)

16.2 Ų 3.1

13.1 Ų 2.3

< 0.001

LA diameter (mm)

37.3 Ų 5.5

33.4 Ų 4.6

< 0.001

LA diameter index (mm/m2)

22.8 Ų 3.6

21.4 Ų 3.7

0.048

LVEF (%)

70.5 Ų 8.6

71.3 Ų 7.3

0.508

p value

Abbreviations: AF: atrial fibrillation; LA: left atria; LVEF: left ventricular ejection fraction; RA: right atria; SSS: sick sinus syndrome.
RA and LA area index: RA and LA area divided by body surface area;

Sensitivity

0.8

0.6

0.4

0.2

0.0
0.0

0.2

0.4
0.6
1-Specificity

0.8

1.0

Fig. 2 The area under the receiver operating characteristic
curve for a cut-off value of 24.1 cm2 for the left atrial area
was 0.82 (95% confidence interval, [0.74, 0.89]).

LA diameter index: LA diameter divided by body surface area.

Table 4. Multiple Logistic Regression Analysis of Clinical and
Echocardiographic Parameters Relevant to the Development of
Paroxysmal Atrial Fibrillation in Sick Sinus Syndrome Patients
before Implantation
Variables

Odds ratio

95% Confidence
interval

p value

Left atrial area (cm2)

1.44

1.22-1.71

< 0.001

Left atrial area index

1.78

1.36-2.33

< 0.001

mal AF. The area under the ROC curve for a cut-off
value of 24.1 cm2 for the left atrial area was 0.82
(95% confidence interval, [0.74, 0.89]) (Fig. 2). The
sensitivity and specificity of a threshold of 24.1 cm2
for the left atrial area were 68.3% (95% confidence
interval, [0.55, 0.79]) and 80.0% (95% confidence
interval, [0.67, 0.89]), respectively, while the positive and negative predictive values were 77.4% (95%
confidence interval, [0.63, 0.87]) and 71.6% (95%
confidence interval, [0.59, 0.82]), respectively. The
incidence of development of paroxysmal AF was
significantly greater in patients with a peri-implant
left atrial area > 24.1 cm2 than in patients with a left
atrial area < 24.1 cm2 (odds ratio: 8.63, 95% confi-
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dence interval, [3.75, 19.88], p < 0.001).

DISCUSSION
This study examined the clinical determinants of
development of paroxysmal AF in patients with SSS
prior to implantation. Several important conclusions
were drawn from this study. The size of the periimplant left atrial area independently correlated
with the development of AF in SSS patients: each 1
cm2 increase in left atrial area corresponded to a 44%
increase in risk for the development of paroxysmal
AF. The risk for development of paroxysmal AF in
SSS patients was 8.6-fold when the left atrial area
was > 24.1 cm2. Thus, this study found that the left
atrial size was a clinical determinant of development
of paroxysmal AF in SSS patients prior to pacemaker
implantation.
Atrial fibrillation, the most common sustained
cardiac arrhythmia, is frequently caused by microreentry circuits of electrical impulses in the atrial
wall, a process called the multiple-wavelets mechanism. The incidence of wavelets that can coexist is
determined by both the mass and the electrical vul-
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nerability of the atrial myocardium, which explains
why AF is frequently seen in clinical situations
linked with enlargement of the atrium and shortening
of the atrial refractory period.(13,14,17-19) Sick sinus syndrome is an age-related degenerative process of the
sinus node, characterized by fibrosis, ischemia, and
fatty infiltration or destruction of the sinus node
itself, or destruction of the sinoatrial area resulting
from ischemia, inflammation or degenerative
changes in the nerves and ganglia surrounding the
sinus node or pathological changes in the atrial
myocardial wall. (2,3) All of these factors lead to
reduced automaticity of the sinus node, decreased
sinoatrial conduction velocity, prolonged intra-atrial
and interatrial conduction, local and regional conduction delay, increased dispersion of refractoriness
and even ectopic atrial automaticity, and thus to the
development of AF.(20-22) Therefore, AF develops in
the natural history of SSS.(1)
Many studies have adopted invasive measurements to indicate differences in atrial electrophysiological characteristics. These measurements have
been adopted to differentiate or predict the risk of
development of AF in SSS, including the distribution
of abnormal atriograms under right atrium mapping,(23) fragmentation of atrial activity elicited by
premature stimulation and the vulnerability
index.(9,10,24) Although these parameters seem to successfully differentiate patients with AF from those
without it, they require invasive measurement and
are not practical in clinical practice. Prolongation of
the P-wave or P-wave dispersion has been adopted to
predict AF following ventricular-based pacemaker
implantation.(25) The hypothesis is that sinus node disease prolongs intra-atrial or interatrial conduction
time, and leads to abnormalities in the morphology
and the duration of the P wave on a 12-lead surface
electrocardiogram.(26,27) A previous study reported that
a threshold of 110 ms for the duration of the P-wave
had good diagnostic accuracy for predicting the
development of AF.(26) However, a difference of several milli-seconds in a clinical scenario is difficult to
differentiate accurately. The P wave characteristics
derived from surface electrocardiograms have been
indicated to correlate well with echocardiographic
measurements.(28-31) The atrial size has been adopted
to predict the risk of mortality, thromboembolism
and the development of AF in paced patients with
SSS.(32) However, the differentiating value of atrial
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size for paroxysmal AF in SSS patients before
implantation has never been studied. This study provides non-invasive echocardiographic measurements
and specific cutoff values for atrial size, thus successfully differentiating SSS patients with and without paroxysmal AF. Additionally, the normal size of
the left atrial area is ≤ 20 cm2.(16,33) The left atria of
SSS patients with paroxysmal AF in this study were
larger than those of the healthy population (Table 3).
Study limitations

