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Background : Sinus node dysfunction (SND) is caused not only by intrinsic sinus node disease, but also by the
extrinsic factors. Among the extrinsic factors, autonomic imbalance is most common. Symptomatic SND usually
requires permanent pacemaker therapy. However, the clinical characteristics and patient response to medical therapy
for hypervagotonic SND have not been properly clarified.

Materials and Methods : Thirty two patients (14 men, 18 women, 51 * 14 years) with hypervagotonic SND were
included in this study, but those patients who had taken calcium antagonists, beta-blockers or other antiarrhythmic
drugs were excluded. Hypervagotonic SND was diagnosed if the abnormal electrophysiologic properties of the sinus
node were normalized after the administration of atropine (0.04 mg/kg).

Results : The presenting arrhythmias were 16 cases of sinus bradycardia (50.0%), 12 of sinus pause (37.5%), 3 of
sinoatrial block (9.4%) and 1 of tachy-bradycardia (3.1%). Nine (28.1%) patients had hypertension, 7 (21.9%) smoked,
2 (6.3%) had diabetes mellitus, and 1 (3.1%) had hypercholesterolemia. Among the patients, 3 had no remarkable
symptoms, 13 had dizziness, 7 had syncope, 3 had weakness and 6 had shortness of breath. Twenty five (78.1%)
patients were treated with theophylline, 1 patient with tachy-bradycardia syndrome was treated with digoxin and
propafenone, and 6 (18.8%) were treated with no medication. During the 4328 month follow-up, 25 patients remained
asymptomatic, but 6 who took no medication developed mild dizziness. One patient needed permanent pacemaker
implantation owing to recurrent syncope despite of theophyline treatment.

Conclusion : These results show that hypervagotonic SND has a benign course and most of the patients can be
managed safely without implanting a pacemaker. (Ed note: | like the abstract. It is short and direct, as it should be.)
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INTRODUCTION

Sinus node dysfunction (SND) is one of major indications for
the implantation of a permanent pacemaker”. SND is often
caused by extrinsic factors such as drugs, infection, and
autonomic imbalance, however, its clinical characteristics and
response to drugs have not been clarified if the SND is caused
by enhanced vagal tone (hypervagotonia). In unpaced patients

with SND, symptoms such as dizziness and syncope do not
necessarily indicate a poor prognosis, and the total mortality
and the sudden death rate of such patients do not not seem to
be higher than those in the general population?.

We conducted this study in order to observe the demographic
features, associated medical diseases and clinical courses of
patients with hypervagotonic SND.
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MATERIALS AND METHODS

The subjects of this study were 32 patients who underwent
electrophysiologic study on the suspicion of SND, and they
were foliowed up for more than 6 months. The resting
electrocardiography (ECG) of the 32 patients showed sinus
bradycardia, sinus pause, sinoatrial exit block or tachycardia—
bradycardia. Hypervagotonic SND was defined if the sinus cycle
length, sinus node recovery time (SNRT) andfor sinoatrial
conduction time (SACT) retumed to normal after the
administration of atropine (0.04 mg/kg)3’.Those patients were
excluded that had taken beta blockers, calcium channel
blockers, antiarrhythmic drugs, or if they had a positive
head-up tilt test. Other criteria for exclusion were if the patient
had significant hepatic, renal, or thyroid disease. A written
informed consent was obtained from all subjects.

An electrophysiologic study was performed after the patients
had fasted for more than 6 hours and all kinds of cardi-
ovascular active drugs were with drawn for more than 48 hours
before the test. We placed 6-7 Fr electrode catheters at the
high right atrium, the His-bundle area and the right ventricular
apex. Programmed electrical stimulation was performed at a
level two times higher than the diastolic threshold. SNRT was
measured as an interval between the last beat of rapid atrial
pacing for 45 seconds and the first spontaneous sinus beat.
SACT was measured using the Strauss or Narula method. We
defined the SND if the SNRT (over 550 msec of corrected
SNRT) was over 1550 msec or the SACT was over 125 msec.
Patients were then foliowed up and asked about the presence
of recurrent symptoms. Information on clinical status, symptoms,
drug treatment, and side effects were recorded at each visit.

