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Fifty-six patients with symptomatic chronic sinus bradycardia because of sick sinus syndrome (SSS) were

followedfor periodsfrom one month to 11 years (average 32years). Eleven developed stable atrialfibrillation
persisting for 8 to 61 months; 52 had permanent demand pacemakers implanted before atrial fibrillation
commenced. In the 11 patients with atrialfibrillation, 10 had adequate ventricular rate, 8 with rates > 100
beatslmin requiring digoxin for rate control. The 8 patients with atrial fibrillation with pacemakers remained
asymptomatic for 13 to 18 months without requiring reimplantation; battery failure occurred in 2 whose rapid
ventricular rates were controlled by digoxin. In the other 6 patients with pacemakers who developed atrial
fibrillation, adequate ventricular rates persisted resulting in overdrive suppression. No patient had systemic
embolisation. The previous duration of symptomatic sinus bradycardia was longer in patients developing atrial
fibrillation (average 5'5 years) compared (P < 0-01) with patients without atrial fibrillation (1.9 years).
Further, premature atrial contractions occurred in all 11 patients before atrial fibrillation in contrast to only
21 of the 45 patients without atrial fibrillation. It is concluded that occurrence of atrial fibrillation in SSS
with symptomatic sinus bradycardia provides a natural cure of symptoms caused by bradycardia. These
data indicate that permanent ventricular pacing may not be necessary if persistent atrial fibrillation
develops in SSS.

Symptomatic chronic sinus bradycardia in the
sick sinus syndrome (SSS) is generally refractory to
long-term pharmacological therapy, and in most
instances permanent pacemakers are required for
the relief of symptoms (Ferrer, 1973). While many
aspects of the natural history of this disorder are not
well established, it is recognised that sinus node
function worsens with time and lifelong pacemaker
treatment is, therefore, anticipated. Some patients
with SSS are prone to episodes of supra-ventri-
cular tachyarrhythmias including paroxysmal atrial
fibrillation; alternating sinus bradycardia and tachy-
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cardia, usually supraventricular, is termed the
'bradycardia-tachycardia syndrome' (Short, 1954).
The occurrence of transient atrial fibrillation in
patients with SSS provides the intriguing possi-
bility that spontaneous or induced stable atrial
fibrillation may offer a natural therapeutic
mechanism for maintaining an accelerated ventri-
cular response in this entity, thus obviating the
need for permanent pacemaker implantation. In-
deed, as early as 1954 Short observed that one of his
patients with the 'bradycardia-tachycardia syn-
drome' became asymptomatic upon developing
atrial fibrillation and, furthermore, imaginatively
suggested that a means for inducing atrial fibrilla-
tion in these patients would be of therapeutic value
(Short, 1954). Though stable atrial fibrillation
has been observed in SSS (Ferrer, 1973;
Rubenstein et al., 1972; Krishnaswami and Geraci,
1975), the clinical importance of atrial fibrillation

160

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.39.2.160 on 1 F
ebruary 1977. D

ow
nloaded from

 

http://heart.bmj.com/


Atrial fibrillation in sick sinussyndrome16

in this setting has not been fully realieds. The

circumstances, incidence, and consequences relative

to the development of persistent atrial fibrillation in

SSS are unknown. The present investigation was,

therefore, carried out over an 11-year period at our

institution in a population of 56 patients with SSS

in whom stable atrial fibrillation developed in 11

patients. In this study the clinical features of SSS

patients with and without the development of

atrial fibrillation are compared.

Methods and results

Fifty-six patients (35 men and 21 women) with

electrocardiographic evidence of chronic sympto-

matic inappropriately slow sinus rates which were

either periodic or persistent form the basis of this

study. Their ages ranged from 54 to 90 years

(average 61 years). The duration of follow-up was

from 1 month to 11 years. The severity of the symp-

toms caused by slow heart rate in 53 patients neces-

sitated insertion of permanent demand ventricular

pacemakers whereas in 3 they did not. In all of the

56 patients sinus bradycardia resulted in a variety of

symptoms ranging from lethargy and tiredness to

frank syncopal episodes. The slow sinus rates were

not related to drug therapy including digitalis,

propranolol, or reserpine. In addition their heart

rates showed inadequate increases after adminis-

tration of intravenous atropine (Ferrer, 1973). Of

the 53 patients, 31 also underwent rapid atrial

stimulation for the evaluation of sinus node re-

covery time (Mandel et al., 1971).

