
Introduction

The variability of the sinus heart rate by respiratory 
cycles has been well recognized in the relationship 
between respiration and normal heart beat, in which 
R-R intervals are shortened during inspiration and 
prolonged during expiration.1 The possible mecha-
nisms for this variability include pulmonary reflex-
es,1  baroreflex,2  diastolic filling of the heart during 
inspiration,3 and a central nervous system mecha-
nism.4 Because these mechanisms mainly work via 
the autonomic nervous system, it is thought that the 
autonomic nervous system plays a major role in the 
interaction between respiration and sinus rhythm. 

On the other hand, an interaction between respira-
tion and supraventricular arrhythmias is also seen 
in rare cases. Respiratory cycle-dependent atrial 
tachycardia (RCAT), which is a focal atrial tachy-
cardia (AT) that repeatedly appears and disappears 
in synchrony with respiratory cycles, was first re-

ported by Takatsuki et al.5 This case report de-
scribed that bursts of focal AT with an origin in 
the left atrial posterior wall repeatedly appeared 
during inspiration and ceased during expira-
tion. Another report6 in 2001 described a similar 
case with atrial fibrillation (AF), which showed 
the onset of AF at inspiration and resumed sinus 
rhythm at expiration in a repeated manner, and 
in which temporal vagal activation or pulmonary 
vein (PV) stretch by an increased venous return 
was assumed as the cause of the arrhythmia. Fur-
thermore, a recent report7 showed that the origin 
of RCAT converged on the narrow area, and that 
this convergence clarified the etiology and the 
mechanism of RCAT. The autonomic nervous 
system of the heart and the actual mechanism of 
supraventricular arrhythmia onset have attracted 
attention. Catheter ablation targeting ganglion-
ated plexi (GP), which are autonomic ganglia on 
the surface of heart, has been performed in recent 
years to treat AF. The main mechanism of on set 
and abeyance of RCAT may be GP mediated au-
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tonomic modulation during the respiration cycle.

We now review these available literature regard-
ing RCAT, discuss outcomes related to catheter 
ablation, and discuss hypothetical mechanisms 
behind the genesis of these arrhythmias and how 
these may impact their response to catheter abla-
tion and/or pharmacologic management. 

Prevalence and Clinical Characteristics

RCAT reportedly accounts for 13% of focal 
AT.7 This high prevalence population means that 
no distinctive risk factors were identified in this 
population, but RCAT was often missed. As a re-
sult, we may recognize more respiratory cycle-de-
pendent arrhythmia cases, if the patients with 
atrial premature beats are included. The clinical 
characteristics of the nine reported patients and 
11 RCATs5-7 are presented in Table 1. Sex ratio, 
age, characteristics of underlying heart disease 
does not differ significantly between patients with 
RCAT and those with any other types of focal 
AT.7  No detectable structural heart disease was 
observed in any of the patients except for one in 
whom an uncontrollable RCAT and concomitant 
paroxysmal AF provoked tachycardia induced 
cardiomyopathy with a depressed left ventricular 
ejection fraction. All RCATs were recognized be-
fore the EP study with simultaneous recordings 
from the ECG and respiratory monitor (Figure 1).

Study Number of Patients Age Sex Origin of AT or AF Ablation Site Ablation Site

Takatsuki, et al5 1 51 M focal AT LA posterior wall AT focus

Lin, et al6 1 67 M AF no described -
Yamamoto, et al7

7 54 M focal AT RSPV and SVC PV and SVC
isolation

54 F focal AT RSPV antrum  AT focus

58 f focal AT RSPV and SVC PV and SVC 
isolation

72 M focal AT RSPV antrum AT focus

38 M focal AT SVC AT focus

70 M focal AT RSPV antrum AT focus

Table 1 Clinical Characteristics in the Patients with RCAT and RCAF

RCAT: respiratory cycle-dependent atrial tachycardia, RCAF: respiratory cycle-dependent atrial fibrillation, AT: atrial tachy-
cardia, LA: left atrium, AF: atrial fibrillation, RSPV: right superior pulmonary vein, SVC: superior vena cava

The morphology of the P wave in the body surface 
ECG during the tachycardia was almost analogous 
in the latest report, 7 which exhibited a positive de-
flection in leads I, II, aVF, and V2-6. The P wave 
morphology in V1 was positive in six RCATs and 
biphasic (positive to negative) in the other three 
RCATs (Table 2). The RCAT emerged during ex-
ercise in two patients, during sleep in one patient 
who was complicated with untreated severe sleep 
apnea syndrome with an apnea-hypopnea index 
of 43,and in no particular condition in the other 
patients. RCAT is particularly characterized by its 
origin localized to the right superior pulmonary 
vein, superior vena cava, or the surrounding area. 
This characteristic is important for discussing the 
mechanism of RCAT.