RESULTS

Among the subject patients, 14 (43.8%) were male and 18
were female. The mean age was 51 = 14 years. Of them, one
patient had myocardial infarction and two had angina pectoris.
As for associated cardiovascular risk factors, hypertension was
found in 9, smoking in 7, diabetes mellitus in 2, and hyperli-
pidemia in 1 (Table 1)

Three patients had no remarkable symptoms while 13 others
had dizziness, 7 had syncope, 3 had weakness and 6 had
shortness of breath. Sinus bradycardia was the most common
ECG finding, which was found in 16 patients, and sinus pause
was found in 12 patients, sincatrial block in 3 and tachy- bradycardia
in 1 (Table 2). For the patients with sinus bradycardia, the heart
rate was 27-50 beats per minute and sinus pause was also
found in 3 patients. One patient had additional asymptomatic

Table 1. Baseline characteristics of patients

Baseline characteristics Number of patients (%)

Male 14 (43.7)
Age {years) 51+14
Underlying heart disease
No organic heart disease 29 (90.6)
Angina pectoris 2 6.3
Old myocardial infarction 1 @1
Cardiovascular risk factors
None 13 (40.6)
Hypertension 9 (28.1)
Smoking 7 (219
Diabetes Mellitus 2 (6.3
Hyperlipidemia [ER;

Table 2. Clinical presentations of patients

Clinical presentations Number of patients (%)

Symptoms
None 3 9.4
Dizziness 13 (40.6 )
Syncope 7 219
Fatigue or weakness 394
Dyspnea 6 (18.7)
Electrocardiographic findings
Sinus bradycardia 16 (50)
Sinus pause 12 (37.5)
Sinoatrial block 394
Tachycardia-bradycardia 1 @31

Mobitz type || second~degree atrioventricular biock which was an
atrioventricular (AV) nodal block. The prolonged SNRT and
SACT became normal after the administration of 0.04 mg/kg
atropine (Figure 1), and the sinoatrial and AV block also
disappeared. One patient with tachycardia—bradycardia syndrome
was found to have paroxysmal atrial fibrillation, which was
followed by sinus pause for up to 2.5 second.

Theophylline (200~300 mg/day) was administered to 24
patients (75%), digoxin and propafenone to 1 (38.1%) with
tachycardia-bradycardia, and no medications were administered
to 6 (18.8%). All the patients were followed up and asked to
visit the outpatient clinic every 1~2months for 43+ 28months.
During the follow-up, 6 patients had occasional dizziness and 1
had recurrent sinus pause on the Holter electrocardiographic
record, and this was associated with syncope despite of
theophylline treatment, which forced the patient to have
permanent pacemaker implantation (Table 3).
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Figure 1. Holter electrocardiogram (upper panel) and the record of the electrophysiologic test showing hypervagotonic sinus node
dysfunction in a patient with frequent episodes of dizziness. The Holter electrocardiogram shows sinus pause of 3.6 seconds (upper

panel). After administration of atropine (lower panel) sinus node recovery time (SNRT) is normalized from 2,967 msec at the baseline state
to 704 msec (cSNRT from 1,955 msec to 184 msec).