Fig. 1, of patient H.W. with syncopal episodes,

exemplifies a severe form of sinus bradycardia in

whom the heart rate was only 20 bpm during syn-

cope. The lack of a consistent escape mechanism

from the atria, AV junction, or lower pacemaker

sites contributes to the genesis of cardiac asystole.

This is a frequent finding in SSS and appears to

indicate associated disease of sub-sinoatrial nodal

structures with depressed automaticity. Fig. 2

shows an example of a very abnormal prolongation

of sinus node recovery time in patient R.H. with

symptomatic sinus bradycardia. The top panel

showed slow sinus rhythm at a rate of 56 bpm. In

the bottom tracing the right atrium was paced at

98 bpm; after abrupt cessation of atrial pacing, the

sinus node required the extraordinarily long re-

covery period of 3-26 s to generate a sinus beat.

During the course of follow-up of the 53 patients

with persistent SSS, 8 developed atrial fibrillation

which has remained stable for 8 to 38 months.

Three additional patients presented with chronic

atrial fibrillation who, after undergoing electrical

cardioversion, emerged with extremely slow sinus

or junctional rhythm. In each of these 3 subjects,

there was historical and previous electrocardio-

graphic evidence of pronounced symptomatic sinus

bradycardia, thereby affording the diagnosis of SSS

in retrospect. All 3 patients spontaneously reverted

to atrial fibrillation. The pertinent clinical in-

Icont.

__7

Th~~~~~~~~~~~~~~~~T
Fig.1Electrocardioram (lead II) recordd during a period ofsyncope in patient HW with the sick sinu
syndrome.Thethree continuous strips show severe sinus bradyarrhythmia of 20beats/m.m........with a premature ectopic
ventricularbeatThe lack of an escape mechanism between the infrequent sinus beats isnoteworthy~~~~~~~~~~~~~~~~~~~~~~~~~~~~~it
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Fig. 2 Representative tracing of Lead III and the His bundle electrogram showing the sinus node recovery time in
SSS patient R.H. The top panel (A) shows sinus bradycardia (rate 56/min). In the bottom panel (B) right atrial
pacing was carried out at a rate of 98/min. Abrupt cessation of pacing was followed by a very long pause of
3-26 s during which no escape activity was manifested.

formation in the 11 patients with SSS and stable
atrial fibrillation is presented in Table 1. Selected
patients below delineate the characteristic features
and modes of presentation in SSS with persistent
atrial fibrillation.

(1) SICK SINUS SYNDROME PRESENTING
WITH CHRONIC ATRIAL FIBRILLATION
A 67-year-old woman (Case 1, Table 1) presented
with atrial fibrillation and a moderately rapid resting
ventricular response of 90 bpm (Fig. 3). Her only
symptoms consisted of occasional palpitation.
Elective cardioversion was carried out; the im-
mediate postcardioversion period showed very slow
sinus rate with erratic atrial activity and periods of
junctional escape rhythm as shown by the con-
tinuous recordings A through E in Fig. 3. The

Table 1 SSS with stable atrial fibrillation

Case Age Sex SSS Duration Ventri- APB Associated
No. (y) duration of AF cular before cardiac

before (mth) response AF disease
AF (y) during

AF

1 67 F 5 61 90 + None
2 69 M 5 24 160 -+ CAD
3 77 M 5 20 105 + None
4 70 M 11 18 120 -+ None
5 67 F 4 8 110 + AS
6 82 M 6 8 100 + CAD
7 66 F 3 25 140 + CAD,

HCVD
8 83 F 8 38 30 + HCVD
9 80 M 5 13 90 + CAD
10 65 M 3 10 100 + COPD
11 61 M 5 12 100 ± None

Abbreviations: AF, stable atrial fibrillation; APB, atrial premature
beats; +, presence of APB before AF; CAD, coronary arterial
disease; AS, congenital aortic stenosis; HCVD, essential hyper-
tension; COPD, chronic lung disease.

