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Introduction: Multiple cardiac ruptures after radiofrequency catheter ablation that requires 
surgical repair are uncommon.
Methods and Results: We describe a 64-year old male patient with paroxysmal atrial fibrilla-
tion who had a cardiac tamponade following radiofrequency ablation. Surgical exploration 
demonstrated two ruptures in the left atrium, one in the right atrium, and one hematoma in 
the right atrium. MEDLINE, the Cochrane Library, and related databases were searched up 
to June 2011 without language restrictions, and related literature was reviewed and dis-
cussed. The patient has survived from prompt cardiac repair of cardiac ruptures and recov-
ered from surgery without complications.
Conclusions: Urgent exploratory surgery with cardiopulmonary bypass is the key to salvage 
the patient. 
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Introduction

Radiofrequency catheter ablation (RFCA) with pulmo-
nary vein isolation has emerged as an effective therapy 
for symptomatic patients with atrial fibrillation, refrac-
tory to medical therapy, from infant to adults.1,2) Yet, it 
could cause some fatal complications such as cardiac 
tamponade that necessitates prompt diagnosis, intensive 
care with hemodynamic monitoring, and early aggressive 
management including drainage of pericardial effusion, 
surgical pericardiotomy, and pericardiectomy.1,2) There 
are limited reports on the cardiac perforation after RFCA 
that requires surgical repair. Here, we report a man with 
two ruptures in the left atrium, one in the right atrium, 

and one hematoma on the right atrium following the 
RFCA procedure has survived after urgent cardiac sur-
gery. The incidence and causes of cardiac complications 
after RFCA were studied with a review of the literature 
in MEDLINE, the Cochrane Library and related data-
bases. 

Case Report

A 64-year-old man presented with a 3-year history of 
paroxysmal palpitations with progressive worsening for 
three months and a 20-year history of hypertension with 
poor medical control. In the recent three months prior to 
admission, he had experienced frequent episodes of atrial 
fibrillation despite the use of antiarrhythmic agents, such 
as amidarone. His admission diagnosis included hyper-
tension, atrial fibrillation, hyperlipidemia and chronic 
gastritis. He underwent RFCA for his atrial fibrillation. A 
standard 6F pigtail catheter was placed into the femoral 
vein; an intracardiac echocardiography catheter was ad-
vanced via an 11 French sheath to the right atrium, to vi-
sualize the interatrial septum, left atrium and pulmonary 
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veins. Heparin (10000 units) was administered intrave-
nously, and the target of the activated clotting time, >350s, 
was then maintained by adjusting the dose of heparin. 
After administration of heparin, a double transseptal 
puncture with a conventional Brockenbrough needle was 
achieved for left heart catheterization, under fluoroscopic 
and ICE guidance. Mapping of pulmonary veins was per-
formed with a circumferential mapping catheter. Cardio-
graph showed a normal shape of left and right pulmonary 
veins and left atrium with no structural heart disease. The 
electrophysiological study revealed that the atrial arrhyth-
mias were due to the focus, firing irregularly and exhibit-
ing a consistent and centrifugal pattern of activation. The 
atrial fibrillation was associated with runs of irregular 
atrial tachycardia or monomorphic extrasystoles. Pulmo-
nary veins (PV) were isolated with circumferential linear 
radiofrequency ablation guided by a carto dimensional 
mapping system. The Carto guided wide circumferential 
ablation was achieved around PVs from the ostium of the 
right pulmonary veins in the left atrium and the ostium of 
the left superior pulmonary vein. After preferential, PV-
left atrium (LA) electric inputs were defined, RFCA was 
performed until complete isolation of the PVs from the 
LA was achieved. The procedure lasted four hours, 
and the patient was returned to the ward with the hemo-
dynamically stable conditions. 

Thirty minutes after RFCA, the patient suddenly felt 
nausea, sweating, acute distress, then chest pain, agitation 
and urine incontinence. Physical examination revealed 
distant heart sounds, BP 80/50 mmHg and HR 105 mbp. 
Ultrasonography demonstrated cardiac tamponade, and 

pericardiocentesis was performed immediately while do-
pamine (300 mg) and atropine (0. 5 mg) were adminis-
tered intravenously for homodynamic stabilization. A 
total of 800 ml of uncoagulated blood was aspirated from 
the cardiac sac, and an urgent exploratory thoracotomy 
was arranged without delay.

A median sternotomy was performed under general 
anesthesia. Approximately 200 ml of blood with clot was 
evacuated from the cardiac sac. Then, active bleeding 
from a rupture (5 mm in diameter) on the left atrial ap-
pendage was noted (Fig. 1), and the rupture was closed. 
Meanwhile, a second perforation in the left atrium 
dome, above the left atrial-ventricular sulcus, was noted 
to have fulminant bleeding. Because the bleeding was too 
overwhelming to be controlled, a cardiopulmonary by-
pass (CPB), with annulations to the ascending aorta and 
both superior and inferior vena cava, was established. 
Following cardioplegia, this perforation (1 cm in diame-
ter) was closed with three stitches using 3/0 prolene; and 
the third perforation, 1cm in diameter, was found to 
be located on the right atrium near the root of the ascend-
ing aorta (Fig. 2); it was closed with two stitches using 
3/0 prolene. In addition, a hematoma (3 cm × 4 cm) on 
the junction of a superior vena cava with the right atrium 
was found. After hemostasis with no active bleeding was 
ensured, the heart was resuscitated with 30 joules thrice, 
and the patent was weaned from CPB with an inotropic 
support and respirator. The bypass time was 40 minutes. 
During the operation, 1500 ml blood was lost, and 1200 ml 
blood was transfused.

