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Introduction

Radiofrequency (RF) catheter ablation
is widely considered the treatment of
choice for patients suffering from recurrent
typical atrial flutter refractory to pharmaco-
logical therapy. Acute success is presumed
in nearly 90% whereas severe complica-
tions secondary to the ablation procedure
are rare and mainly represented by atrio-
ventricular block, cardiac tamponade, and
stroke1-3. Acute right coronary artery
(RCA) damage is an additional potential
severe complication of RF ablation in typi-
cal atrial flutter but, to date, reports are
sparse and anecdotal. 

This is the first documentation of the
macroscopic and histological study of the
heart in a patient treated by RF catheter ab-
lation for typical atrial flutter complicated
by an acute myocardial infarction, who
died of cardiac rupture 3 days after the pro-
cedure. 

Case report

A 79-year-old male was referred to our
institution for symptomatic paroxysmal atri-
al flutter refractory to pharmacological ther-

apy. The only risk factor for coronary artery
disease was hypertension and no history of
chest pain was present. An essentially nor-
mal structure of the heart had been docu-
mented during a recent Doppler echo-car-
diographic examination. The patient under-
went electrophysiological study and a typi-
cal atrial flutter (caudocranial septal and
counterclockwise right atrial activation) was
induced. In accordance with our ablation
procedure protocol, venous access to the
heart was achieved via a right femoral and
internal jugular vein approach, under local
anesthesia and fluoroscopic control. A diag-
nostic steerable 7F decapolar catheter (EP
Technologies, Inc., Sylmar, CA, USA) was
used to record the right atrial activation se-
quence around the tricuspid annulus. A di-
agnostic pre-curved (Josephson) 6F qua-
dripolar catheter (St. Jude Medical, Inc.,
Natick, MA, USA) was inserted into the
coronary sinus with the proximal pole
placed on the ostium for pacing and record-
ing. Finally, a steerable 8 mm tip ablation
catheter (EP Technologies, Inc.), equipped
with a thermocouple, was positioned within
the right inferior isthmus and used to draw a
line of RF lesions extending from the tricus-
pid annulus to the inferior vena cava. The
patient was in chronic treatment with war-
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The right atrial inferior cavotricuspid isthmus represents the targeting site for radiofrequency
(RF) current application during ablation treatment of typical atrial flutter. Despite the vicinity of the
right coronary artery (RCA) to the RF application site and the long energy exposure needed to
achieve electrophysiological success, reports about direct thermal damage of the coronary vessel dur-
ing ablation of the cavotricuspid isthmus are rare and anecdotal. The present is the first case report
describing the cardiac macroscopic and histological examination in a patient who died of cardiac rup-
ture, as a complication of a myocardial infarction occurring after a standard procedure of RF abla-
tion of typical atrial flutter. In consideration of the proximity we found between the RF energy-de-
pendent tissue damage and the RCA, thermal-related damage of RCA during ablation of typical atri-
al flutter should always be considered as a potentially harmful risk of the procedure.
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farin (INR 2.0-3.0) and, at the time of admission, was
kept hypocoagulable with intravenous heparin; warfarin
was stopped only when the activated partial thrombo-
plastin time value was double the basal value. Heparin
was stopped 6 hours before the procedure and a bolus of
an additional dose of 5000 IU was administered at the
time of the insertion of the catheters.

RF current was delivered by a radiofrequency gen-
erator (EP Technologies, Inc. - 1000 XP) in the mono-
polar mode and under temperature guidance with a tar-
get temperature of 70°C and an upper power output
limit of 100 W. Standard RF current application was by
sequential points, lasting 60 s for each point. Atrial flut-
ter ended during the third RF current application and
restoration of sinus rhythm was achieved. However,
twelve current applications were necessary to obtain a
bidirectional isthmus conduction block. During the last
RF current application, the patient complained of epi-
gastric pain, irradiating to the precordial area in the ab-
sence of ECG alterations. RF current delivery was im-
mediately interrupted and the catheters removed from
the right atrium. The maximum temperature and ener-
gy reached were 67°C and 80 W respectively, with the
impedance within normal values (78-85 W). A few
minutes later, 12-lead ECG showed ST-T segment ele-
vation (maximum 3 mV) in leads II, III and aVF with a
persistent epigastric/precordial pain. Heparin, aspirin
and intravenous nitrate were promptly administered
and the patient, in stable hemodynamic conditions, was
transferred to the coronary care unit where his chest
pain as well as the ECG alterations began decreasing.
An echocardiographic examination showed neither
asynergic segments of the heart nor pericardial effu-
sion. Because of the gradual normalization of the ECG
and clinical symptomatology, and the relatively small
size of the ischemic area, no intervention for acute
coronary revascularization was adopted. One hour later
the clinical picture had resolved and an acute non-Q
wave myocardial infarction was diagnosed on the basis
of cardiac enzyme release (troponin T blood level 0.6