slowest ventricular response was 34 bpm in strips
A and B. Her bradycardia responded poorly
(< 70 bpm) to 1-5 mg intravenous atropine. During
intensive care unit monitoring atrial fibrillation
returned within a few hours, and this arrhythmia
has remained stable with adequate ventricular
response to date. Review of previous electrocardio-
grams taken elsewhere pointed to atrial fibrillation
of at least three months' duration and pronounced
sinus bradycardia with periods of sinus arrest for 3
years before onset of atrial fibrillation. In addition,
before atrial fibrillation, she had had dizzy spells

VI 25-11-70

Post-cordioversion
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Fig. 3 Representative lead Vi recording of the
emergence of premature atrial beats and escape junctional
rhythm (continuous panels A through E) in Case 1
after elective cardioversion of chronic atrial fibrillation
(shown in the top panel).
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Atrial fibrillation in sick sinus syndrome

and periodic weakness for 2 years suggesting SSS
for this prolonged period.
Two further patients (Cases 2 and 3, Table 1)

presented similarly with atrial fibrillation and after
cardioversion had slow sinus rates. In both of
these patients, reversion to chronic atrial fibrillation
occurred which has persisted to the present time.

(2) SSS WITH PERMANENT PACEMAKERS
DEVELOPING STABLE ATRIAL FIBRILLATION
AND ADEQUATE VENTRICULAR RESPONSE
Eight of the remaining patients with SSS who
,developed chronic atrial fibrillation had had per-
manent pacemakers implanted. In two of these
patients (Cases 4 and 9, Table 1) battery failure
occurred. However, in view of the stable atrial
fibrillation with an adequate heart rate, shown by
serial electrocardiograms and two 24-hour periods
of ambulatory electrocardiographic monitoring,
and the lack of symptoms, pacemaker replacement
was not recommended in either patient. Subse-
quently, both patients remained asymptomatic
with an adequate ventricular response in the
presence of persistent atrial fibrillation.

Case 4, a 70-year-old man, had had syncope
caused by SSS for 4 years before pacemaker
insertion. In Fig. 4, the top tracing showed his sinus
bradycardia with premature atrial beats in 1969; a
permanent pacemaker was installed at that time.
By 1974, strips B and C indicated atrial fibrillation
with a moderately fast heart rate. Carotid sinus
massage, carried out beginning on the right side of

strip B and continued into strip C, resulted in slow-
ing of the ventricular response thereby allowing the
demand pacemaker to initiate electrical impulses
producing ventricular capture (strip C). Seventeen
months later, the patient's pacemaker failed; strip
D also obtained during carotid massage shows lack
of ventricular capture by electrical stimulation
(arrows) with atrial fibrillation which has remained
stable for 18 months.

Case 9, age 80, showed sinus bradycardia with
premature atrial beats in panel A of Fig. 5. A per-
manent demand pacemaker was inserted because of
symptoms of SSS. Subsequently, a normally
functioning pacemaker was temporarily inhibited
by chest wall stimulation (Barold et al., 1970)
thereby revealing underlying SSS (strips B and C).
Five months later (strip D) the patient presented
with atrial fibrillation and rapid ventricular response
which suppressed the demand pacemaker. Though
pacemaker failure occurred 6 months later, re-
insertion was not recommended since the patient
remained in stable atrial fibrillation without symp-
toms, which continues to be the case.

(3) SSS WITH PERMANENT PACEMAKERS
DEVELOPING ATRIAL FIBRILLATION AND
INADEQUATE HEART RATE
In only 1 of the 11 patients with SSS who developed
stable atrial fibrillation was the ventricular response
inadequate. This was an 83-year-old woman (Case
8, Table 1) who presented at our institution in 1972
with atrial fibrillation and a very slow heart rate of

1.i ----;-tlM . t X I.................. .AiL: I "Ll....t: . :tTFJTz1Jjt77

2-....10-7.5.........;7ii. . ., T...... ..i±....rti±f..7........ .....K.ir7.L.......K.................

