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1  |  INTRODUCTION

Bradycardia is a commonly observed arrhythmia, and 
management of symptomatic bradycardia is crucial. The 
major causes of bradycardia are organic heart disease, 
inherited diseases, aging, and drug- induced bradycardia. 
However, atrial bigeminy with blocked premature atrial 
contraction (PAC) can lead to bradycardia. Blocked atrial 
bigeminy occurs even in the absence of underlying struc-
tural heart disease, and the treatment for bradycardia with 
blocked atrial bigeminy is slightly different compared to 
that for typical symptomatic bradycardia.1,2 Similar to 
abnormal persistent tachyarrhythmia, severe bradycar-
dia can also induce cardiomyopathy and heart failure.3,4 
However, there are few reports of myocardial remodel-
ing and cardiomyopathy due to bradycardia with blocked 
atrial bigeminy.5,6

Herein, we studied a case of bradycardia with blocked 
atrial bigeminy and ectopic atrial rhythm, resulting in 

cardiac remodeling and heart failure. Successful catheter 
ablation of blocked PACs resulted in recovery to normal 
sinus rhythm with myocardial reverse remodeling.

2  |  CASE REPORT

A 69- year- old man who visited the emergency department 
of Yokkaichi Municipal Hospital presented with fatigue 
and dizziness. This patient had a history of hypertension 
treated by administration of telmisartan 20 mg/day. A sur-
face 12- lead electrocardiogram (ECG) showed sinus brad-
ycardia with a heart rate of 36 beats/minute (bpm) and 
a constant blocked atrial bigeminy (Figure 1). The based 
rhythm represented sinus rhythm intermittently at the in-
itial examination but was disappeared with the emergence 
of an ectopic atrial rhythm thereafter. No medication for 
the risk of bradycardia was administered. Transthoracic 
echocardiography revealed mild reduced cardiac function 
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Abstract
A 69- year- old man presented bradycardia with a constant blocked atrial bigeminy 
and heart failure. Successful catheter ablation of blocked atrial bigeminy with 
bradycardia resulted in myocardial reverse remodeling and restoration of the 
normal sinus rhythm from the ectopic atrial rhythm.
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with left ventricle ejection fraction (LVEF) of 50%, a mild 
to moderate degree of tricuspid regurgitation (TR), and 
mild enlargement of the right atrium of 4.0 × 5.5 cm in a 
4- chamber view. The patient had shortness of breath when 
walking upstairs (New York Heart Association [NYHA] 
functional class II). Blood sample examination showed 
high brain natriuretic peptide (BNP) levels of 220 pg/ml. 
Other electrolytes and fluid balance (e.g., sodium and po-
tassium) were within normal limits. The patient had no 
family history of sudden death or genetic disorders. To 
treat the symptomatic bradycardia, we planned an electro-
physiology study (EPS) and a catheter ablation of blocked 
atrial bigeminy after obtaining informed consent from the 
patient and his family.

The EPS was performed as the standard procedure 
using three electrode catheters, namely a decapolar cath-
eter in the coronary sinus, a quadripolar catheter in the 
His- bundle region, and a mapping catheter positioned in 
the right ventricle. The right atrium (RA) was mapped 
using a multipolar electrode catheter (PentaRay NAV 
High- Density Mapping catheter; Biosense Webster, Inc.) 
and a three- dimensional mapping system (CARTO® 3 
system; Biosense Webster, Inc.) to identify the origin of 
the PACs. During the EPS, an ECG showed intermittent 