Pharmacological Properties

RCATs are refractory to 2.7 ± 0.7 drugs including 
class I antiarrhythmic agents and beta blockers.7 

And some adrenergic or antiadrenergic agents, 
such as isoproterenol and landiolol, affect the 
mean AT cycle length and the RCAT inducibility. 
In contrast, 0.25 mg of atropine, parasympathetic 
antagonist, has no effect on the RCAT. These facts 
reveal a relationship between autonomic nerve 
activity and the etiology and the mechanism of 
RCAT. The occurrence of RCAT is reproducibly 
suppressed by bolus infusion of low dose (5mg) 
adenosine triphosphate.These characteristics 
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are also important in discussing the mechanism.

Strategy, Efficacy, and Long-Term Outcome 
of Catheter Ablation

Radiofrequency energy application in the thoracic 
veins including the right superior pulmonary vein 
(RSPV) and superior vena cava (SVC) has been 
avoided in the ablation procedure for patients 
with AF, to prevent venous injury or stenosis, and 
antrum ablation for electrical isolation has often 
been performed. On the other hand, focal energy 
deliveries in the thoracic veins have been reported 
to be safe and associated with a good long-term 
success in the RFCA procedure for focal ATs.8 

Both the thoracic vein isolation strategy and focal 
ablation strategy in the RFCA are performed for 
RCATs originating from inside the thoracic veins 
(Table 1); but focal radiofrequency energy applica-
tion can be used in patients exhibiting such RCATs. 
Table 1 shows that acute success in the first abla-
tion procedure was achieved in all eight patients. 
The electroanatomical map of all RCATs exhib-
ited a centrifugal activation pattern. The sites of 
earliest activation were seen at the antrum of the 
RSPV, inside the RSPV, and inside the SVC. Two 

Figure 1: Simultaneous Recordings of the Body Surface Electrocardiogram and Respiration Monitor. Respiratory Cycle-De-
pendent Atrial Tachycardia was Characterized by Atrial Ectopic Bursts which Emerged After Starting Inspiration and then 
Ceased During Expiration. The Asterisks in the Electrocardiograms Indicate Sinus Beats

patients had two distinct RCATs arising from in-
side the RSPV and inside the SVC. Electrical isola-
tion of the RSPV and SVC was performed in these 
two patients, which resulted in the complete sup-
pression of all RCATs with no ectopic beats inside 
these vessels. A focal radio frequency energy de-
livery at the earliest activation site successfully 
eliminated the RCATs in the other six patients. 
One patient underwent further isolation of the 
other three PVs due to concomitant paroxysmal 
AF frequently provoked by short coupled ectopic 
beats originating from inside the left superior PV. 
All patients were followed without any antiar-
rhythmic agents or beta-blockers. No AT was ob-
served in any of the patients during the follow-up 
period, except for one in whom an RCAT recurred 
two days after the first procedure. A second pro-
cedure was performed in this patient three days 
after the recurrence, which successfully eliminat-
ed the tachycardia. There were no significant dif-
ferences in the acute success rate and long-term 
outcomes after RFCA between the patients with 
RCAT and those with other types of focal AT.

Mechanism

Table 3 shows the summary of possible mecha-

Table 2 Clinical Characteristics in the Patients with RCAT and RCAF

Patient I II III aVR aVL aVF V1 V2 V3 V4 V5 V6

1 + + + - - + + + + + + +

+ + + - flat + +/- + + + + +
2 + + + - - + + + + + + +
3 + + + - - + + + + + + +

+ + + - - + +/- + + + + +

4 + + -/+ - + + + + + + + +

5 + + - - + + + + + + + +

6 + + + - - + +/- + + + + +
7 + + + - + + + + + + + +

RCAT: RCAT: respiratory cycle-dependent atrial tachycardia, +: positive deflection, -: negative deflection, +/-: positive to nega-
tive biphasic deflection,-/+: negative to positive biphasic deflection
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nism in RCAT.

The origins of RCAT are concentrated at the area 
(around SVC and RSPV) of the anterior right GP 
(ARGP). There is prolonged sinus rhythm cycle 
during the current application to RCAT, suggest-
ing that GP is near the application site.9 ARGP is 
a ganglion containing both sympathetic and par-
asympathetic nerve components. 10 Each GP is 
known to be near the PV efferent nerve axons are 
distributed from nerve cells of the GP to the atri-
al wall, and that the change in autonomic activity 
via the GP directly shallows the resting membrane 
potential of the atrial muscle and causes a change 
in arrhythmogenicity.11-14 Interestingly, ARGP is 
considered to be particularly important for the on-
set of AF in those with sleep apnea syndrome.12