2-10-75g 1 t ;- i a//t-:

Fig. 4 Serial tracings in Case 4 with sick sinus syndrome who developed stable atrial fibrillation. Strip A shows
sinus bradycardia with frequent atrial beats. Strips B and C are continuous. Stable atrial fibrillation with normal
demand pacemaker sensing is documented in strip B. In strip C normal pacing function is unmasked by carotid sinus
massage. In strip D atrial fibrillation continues with a moderately slow ventricular response resulting from digitalis
therapy and carotid massage; the pacemaker spikes (arrows) fail to capture the ventricle.
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Fig. 5 Serial rhythm strips in Case 9 with SSS who developed stable atrial fibrillation. SSS was observed on the
top panel (A); subsequently a demand ventricular pacemaker was implanted. In the second panel (B) ventricular
pacing was temporarily inhibited after the first three beats by the method of chest wall stimulation which resulted in
the emergence of SSS (strips B and C). In the bottom panel (D), a representative tracing showed stable atrial
fibrillation with a moderately rapid ventricular response.

20 to 40 bpm (Fig. 6). Because of repeated dizzy
spells a permanent pacemaker was inserted. She
had an 8-year history of lethargy and syncope.
Previous electrocardiograms obtained from another
hospital showed the onset of sinus bradycardia in
1963 and long periods of sinus arrest in 1968
(Fig. 6).

Discussion

The present study suggests that the development of
stable atrial fibrillation in patients with the sick
sinus syndrome (SSS) provides a spontaneous
mechanism for the natural cure of the slow heart
rate which occurs in this condition. For atrial

*.
11T-11T-6 _ _ _ _ _ _ ____~; II

12-1|-68-.I

9-10-72 J J J|q2~~~~~

Fig. 6 Serial rhythm strips in Case 8 with sick sinus syndrome who developed chronic atrialfibrillation. The top
three panels indicated periods of sinus arrest and premature atrial beats during which the patient experienced dizziness.
The bottom panel shows stable atrial fibrillation but with a very slow ventricular rate of 20 to 40 bpn; her symptoms
continued and a permanent demand ventricular pacemaker was inserted.

164

oi, r,

io-5-68

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.39.2.160 on 1 F
ebruary 1977. D

ow
nloaded from

 

http://heart.bmj.com/


Atrial fibrillation in sick sinus syndrome 1

fibrillation to afford a beneficial effect, this arrhyth-
mia must be stable with an adequate ventricular
response and should not compromise cardiac
function or give rise to systemic embolisation. It is
important to emphasise that there is an unsub-
stantiated clinical impression that atrial fibrillation
occurring in SSS usually is associated with a very
slow heart rate and so that this would be a con-
tinuing requirement for a permanent pacemaker. In
this regard, our investigation provides evidence to
the contrary since 10 of the 11 patients herein who
developed stable atrial fibrillation manifested a
perfectly adequate ventricular response (Table 1).
Only one of our patients required a pacemaker for
maintenance of a sufficient heart rate, whereas the
remaining 10 continue to date to have clinically
adequate ventricular responses. Indeed, 5 SSS
patients with stable atrial fibrillation, 3 who had
never undergone pacemaker insertion, and 2 with
pacemaker failure, now have normal heart rates and
remain entirely free of their symptoms which
occurred regularly before the onset of atrial fibril-
lation.
The possibility that atrial fibrillation may appear

in patients with sick sinus syndrome has been
noted in reviews of this condition (Ferrer, 1973;
Krishnaswami and Geraci, 1975). However, the
occurrence of this arrhythmia was regarded only as
an incidental observation; no special significance
was attached to the development of atrial fibrillation
in SSS, and information concerning the harbingers
and clinical course of this rhythm alteration is
lacking.
Our documentation of the development of stable

atrial fibrillation in a substantial proportion of
patients with SSS, which renders unnecessary the
implantation of permanent pacemakers in nearly all
of the patients in whom this occurs, raises certain
important considerations: (1) elucidation of the
factors predisposing to the development of atrial
fibrillation in these patients; (2) clarification of the
factors responsible for the persistence of atrial
fibrillation; (3) identification of SSS patients
likely to develop stable atrial fibrillation; (4)
prediction of the onset of the arrhythmia in SSS;
'5) delineation of the clinical course of atrial
fibrillation seen in these patients; (6) determination
of the haemodynamic consequences of atrial
fibrillation in SSS; and (7) examination of whether
systemic embolisation constitutes a hazard with
atrial fibrillation in this condition.
To provide the necessary information concerning

these considerations, both retrospective and pros-
pective assessment of the features of these patients
was carried out. From this analysis, it was possible
to determine a group of factors (Table 2) which