The potential limitations of this study relate
mainly to its retrospective nature. First, this study
adopted peri-implant transthoracic echocardiographic
measurements. However, Suarez et al. indicated that
left atrial size in patients with paroxysmal AF
increased slowly during follow-up, by 10.8% over
6.2 years.(34) Liu et al. reported no change in left atrial
size in patients with lone paroxysmal AF 3 months
after beginning anti-arrhythmic therapy.(35) Therefore,
the change in atrial size within the three months
before and after pacemaker implantation would be
expected to be small. Second, inter-observer variations from several echocardiographers who performed the echocardiographic studies were not
assessed due to the retrospective nature of this study.
Third, this retrospective study intended to find clinical parameters associated with the development
paroxysmal AF in sick sinus syndrome patients
before pacemaker implantation. Therefore, it did not
provide data related to the development of AF in
patients who did not have sick sinus syndrome.
Fourth, follow-up data were not specifically examined in this retrospective study. Therefore, correlation of the presence of peri-implant paroxysmal AF
and the subsequent development of AF after implantation could not be assessed in this study. Finally, the
possibility of the existence of asymptomatic paroxysmal AF in those SSS patients defined as not having
paroxysmal AF based on surface electrocardiograms
or 24-hour ambulatory electrocardiographic recordings could not be entirely excluded.
Clinical implications

Future large, prospective studies should determine the diagnostic accuracy and predictive values
of atrial size in predicting the development of AF.
This would help clincians predict AF and take action
earlier to avert the risks of thromboembolism and
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mortality related to AF in patients with SSS before
implantation.
13.

Conclusion

Left atrial size independently correlates with the
development of paroxysmal AF in SSS patients
before pacemaker implantation.
14.
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͕ٗ̂̈۞ត̼дঽᚭা࣏ཏঽˠ̚ߏӎ൴णј
͕ٗᝫજѣϲ۞࠹ᙯّ
ڒড়ᔊ1,3 ోυ۾2 ౘϖษ2 ች̄ኰ2 ም઼Ӏ1,3 ᆒ͛জ2 ౘ̥ޙ2
ϒѠ2 ͞Ԡ̮2 ᔁ̮2 ౘݍј2
ࡦ ഀĈ дঽᚭা࣏ཏঽˠ༊̚Ăѣ͕ٗᝫજ۞ঽˠࡗҫ 20-30%Ąͷдᙷঽˠ༊̚Ă˵
Яࠎѣ͕ٗᝫજ҃ᆧΐ˞Бّ֗ং̈́Ѫ˸۞ࢲᐍĄЯ҃ࡁտϫ۞ўдଣঽ
ˠإϏཉˢ༼ޠጡ̝݈Ăߏӎѣՙ۞ّؠЯ̄Ξͽְ݈ۢঽˠߏӎѣྵ൴Ϡ͕
ٗᝫજ۞፟ົĄ
͞ ڱĈ ѩ९ּଠࡁטտΒ߁˞ 144 Ҝࢍࢋཉˢ༼ޠጡ۞ঽᚭা࣏ཏঽˠ (πӮѐ᛬Ųᇾ
ઐमĈ72 Ų 9 ໐ğĄֱঽˠ̶ࠎཏĈ˘ࠎдཉˢ༼ޠጡ̝݈ӈѣੱ൴ّ͕ٗ
ᝫજ۞ঽˠ (71 ˠ)ć˘ࠎдཉˢ༼ޠጡ̝݈̙ѣੱ൴ّ͕ٗᝫજ۞ঽˠ (73 ˠ) Ą
ซ҃дˠ̚ଣᓜԖ˯۞পᇈ͕̈́ࢰ۞گણᇴѣңमளĄ
ඕ ڍĈ дཉˢ༼ޠጡ݈ॡٙઇ۞͕ࢰگពϯĈ̙ኢν͕ٕٗΠ͕ٗĂдཉˢ༼ޠጡ̝
݈ӈѣੱ൴ّ͕ٗᝫજ۞ঽˠౌົ̙ͧѣੱ൴ّ͕ٗᝫજ۞ঽˠֽ̂Ą
ֱᓜԖ̈́ࢰگણᇴซҖкЯ̄តளᇴ̶ޢژΞͽ൴னĈ͕ٗ̂̈۞ត̼൴ण͕
ٗᝫજ۞፟ົѣϲ۞࠹ᙯّĄдν͕ٗՏᆧ̂ 1 π̶̳͞ӈΞᆧΐ൴Ϡ͕ٗᝫજ
44% ۞ࢲᐍ (Odds ratio = 1.44 [1.22, 1.71]; p < 0.001)
ඕ ኢĈ ν͕ٗдঽᚭা࣏ཏঽˠٺཉˢ༼ޠጡ̝݈۞̂̈Ă၆ٺീঽˠߏӎົ൴Ϡੱ൴
ّ͕ٗᝫજ۞፟ົߏ˘̙࣎۞ᇾĄ
(طܜᗁᄫ 2010;33:659-67)
ᙯᔣෟĈ͕ٗᝫજĂ͕ٗ̂̈Ăঽᚭা࣏ཏ
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