blocked premature atrial contractions with an ectopic 
atrial rhythm. The intracardiac electrogram showed an 
atrial- His block in the blocked PAC (Figure 2A). The basic 
rhythm was an ectopic atrial rhythm originating from the 
posterior site of the RA during procedure. A bipolar volt-
age map showed extensive low- voltage areas in the upper, 
lower, and anterior portions of the RA (Figure 2B). The 
basic rhythm was an ectopic atrial rhythm originating 
from the posterior site of the RA (Figure 2C). During the 
mapping procedure, the target PAC unfortunately disap-
peared because of the mechanical bump of the mapping 
catheter. Therefore, we performed the ablation around the 
bumped area, which was located 16 mm from the site of 
ectopic atrial rhythm. Subsequent ablation of the possible 
site of PAC origin was performed using an open- irrigated 
ablation catheter (THERMOCOOL SMARTTOUCH® SF 
Catheter; Biosense Webster, Inc.) (Figure  2C). The PAC 
did not appear again after a sufficient waiting period 
and isoproterenol loading. The procedure was completed 
under an ectopic atrial rhythm with a heart rate of 50 bpm, 
and sinus node rhythm was not observed even after iso-
proterenol loading. The patient's symptoms disappeared 
and he was discharged the day after the procedure without 
complications.

F I G U R E  1  A standard 12- lead electrocardiogram before ablation. Orange arrows indicate premature atrial contraction (PAC) behind 
the T- wave of the sinus rhythm.
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2.1 | Follow- up and repeat 
electrophysiology study

The patient was followed up at the outpatient clinic 1 and 
3  months after the procedure. At each visit, the patient 
underwent ECG and 24- h Holter monitoring to assess the 
recurrence of PAC and bradycardia (Figure 3A). The 24- h 
Holter monitoring after 3 months showed a relatively low 
number of total heartbeats of 80,983 beats and PACs of 88 
beats/day without blocked PACs. Considering the possibil-
ity of progression of the unknown structural cardiomyo-
pathy and evaluation of conduction disturbance, EPS was 
scheduled again after obtaining informed consent from the 
patient. The procedure was performed using the same sys-
tem as in the initial session. The bipolar voltage and propa-
gation maps in the RA were acquired during the intrinsic 
rhythm using a multipolar electrode catheter. The low- 
voltage area in the RA was significantly decreased com-
pared to that in the initial session (Figure 3B). In addition, 
the intrinsic rhythm site shifted from the posterior wall of 
the RA to the high lateral RA, where the normal sinus node 
is typically located in the propagation mapping (Figure 3C). 
The sinus node recovery time was 1424 ms, which was 
within the normal range. The conduction velocity in the 
right atrium was improved from 0.81 m/sec at the first 

session to 0.96 m/sec at the second session after the elimi-
nation of PACs. Furthermore, there was no atrioventricu-
lar conduction disturbance, with an atrial- His Wenckebach 
rate of 150 bpm. Three months after the ablation, the BNP 
levels improved from 220 to 53.6 pg/ml. The NYHA class 
improved from II to I. Echocardiography demonstrated 
that the LVEF improved from 50% to 64%, and the size of 
the right atrium reduced from 4.0 × 5.5 to 3.4 × 4.2 cm there-
after. Furthermore, the TR severity improved from mild/
moderate to trivial three months after procedure. After five 
months of the procedure, the Holter ECG showed a PAC of 
109 beats/day and a further improvement in the total num-
ber of the heartbeats of 97,473 beats without blocked PACs. 
Successful ablation therapy resulted in a stable course, with 
electrical and anatomical reverse remodeling and recovery 
of the sinus node function.

3  |  DISCUSSION

We reported a rare case of blocked atrial bigeminy with 
an ectopic atrial rhythm causing unusual bradycardia and 
myocardial remodeling, which recovered after success-
ful catheter ablation. This report has several important 
implications.