Table 2 Potential factors responsible for onset and
persistence of stable atrial fibrillation in SSS

(1) Age of patient
(2) Type of associated heart disease
(3) Associated non-cardiac disease
(4) Severity of sinus bradycardia

*(5) Duration of symptomatic SSS
(6) Role of permanent pacemaker

*(7) Atrial enlargement
*(8) Intra-atrial conduction abnormalities
*(9) Previous atrial ectopy

*Denotes factors predisposing to stable atrial fibrillation in SSS.

appeared to be closely related to both the induction
and persistence of atrial fibrillation in patients with
the sick sinus syndrome. Of the potential factors
examined, the duration of SSS symptomatology,
the presence of intra-atrial conduction disorders,
and previous atrial ectopy were each found to pre-
dispose to the subsequent development of chronic
atrial fibrillation in SSS. Though the overall pre-
valence of radiographic or echographic atrial en-
largement was infrequent in our SSS patients, 2 of
the 4 patients with the finding developed stable
atrial fibrillation. Features found to be unrelated to
the occurrence of persistent atrial fibrillation in our
population included patient age; associated heart
disease such as coronary, hypertensive, or rheu-
matic cardiac involvement; and non-cardiac dis-
orders such as chronic pulmonary disease and
hyperthyroidism. In addition, neither the severity
of sinus bradycardia nor the presence of a per-
manent pacemaker correlated with this condition.

In regard to the correlation of the duration of
symptoms of SSS with the onset and perpetuation
of atrial fibrillation, the patients developing stable
atrial fibrillation had had symptomatic sinus brady-
cardia for 3 to 11 years (mean of 5.5 years) before-
hand (Table 1). In contrast (P < 0.01), the SSS
patients not developing atrial fibrillation had symp-
toms resulting from sinus bradycardia for only 0-8
to 3-5 years (mean of 2-1 years).

Intra-atrial conduction defects were present in
1i) of the 11 patients developing atrial fibrillation
(Table 1) compared (P < 0-01) with only 13 of the
45 SSS patients who remained in sinus rhythm.
Disturbances of intra-atrial conduction were diag-
nosed by the presence of notched widened (>2.5
mm) P complexes on limb leads I and/or II in the
absence of radiographic or echographic left atrial
enlargement.

Ectopic premature atrial beats were observed
electrocardiographically in all 11 SSS patients
before their subsequent development of stable
atrial fibrillation (Table 1). Conversely (P < 0.01)
ectopic premature atrial activity was noted in only

165

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.39.2.160 on 1 F
ebruary 1977. D

ow
nloaded from

 

http://heart.bmj.com/


Vera, Mason, Awan, Miller, Janzen, Tonkon, and Vismara

21 of the 45 patients with SSS without chronic
atrial fibrillation. These data indicate that ecoptic
premature atrial systoles are consistent precursors
of chronic atrial fibrillation in patients with sick
sinus syndrome. The precipitation of atrial fibrilla-
tion by premature atrial beats is exemplified by a

46-year-old man who had SSS and episodic atrial
flutter-fibrillation (Fig. 7). Brief periods of atrial
fibrillation were regularly initiated by premature
atrial contractions. Though persistent atrial activity
is known to be associated with sinus bradycardia
(Goel and Han, 1970), the mechanism of these
atrial extrasystoles in SSS is largely speculative.
However, their pathogenesis is consonant with the
concept of atrial disease in patients with sick sinus
syndrome (Ferrer, 1968). In agreement with this is
the necropsy finding in SSS of diffuse fibrotic
areas in the atria (Rubenstein et al., 1972) which
may help to provoke ectopic atrial activity. In addi-
tion, this panatrial fibrosis may be responsible for
the maintenance of atrial fibrillation. Furthermore,
it is rational to assume that the tendency to develop
atrial fibrillation increases with the gradual pro-

gression of atrial scarring in SSS. These observa-
tions are consistent with our findings in the present
study that patients with long-standing sympto-
matic sinus bradycardia are particularly prone to
the development of stable atrial fibrillation.