Fig. 1 Cardiac perforation in the left atrial appendage (5 mm in 
diameter), the aspirator is on the exact site of cardiac per-
foration to control the massive hemorrhage.

Fig. 2 Cardiac perforation 1 cm in diameter on the right atrium 
near the root of ascending aorta.
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Table 1   Incidence of pericaridal effusion, cardiac tamponade, cardiac rupture and surgical repair of cardiac rupture after 
radiofrequency ablation

Authors
 Cardiac  Surgical repair of  Cardiac  Mild to  Incidence  Overall

 rupture cardiac rupture tamponade moderate PE of total PE complications

Chierchia - - 1.5% (2/133) 12.78% (17/133) 14.2% (19/133) 
Bunch TJ  2.4% (15/632) 0.32% (2/632) - - - -
Schaer BA  - - - 3.2% (16/510) - -
Abhishek F  - - 0.62% (1/162) 0.625 (1/162) - -
Chen SW  - - - 10.3% (16/156) - -
Huang XM - 0.05% (1/1832) 0.55% (10/1832) - - -
Hoffmann  - - - 0.3%–0.8% - -
Bertaglia E   0.6 (6/1011) 0.8 (8/1011) - 3.9% (40/1011)
Deisenhofer  - - - 5.3% (4/75) - 22% (17/75)
Hahn G 2.2% (1/46)  - - - - 2.2% (1/46)
Borger V - - - - 2% (3/151) 7.2% (11/151)
BorgerVrete M  - - - - - 29.1% (7/24)
Hsu LF - - 2.9% (10/ 348) - - -

PE denotes pericardial effusion.

Table 2   Hospital mortality rate and long-term mortality rate of patients after radiofrequency catheter 
ablation

Authors
 Hospital Death Patients  Long-term Death  Patients

 mortality n n mortality n n

Borger V 2.0% 3 151
Mansourati J 4.40% 4 91 12% 11 91
Borger M 4.20%
NICE 0.1%–0.2%* 1 24
Klein A   1

NICE denotes National Institute for health and Clinical Excellence.
Mortality of all complication after radiofrequency ablation

Results

After surgery, the patient was transferred to the ICU 
and ventilated, and he was weaned from the respirator on 
day 2 postoperatively. On day 11 after surgery, the chest 
radiograph showed pneumonia, and the white-cell count 
was 25.4 × 109/L, with 91.6 percent neutrophils. Cardiac 
effusion and frequent atrial fibrillation were shown on 
echocardiography and ECG. Cardiocentesis was per-
formed, and antibiotics were administered empirically. 
Since then, his postoperative recovery was uneventful. He 
had been well on 5-month postoperative follow up.

Discussion

Radiofrequency catheter ablation (RFCA) is the treat-
ment of choice for symptomatic patients with atrial fibril-
lation, unresponsive to medical treatment. It has been re-
ported to be a safe and efficient procedure in appropri-

ately selected patients.3,4) However, because the complex 
technique requires trans-septal puncture or extensive ma-
nipulation in the thin walled left atrium，some complica-
tions may happen (Tables 1 and 2). The overall complica-
tion rate after RFCA has been reported from 3.9% to 
22%.5) Major complications occur in 3.9% of patients who 
have RFCA procedures,5) including thromboembolism in 
less than 1% and mortality in 0.1%–0.2% of all patients 
undergoing RFCA procedures.6) The incidence of cardiac 
complications varies with the site and type of ablation.6,7) 
Different authors have varied definitions of cardiac effu-
sion. The incidence of total cardiac effusion from asymp-
tomatic to cardiac tamponade requiring surgery is 14.2% 
(19/133).1) The incidence of mild to moderate pericardiac 
effusion requiring no pericardiocentesis has been re-
ported from 0.3% to 12.78% (Table 1). Cardiac tampon-
ade after RFCA is reported from 0.1% up to 6%.5,6,8) 
Vascular complications occur in approximately 2% to 
4% of procedures, including retroperitoneal bleeding, 
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hematoma, vascular injury, transient ischemic attack and 
hypotension. Left atrial-esophageal fistula is an extremely 
fatal complication.6)

