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Introduction

Atrial standstill is a long known phenomenon. It has
been described in animal experiments as a temporary
cessation of atrial activity using a toxic dose of digital-
is with or without quinidine. This first study was
already published in 1897 [1]. Experiments with
humans  were first reported in 1913 and 1916 by Lewis
and White, respectively [2,3]. Atrial standstill, which
is also called silent atrium or atrial quiescence, is
defined as a lack of atrial activity that is documented
by electrocardiographic, cineangiographic, or echocar-
diographic criteria. This means that a P-wave is visible
neither on the surface ECG nor on intra-atrial record-
ings, and there is complete refractoriness for electrical
stimulation in the right and left atrium. Mechanical

activity or atrial contraction is also absent. Different
subpatterns of atrial standstill have been outlined, such
as partial standstill versus total standstill and chronic
standstill versus temporary standstill [4,5]. Several
temporary cases have been reported, such as hyper-
kalemia, drug intoxication, post myocarditis, as well as
conditions during the convalescence phase following
open heart operations. Chronic atrial standstill has
been described as idiopathic in relation to familial
(amyloidosis) standstill or in association with muscular
dystrophy and cardiomyopathy. 
To diagnose total atrial standstill, a complete mapping
study of both atria is required. On the other hand, par-
tial atrial standstill may require high output, to pace the
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Summary

This case report describes a young patient with paroxysmal atrial flutter and partial atrial standstill. At very young
age, he was symptomatic for dizziness, fatigue, and fast palpitations. The first (AAIR) pacemaker was implanted at
the age of 8 years due to sick sinus syndrome. Three years later an exit block with pauses up to 3.8 seconds neces-
sitated a revision of the atrial pacemaker system. Due to the inability to pace the right atrial appendage with nor-
mal outputs, a new VVIR system was implanted. During follow-up it was apparent that the patient was severely
symptomatic of paroxysmal episodes of atrial flutter despite high doses of either propafenone or sotalol.
Radiofrequency ablation of the atrial flutter was not feasible because of the inability to check isthmus block. The
VVIR pacemaker was upgraded to a DDD model in order to prevent the recurrence of atrial flutter. The tip of the
atrial lead was positioned at the right lateral free wall because capture was only achieved at that site and initial-
ly at very high outputs (10 V and 1 ms). However, after 10 minutes of permanent pacing, the atrial output could be
lowered to normal values and pacing was successfully performed for over one year at standard output settings.
Furthermore, the atrial flutter was completely suppressed through DDD pacing.
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P-wave amplitudes were not changed. Three years later
an exit block with pauses up to 3.8 seconds necessitat-
ed a revision of the atrial pacemaker system. Due to the
inability to pace the right atrial appendage with normal
outputs, a new VVIR system was implanted. Two
years later, the patient experienced a severe trauma
precisely in the area of the pulse generator, which
caused an infection in the pacemaker pocket. The ven-
tricular pacemaker and the two leads were explanted
successfully. A new VVIR system with a tined lead
was implanted at the contra lateral side because an
attempt to stimulate the right atrial appendage had
failed. During follow-up it was apparent that the
patient was severely symptomatic of paroxysmal
episodes of atrial flutter despite high doses of either
propafenone or sotalol (Figure 1). The recurrent atrial
flutter persisted for 2 – 3 days and decreased the
patient's exercise tolerance and concentration.
Therefore, the patient was referred for radiofrequency
ablation of the atrial flutter, which was impossible
because the isthmus block could not be tested due to
the inability to pace the right atrium at several places.
However, during this procedure sporadic, spontaneous,
atrial activation and capture at the right lateral site was
noticed. Additional measurements were an HV-inter-

atrium [6]. In addition, partial atrial standstill can be
associated with atrial arrhythmias [5,7].
In this case report we describe a patient with atrial
standstill and intermittent atrial flutter. We observed
that part of the atrium could be paced with initially
high output before capture and in combination with a
prolonged HV-interval. The pacing threshold decreased
dramatically to normal values after a period of pacing.
Furthermore, during long-term follow-up the recur-
rence of the atrial flutter disappeared.

Case Presentation 

An 8-year-old boy with symptomatic sick sinus syn-
drome was referred to the pacemaker clinic. In the
presence of normal atrio-ventricular conduction, an
atrial pacemaker was implanted with an endocardial
lead, which was tunneled to the abdominally posi-
tioned AAIR pacemaker. The tip of the endocardial
lead was positioned in the right atrial appendage. The
threshold was 1.2 V at 0.5 ms, the lead impedance 
417 Ω, and the P-wave 2.5 mV. After 3 years of follow-
up, the patient became symptomatic as a result of a
lead fracture that occurred while taking Karate lessons.
The unipolar lead was repaired and the threshold and
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Figure 1. Atrial flutter with variable AV conduction and intermittent ventricular pacing: The DDDR pacemaker is operating
in the VVIR pacing mode due to the mode switch (lower rate is 70 beats/min).
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val of 120 ms and a Wenckebach point at 420 ms. It
was suggested that permanent atrial stimulation from
the right lateral wall would be hemodynamically favor-
able and could diminish the recurrence of atrial flutter.
Therefore, a DDD pacemaker was implanted, together
with an atrial screw-in lead. At several positions at the
right atrial wall, no intracardiac atrial signal could be
recorded, and the atrium could not be stimulated with
an output of 10 V at 1 ms. At the mid-lateral free wall
of the right atrium, stimulation was successful with an
output just below 10 V and 1 ms (Figures 2 and 3).
After waiting 10 minutes, the threshold was decreased
to 1.5 V at 0.5 ms. Lead impedance was 670 Ω.
Follow-up the next day revealed a similar pacing
threshold between 1.0 and 1.5 V at 1.0 ms. The patient
has been monitored for over a year. During this time
the pacemaker has functioned well with an atrial out-
put of 5.0 V (atrial threshold of 1.0 V), and the palpi-

tations has been eliminated. The Holter function of the
pacemaker did not disclose high atrial rates. An
echocardiographic evaluation showed either minimal
or no contraction of the atrial walls.