L,, cont.
* /

A

Fig. 7 Continuous recordings of limb lead II in patient

having the sick sinus syndrome with paroxysmal atrial
fibrillation. It is noteworthy that all episodes of atrial
fibrillation were precipitated by premature atrial beats
as seen in strips A, B, and D (arrows).

The role of sinoatrial node re-entry in the genesis
and maintenance of experimental supraventricular
tachycardia has been established (Massumi et al.,
1973). In view of the finding of delayed sinus node
conduction time in SSS (Strauss et al., 1973), the
possibility that a sinoatrial re-entry mechanism
plays a part in the genesis of premature ectopic
extrasystoles and atrial fibrillation in patients with
the sick sinus syndrome requires consideration.
From the data presented here, patients with

symptomatic sinus bradycardia for longer than 5
years appear to be likely to develop stable atrial
fibrillation. In addition, SSS patients displaying
premature atrial beats are especially prone to the
onset of atrial fibrillation. The presence of both
factors, long-standing SSS and premature atrial
contractions, probably enhances the prediction of
impending chronic atrial fibrillation. The clinical
extension of the ability to anticipate generally the
onset of stable atrial fibrillation in patients with SSS
would be to withhold the insertion of permanent
atrial pacemakers; demand ventricular pacemakers
should be used instead. Since the development of
atrial fibrillation in these patients would render in-
operative both the sensing and pacing mechanism
of atrial pacemakers, demand ventricular pace-
makers would then be required for those with a
slow ventricular response.

It is appropriate to emphasise that atrial fibrilla-
tion in SSS is often episodic. In this regard atrial
fibrillation induced by atrial stimulation in an
attempt to establish permanent atrial fibrillation in
3 SSS patients in sinus rhythm was unsuccessful
because of reversion to slow sinus rate within 6
hours in each of these individuals. Therefore, atrial
fibrillation should be considered stable only after
serial 24-hour ambulatory electrocardiographic
monitoring has established the persistence of this
rhythm for at least 6 months. One of our 45 SSS
patients without stable atrial fibrillation who had
paroxysmal atrial fibrillation remained in atrial
fibrillation for 3 months and then reverted spon-
taneously to a very slow sinus rate with associated
syncope. Similarly, another SSS patient, a 57-year-
old man, presented with syncopal episodes. His
electrocardiogram showed alternating periods of
atrial fibrillation and sinus bradycardia. Spon-
taneous termination of atrial fibrillation was
occasionally associated with prolonged sinus arrest
and cardiac asystole (Fig. 8).
While systemic embolisation is a potential com-

plication of atrial fibrillation, none of our patients
with SSS and chronic atrial fibrillation has had
such an episode. Furthermore, in one large reported
series of SSS patients, 4 of 50 patients who had
systemic emboli were in sinus rhythm (Rubenstein
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.B

S. .....

Fig. 8 Continuous lead II rhythm strips in a patient with SSS and episodic atrial fibrillation. Spontaneous
termination of atrial fibrillation in strip C was followed by a long pause of cardiac asystole lasting 8 seconds.
Remarkably, no escape focus emerged during this prolonged period of sinus arrest.

et al., 1972). To date, systemic embolisation has not
been encountered in any patient with SSS and
stable atrial fibrillation. Therefore, it does not
appear that SSS patients with atrial fibrillation have
a special tendency for developing arterial emboli,
and thus we do not recommend prophylactic anti-
coagulation in these patients.

It is concluded from the present investigation of a

large group of SSS patients that: (1) development of
stable atrial fibrillation in patients with SSS is not
uncommon; (2) frequent periods of 24-hour ambu-
latory electrocardiographic monitoring should be
undertaken to assess stability of atrial fibrillation;
(3) permanent pacemaker therapy should not be dis-
continued unless persistent atrial fibrillation is
present for more than 6 months; (4) in the absence
of concomitant AV conduction disturbances,
documentation of stable atrial fibrillation in SSS
precludes the necessity of continued pacemaker
therapy; and (5) the possibility of SSS should be
considered in the elective cardioversion of atrial
fibrillation so that one is prepared to treat any un-

masked serious sinus bradyarrhythmia.
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