F I G U R E  2  (A) The intracardiac electrogram during the EPS. Blue triangle shows ectopic atrial rhythm. Red triangle shows blocked 
premature atrial contraction. (B) The bipolar voltage mapping in the left lateral view. Extensive low- voltage area in the right atrium. Purple 
color represents electrogram voltage >0.5 mV, and red color indicates electrogram voltage <0.1 mV. (C) The propagation map of the ectopic 
atrial rhythm in the posterior anterior view. White arrow indicates an origin of the ectopic rhythm. The blue tag was the suspected origin of 
the PAC at the septum of the right atrium. Red tags represent ablation points.
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First, our case is unique because bradycardia caused by 
blocked atrial bigeminy resulted in myocardial remodeling. 
Although we did not perform additional examinations to 
evaluate the cause of cardiomyopathy in a cardiac magnetic 
resonance imaging study or biopsy examination, normaliza-
tion of the low- voltage area in the RA, and improvement of 
the BNP levels and symptoms after the successful ablation 
could support the possible cause of bradycardia with blocked 
atrial bigeminy for the remodeling in this case. Furthermore, 
in conjunction with myocardial reverse remodeling fol-
lowing successful ablation for PAC and administration of 
angiotensin II receptor blocker, the basic intrinsic rhythm 
might shift from an ectopic atrial rhythm to a normal sinus 
rhythm. Frequent PACs with a short coupling interval prob-
ably inhibited the activity of the sinus node and induced the 
subsequent ectopic atrial rhythm. After the elimination of 
the PACs through successful ablation, sinus rhythm could 
emerge without any obstruction rhythm.

Second, catheter ablation of PAC could be an optimal 
treatment for bradycardia caused by blocked atrial bigem-
iny. Although most PACs are benign without the need for 
any specific treatment,2 symptomatic bradycardia due to 

blocked atrial bigeminy requires some kind of treatment, 
as in this case. Medication therapy, such as beta- blockers 
or calcium channel blockers, could further exacerbate 
bradycardia and suppress sinus node function. Pacemaker 
implantation is generally not recommended as the initial 
option in this type of bradycardia,7 and catheter ablation 
for diminishing the PAC would be the first choice with ef-
ficacy and safety. In this regard, Alper et al.8 previously 
reported that catheter ablation of blocked PACs was ef-
fective in avoiding pacemaker implantation. Our report 
additionally strengthens the benefit of the abolishment of 
PACs through ablation regarding the electrical recovery of 
the myocardial remodeling, as shown in the repeated as-
sessment of the EPS. It is surprising to observe the electri-
cal reverse remodeling of the reduction of the low- voltage 
area after ablation, but the result would be interpreted 
cautiously requiring further investigations because the 
number of the points obtained around the low- voltage area 
was relatively low in the mapping images. Furthermore, 
frequent PACs have been reported to predominantly in-
crease the risk of cardiovascular disease, especially atrial 
fibrillation,9,10 and ablation of PAC could have prevented 

F I G U R E  3  Examinations at three months after ablation. (A) Normal sinus rhythm. Normal sinus rhythm on the surface 12- lead 
electrocardiogram. (B) Bipolar voltage mapping in the left lateral view. Bipolar voltage mapping at repeat electrophysiology study shows 
decreased low- voltage area and electrical myocardial reverse remodeling in the right atrium. Purple color represents electrogram voltage 
>0.5 mV, and red color indicates electrogram voltage <0.1 mV. (C) Propagation map of intrinsic rhythm in the right left view. White arrow 
indicates earliest activated area indicating sinus node.
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the future development of atrial fibrillation. However, it 
is necessary to keep in mind that an alternative strategy 
and approach must be considered in cases with bradycar-
dia and blocked atrial bigeminy originating from sensitive 
regions, such as the sinus node and around the atrioven-
tricular node, which are unlikely to be treated by ablation, 
or those with the failure of the ablation procedure.

4  |  CONCLUSIONS

We reported a case of blocked atrial bigeminy with an 
ectopic atrial rhythm causing unusual bradycardia and 
heart failure. Successful catheter ablation of blocked atrial 
bigeminy with bradycardia resulted in myocardial reverse 
remodeling and restoration of the normal sinus rhythm 
from the ectopic atrial rhythm. Catheter ablation is an ef-
fective treatment for blocked PACs and bradycardia.
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