_ DISCUSSION
Table 3. Treatment modalities
Treatment Number of patients (%) SND resuits in syncope, dizziness and lightheadedness, and it
o may be caused by sinus node disease and various extrinsic
rugs - .
nditions such reased bl |
Theophyline o4 (750) conditions su asv d‘rug, 'dec ai]s blood flow to the sinus
Digoxin and Propafenone 1@ node and.autonomlc imbalance™ ™.
No medication 6 (18.8) The sinus node characteristically responds to various
Permanent pacemaker 131 environmental stimulis. In this process the autonomic nervous

system is known to play an important role®.
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The sinus node is richly innervated with postganglionic
adrenergic and cholinergic nerve terminals®. By releasing
acetylcholine, vagal stimulation slows down the sinus nodal
discharge rate and prolongs intranodal and even internodal
conduction time. Acetylcholine increases and norepinephring
decreases refractoriness of the sinus node. The negative
chronotropic eftects of acetylcholine are due to the inhibition of
the hyperpolarization-activated pacemaker current W,

Sinus bradycardia frequently occurs in healthy, young,
well-trained athletes”. While sleeping, the normal heart rate can
slow down to 3540 beats/min, particularly in adolescents and
young adults, with marked sinus arrhythmia occasionally
producing pauses of 2 seconds or longer. Sinus bradycardia
also occurs during vomiting or vasovagal syncope, after carotid
sinus stimulation, and by the administration of parasympathomimetic
drugs, lithium, amiodarone, beta blockers, clonidineg, propafenone
or calcium antagonists® 7.

Because sinus node function is influenced by autonomic
innervations, it is important to discriminate intrinsic SND from
the hypervagotonic condition. Alboni'” and Park' have reported
that atropine decreases sinus cycle length, SNRT, and SACT
by 30%'" and these reports verified the negative chronotropic
effect of the vagus nerve on the sinus node.

Enhanced parasympathetic tone itself may be physiologic, as
during sleep, or it may be pathologic™ ', The latter may be
triggered by gastrointestinal, genitourinary, pharyngea! or other
disorders involving tissues that are richly innervated by the vagus,
or it may represent enhanced sensitivity to, a disproportionate
increase in, or a reaction to vagal traffic triggered by normal
reflexes such as baroreceptor stimulation.

Vagally induced SND may respond to atropine, but it needs
to be treated only if the patient is symptomatic. Hypervagotonic
SND should be distinguished from the pathologic condition of
the sinus node because of differences in treatment and
prognosis. Hypervagotonia as a cause of SND is often
suspected by its transient nature and with the symptoms
associated with the physiological increase of vagal tone, such
as micturition, nausea and vomiting. However, the role of
hypervagotonia in SND should be confirmed by the response to
a vagolytic drug. Electrophysiologic abnormalities in hypervagotonic
SND should be corrected with atropine because the efferent
mechanism involves vagotonia.

There have been a number of reports substantiating the
positive chronotropic effect of theophylline. The most probable
mechanism by which the drug exerts this action is the
antagonism of the cardiac effect of adenosine, which has been
found to depress sinus node automaticity‘s' ¥ Several electrophy-
siology studies reported that theophylline improves sinus node
function in subjects with sinus bradycardia and enhances nodal
conduction'™ ™®_ In uncontrolled studies performed in patients

with symptomatic SND, oral theophylline increased the resting
and exercise heart rate, improved symptoms, and reduced
sinus pauses during the follow—up period'g).

in the present study, theophyline was the most common
drug used, and it eliminated most of the symptoms associated
with SND. In 70.4% of patients who received theophylline, there
was no recurrence of symptoms even after discontinuation of
the drug. The increase of the heart rate and a slight positive
inotropic action may account for the effect of this drug on
patients with SND? 2"

The dosage appropriate for eliminating the symptom was
200~300 mg/day, although some studies suggested administering
a much higher dosage. Drug discontinuation was required for
11% of the patients in other studies™. However, in this study,
no one had any serious side effects associated with
theophylline administration. A higher dosage may account for
the development of side effects and the discontinuation of the
drug.

There was no relation between associated medical illness
and hypervagotonic SND in terms of severity of sinus node
dysfunction and clinical presentation. These results suggest that
it is important to identify hypervagotonia when the attending
physician is evaluating sinus node dysfunction and determining
whether medical treatments are adequate and safe for patients
with hypervagotonic SND.
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