Discussion

Atrial flutter and fibrillation can be prevented through
atrial stimulation [8]. However, this is not proven in
the presence of partial atrial standstill in a larger series.
In our patient, pacing in the atrium improved his clini-
cal condition and eliminated any recurrence of atrial
flutter. The combination of atrial standstill and atrial
arrhythmias is not a rare phenomenon [5,9-13]. It has
been discussed whether the sinus node itself is
involved in the disease or the surrounding tissue in the
atrium around the sinus node is diseased.
Pathologically, the inexcitability of the atrium even at
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Figure 2. Ventricular pacing and spontaneous, junctional
rhythm is present in the absence of atrial activity.

Figure 3. After implantation of the screw-in lead, atrial cap-
ture was achieved. The lower two recordings are from the
distal and proximal pacing electrode during pacing. Note
the long interval between the stimulus artefacts and atrial
activity.
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Temporary atrial standstill can be explained by a dif-
ferent functional state of the atrial myocardium: a
hypopolarization of the cellular membrane. This tem-
porary form can be caused by medication [29-30] or by
hyperkalemia [31]. In the case of a partial standstill or
an atrial standstill in combination with fibrillation or
flutter, it is possible to excite the atrium in large areas.
Because of the initial high output needed for atrial cap-
ture, it can be postulated that the prolonged period of
atrial quiescence itself induces a hypopolarization of
the membrane. It is not clear how and under what con-
ditions an arrhythmia will start. As soon as the atrial
myocardium is captured by a stimulus, the hypopolar-
ization may be diminished and, thus, the next depolar-
ization will be facilitated. In pacing terms, there is a
reduction in the stimulation threshold. Once capture is
achieved, prolonged periods of atrial standstill will be
suppressed. Experimental data on threshold behavior
at very low rates below the physiologic range are lack-
ing. Lévy et al. [6] reported that high output pacing is
required for capturing the atrium in patients with par-
tial atrial standstill. On the other hand, the effect of the
pacing rate on the threshold has only been evaluated at
normal and very high rates up to 300 beats/min [32]. A
decrease of the pacing threshold was described in the
physiologic range over a 30-minute interval after
implantation of the lead, starting from 0.84 ± 0.17 V,
which is a very different situation from this case [33].
Part of the decrease may be attributed to the recovery
of the electrolyte imbalance caused by active fixation.
However, the real cause of the initially high pacing
thresholds may be attributed either to severe hypopo-
larization, the mere absence of atrial myocytes, or a
combination of the two.
In this case, implantation of an atrial lead and subse-
quent pacing was successful. The patient was taken off
anti-arrhythmic drugs, and acetyl-salicylacid was pre-
scribed to prevent thromboembolism because mechan-
ical atrial standstill in the absence of atrial fibrillation
presents a risk of thrombi; this is certainly the case
when it is associated with spontaneous contrast on the
echocardiogram [14,34].
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high output energy suggests a disruption of the atrial
myocardium, which is then replaced by inexcitable
fibrous tissue, fibro-fatty tissue, or amyloid. The liter-
ature shows conflicting reports. In two reports, histo-
logic damage of the sinus node has been demonstrated
[14,15], and two other reports show no histologic dam-
age of the sinus node itself [16,17]. However, in one
case, chronic active myocarditis was extensive in a dog
that presented with atrial standstill, myocarditis, and
conduction block [18]. The pathology revealed exten-
sive lesions by gross examination, and microscopic
findings showed active chronic myocarditis (50 to 60 %
of all tissue). The coronary arteries were normal. 
Permanent atrial standstill has been described in many
publications since it was recognized in humans. In
most of the patients, a cardiomyopathy, whether
ischemic in origin or not, is the underlying disease, but
in a few reports myocarditis has been diagnosed 
[19-21]. In our patient, a myocarditis at such an early
age may be the most likely cause of the atrial standstill.
The rest of the patient's family remained unaffected.
However, familial forms of the condition have been
described on several occasions [7,9,13,22-24].
Many recognize that pacemaker implantation may
improve the exercise tolerance in patients with an atri-
al standstill. Slow junctional rhythms that result from a
lack of any atrial activity may limit the patient's exer-
cise tolerance and lead secondarily to dilatation of the
left ventricle. The symptoms may improve after
implantation of a rate-responsive ventricular pacemak-
er [25]. In our patient, the upgrade from VVIR pacing
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paroxysms of atrial flutter would decrease or stop alto-
gether. After more than one year of follow-up, the
patient had no recurrence of atrial flutter, which was
confirmed by the pacemaker telemetry diagnostics. 
The combination of atrial standstill with symptomatic
conduction block is seldom reported [26,27], although
atrial fibrillation or flutter with a slow ventricular rate
is documented in a few reports [6,9,11-13,28].
Therefore, atrial disease  is not restricted to the atrium.
In the patient we studied, a Wenckebach point was
found at a 420 ms pacing interval, but the HV-interval
was severely prolonged with 120 ms as a sign of con-
duction system disease. The patient still had high ven-
tricular rates during exercise when the atrial flutter was
present. Without medication, the atrial flutter was con-
ducted to the ventricles at a rate of 150 beats/min or
even higher during exercise.
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