Cardiac perforation requiring surgery is a rare but fatal 
complication in RFCA for atrial fibrillation, and the inci-
dence of cardiac perforation requiring surgery is reported 
from 0.05% to 0.32%.2,9) Until now, reports on the inci-
dence and surgical repair of cardiac perforation have 
been scant. Cardiac perforation of the left atrium that led 
to pericardial effusion and cardiac tamponade was re-
ported by Hahn et al in 1995.10) Cardiac rupture on the 
left ventricle after RFCA, requiring surgical repair was 
reported by Kino in 2005; the rupture was reported as 
starting from a small leak through the friable myocar-
dium and gradually causing a blowing-out rupture.11) 
Puncture of the interatrial septum may cause perforation 
in the left atrium, coronary sinus, and root of the ascend-
ing aorta. In our patient, two perforations in the left 
atrium, one in the right atrium, and hematoma in the right 
atrium were found; this has rarely been reported in the 
literature. On mapping and ablation of left pulmonary 
veins, once the catheter has entered the left atrium ap-
pendage, further advancing of catheter might cause per-
foration of the left atrium appendages. In addition, the 
ablation catheter was filled with cold saline on ablation of 
cardiac tissue, and when energy was released in the coro-
nary vein, explorative pressure might induce the cardiac 
rupture. Lower power and less time of ablation may re-
duce the risk of perforation. The pericardial effusion and 
myocardial ischemic events mainly occurred during 
RFCA using a retrograde aortic approach.2)

The mortality rate is high unless the cardiac rupture 
after RFCA is managed promptly. Until now, it has been 
reported that at least 20 patients have died after RFCA 
(Table 2). The RFCA procedure-related hospital mortal-
ity rate has been reported from 2% (3/151) to 4.2% 
(1/24).12) It was reported that one patient died from a rup-
ture of the cardiac wall in the hospital; another two pa-
tients died at 2 and 21 months after RFCA, respectively.13) 
Mansourati et al. retrospectively reviewed 91 patients un-
dergoing RFCA procedures, and the hospital mortality 
was 4.4% (4/91), whereas, the long-term mortality rate 
was 12% (11/91). Eight of 11 patients died from cardiac 
causes during a period of follow-up (14.5 ± 8.6 months).14) 
In addition, a 79-year old man died 3.5 hours after RFCA 
for atrial fibrillation due to tamponade. The autopsy and 
consecutive microscopic examination demonstrated elec-
trothermical necroses topographically and adjacent to 
pulmonary veins in the left atrium and area of isthmus in 

the right atrium with rupture of the right atrium wall.15)

In this case, radiofrequency transseptal puncture was 
unsuccessful at the first attempt, the procedure had been 
performed for four hours, and an echocardiography was 
not performed during the RFCA procedure. All these un-
favorable factors might be associated with risk of cardiac 
perforations and unprompted diagnosis. The intracardiac 
echocardiography offers a detailed visualization of the 
cardiac structures, in association with hemodynamic in-
formation. It can provide anatomic data on the left atrium 
and pulmonary veins, help in transseptal punctures, lo-
cate the ostium and antrum of the pulmonary veins, mon-
itor tissue injury during radiofrequency use, and prevent 
esophageal injury.16) A reduction in the excursion of the 
cardiac silhouette on fluoroscopy has been reported as an 
early diagnostic sign of cardiac tamponade during 
RFCA.9)

The suspected reason of perforation in patients, based 
on surgical findings, might be due to inexperienced cath-
eter manipulation before and after the transseptal access. 
The incidence of complications would be acceptably less 
or avoidable when it was performed by experienced per-
sonnel in an appropriately staffed and equipped surgical 
facility.9)

Delicate skills and meticulous maneuvers in the RFCA 
procedure are critical in reducing the risk of complica-
tions. Approaches for the early diagnosis of the cardiac 
tamponade include careful monitoring of the cardiac sil-
houette on fluoroscopy, utilization of real time intracar-
diac echocardiography with 2D and Doppler color flow 
imaging, and 3D electroanatomic mapping systems for 
better visualization of intracardiac structures.16–18)

New developments in the field of catheter ablation are 
likely to reduce the risk of perforation.16–18) Remote-con-
trolled robotic catheter ablation using magnetic naviga-
tion (RMN), in conjunction with the electroanatomical 
mapping system, proved to be a valuable tool for per-
forming a successful ablation.19) Compared to manual 
catheter navigation, catheter ablation, using irrigated tip 
magnetic catheter and the incorporation of contact pres-
sure sensors into the catheter tips, is an effective and safe 
method for catheter ablation of AF. In addition, catheter 
irrigation alone without RF delivery reduced intramyo-
cardial temperatures up to 4.9，, and the horizontal orien-
tation produced a 2-fold greater area of tissue cooling 
than did the vertical orientation thereby reducing lesion 
volumes for irrigated RF catheters.20)

In our patient, fatal complications, such as multiple 
cardiac ruptures in radiofrequency catheter ablation, 
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might be prevented by careful maneuver during the pro-
cedure and earlier discovery by monitoring cardiac sil-
houette on fluoroscopy, the intracardiac echocardiogra-
phy and postprocedural electrophysiological testing.

A high index of suspicion is required for the early di-
agnosis and treatment of cardiac tamponade. Once the 
diagnosis of cardiac tamponade is made, a pericardiocen-
tesis should be performed immediately. Urgent cardiac 
surgery is indicated if hemodynamic instability still exists 
after pericardiocentesis. Cardiopulmonary bypass should 
be employed in cases of severe bleeding, or when hemor-
rhage is difficult to control, as was in our case.
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