The interaction between respiration and autonom-
ic nerves has been carefully examined in terms of 
the change in sinus rhythm cycle by respiration. 
Although the precise mechanism of the change in 
sinus cycle length by respiration has not been ful-
ly elucidated, it was considered to result mainly 
from the suppression of parasympathetic nerve 
activity at inspiration.1-4 These respiratory cy-
cle-dependent changes in parasympathetic nerve 
activity, however, are unlikely to be a mechanism 

of RCAT because previous studies demonstrated 
that stimulating, not suppressing, parasympa-
thetic nerve activity causes firing in the pulmo-
nary vein.15 The intravenous atropine injection 
does not suppress RCAT, which further bolsters 
this theory.7  The quickness of the change in sym-
pathetic nerve activity is thought to be too slow 
to keep up with the respiratory cycle. Howev-
er, the change in sympathetic nerve activity can 
synchronize with the respiratory cycle: the ac-
tivity is stimulated after the start of inspiration 
and reaches a peak at the deepest inspiration.16 

The efferent components of sympathetic nerve 
activity are mainly regulated by the interaction 
between the respiratory center in the brain stem 
and the sympathetic nerve system.17, 18A sympa-
thomimetic drug is required to induce RCAT in 
some cases, and exercise load also induces RCATs. 
Therefore, changes in the sympathetic nerve activ-
ity may be a predominant mechanism of RCAT.
Other possible etiologies of RCAT include the 
physical stimulus by extension of the atrium and 
thoracic veins. Previous studies demonstrated 
that acute stretch increases the effective refrac-
tory period of the atrial tissue, which could in-
duce triggered activity.17, 18 There are two possi-
ble mechanisms for the atrial stretch during the 
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respiration cycle. First, the movement of the heart 
inside the mediastinum with respiration may re-
sult in the acute tissue stretch. The RCAT foci are 
located in the area where the heart is anchored 
to the mediastinum by the pericardial reflection 
at the postcaval recess, right pulmonary venous 
recess, and oblique sinus. 7, 19 Figure 2 shows the 
dissection of the heart, demonstrating a position-
al relationship of the RSPV, SVC, and pericardi-
al reflection. Respiratory movement during in-
spiration can result in local atrial or venous wall 
stretch. Second, stretch of the venous or atrial wall 
could be considered as another possible etiology 
of atrial muscle stimulus, since there is inspirato-
ry augmentation of the venous return to the right 
sided heart system. An experimental study by 
Olsen, et al.,20 however, reported that the left ven-
tricular end-diastolic volume remains essentially 
constant during the respiratory cycle, and a clin-
ical study21  measuring the intra-cavity pressure 
during left atrial catheterization showed no in-
crease in the left atrial pressure during inspiration.

Several observation in previous studies5, 7 sug-
gest triggered activity as a part of the mecha-
nism of the RCAT. First, electrical isolation of 
these vessels completely suppresses the RCATs 
in patients with two distinct RCATs originating 
from inside the RSPV and SVC, with no ectop-
ic beats inside these vessels, thus indicating that 
the tachycardia requires preceding action po-
tentials to develop. Second, the RCATs ceases af-
ter a bolus infusion of adenosine triphosphate. 
These are findings characteristic of triggered ac-
tivity.22 Further, exercise and the administration 
of a beta-adrenergic agonist, which induces the 
RCATs, are also suggestive of triggered activity.22

Clinical approach

Clinical approach methods regarding the diagno-
sis, follow-up, treatment protocol, etc. of RCAT 
are fundamentally the same as for other types of 
AT. In this regard, catheter ablation is considered 
to be the safest and most certain method. This is 
because it is drug resistant in the reported cases 
described above.7 It has also been clarified that 
the cycle length of RCAT extends due to the ad-
ministration of beta blocker during electrophys-
iological studies, so heart rate control of RCAT 
may be possible. However, in our experience, 
even if the heart rate may be controlled, it is dif-
ficult to sufficiently suppress the symptoms of 
the patient and to improve their quality of life.

Conclusions

RCAT accounts for 13% of all types of focal AT, 
and is typically characterized by an origin local-
ized to SVC, RSPV, or the surrounding area. Trig-
gered activity is suggested to be the mechanism of 
the tachycardia. Possible etiology of the respira-
tory cycle-dependent appearance and disappear-
ance of RCAT include cyclic changes of sympa-
thetic nerve activity and physical stimulus to the 
left atrium or thoracic veins by tissue extension.
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Table 3 Summary of Possible Mechanism of RCAT

a. Mechanism of Dependence on Respiratory Cycle 

autonomic nerve system physical stimulus by strech of the venous or atrial wall
GP localization sympathetic nerve activity change movement of the heart increase of venous return

b. Mechanism of RCAT Firing
supportive phenomena triggered activity automacity

existing preceding action potentials
ceased by adenosine triphosphate 
infusion
no warm up and no cool down phe-
nomena

None

RCAT: respiratory cycle-dependent atrial tachycardia, GP: ganglionated plexi
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