ng/ml, normal value < 0.01 ng/ml); in view of this, an
elective coronary angiography was planned. In spite of
the absence of any symptoms during the following 2
days, the patient suddenly died of electromechanical
dissociation 72 hours after the acute myocardial infarc-
tion. An echocardiographic examination showed a mas-
sive pericardial effusion.

Macroscopic and histological observation. Autopsy
was performed 48 hours later confirming, as the cause
of death, a cardiac rupture secondary to acute myocar-
dial infarction. The cleft was identified at the middle
sector of the left ventricular inferior wall, where a
medium size myocardial infarction was noted. More
than 350 ml of hemorrhagic effusion were evacuated
from the pericardial sac. 

The lumen of the RCA appeared patent along the
proximal and middle segments, whereas at the distal
segment, near the crux cordis and immediately before
the emergence of the interventricular posterior de-
scending artery, a 15 mm long fibrous atheromatous
plaque occupying > 90% of the lumen and complicated
by an acute occlusive thrombosis, was found (Fig. 1).
The left coronary tree was subnormal whereas the lu-
men of the coronary sinus was unaffected. 

Macroscopic examination of the right atrial inferior
cavotricuspid isthmus showed that the RF lesion con-
sisted of a rounded subendocardial hemorrhagic infil-
tration, localized at the posterior-middle sector of the
region4 (Fig. 2). 

Multiple formalin-fixed specimens taken from this
lesion were routinely processed and 2 mm thick sec-
tions were cut and stained with hematoxylin-eosin. 

At histology, the RF lesion was found to consist of
a clear-cut coagulative necrosis of the atrial myocardi-
um and of a fibrino-hemorrhagic infiltration extending
from the endocardial surface at the ablation site,
through a very thin atrial myocardium, to the subepi-
cardial fat. The maximum depth of damaged tissue was
6.5 mm and the minimum distance from the RCA edge,
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Figure 1. In panel A the patent lumen of the right coronary artery along the proximal segment is shown. Only slight intimal hyperplasia is evident (Mal-
lory trichrome, original magnification 100�). In panel B, the fibrous atheromatous plaque complicated by an acute occlusive thrombosis is represent-
ed (Mallory trichrome, original magnification 100�). T = thrombus. 



found in the epicardial fat of the vestibule, was 1.7 mm
(Fig. 3A). No involvement of the RCA wall, such as
any inflammatory and/or necrotic reaction, was found
(Fig. 3B).

Discussion

This is the first report including a cardiac macro-
scopic and histological study in a patient who died of
an acute myocardial infarction due to an acute RCA oc-
clusion secondary to cavotricuspid isthmus RF catheter
ablation for typical atrial flutter. 

In 1993, the Multicenter European Radiofrequency
Survey (MERFS), reporting on 4398 transcatheter ab-
lation procedures, did not mention acute coronary
artery occlusion as a complication3. Nevertheless, there
are several later reports on coronary artery complica-
tions due to RF catheter ablation procedures in adults,
but almost exclusively confined to the left coronary
artery and mainly related to the treatment of accessory
atrioventricular pathways5-13. On the other hand, de-

spite the vicinity of the endocardial ablation site to the
RCA and the longer energy exposure needed to achieve
electrophysiological success, reports about vessel dam-
age during cavotricuspid isthmus RF ablation for typi-
cal atrial flutter are anecdotal and sparse. 

In an experimental model, Paul et al.14 first demon-
strated, 48 hours after RF current application in a tem-
perature-guided mode (75°C) at the right atrial portion
of the tricuspid valve annulus, transmural coagulative
necrosis with perifocal hemorrhage and lymphocytic
infiltration around the right atrial lesions and extending
into the layers of the RCA in 4 of 5 pigs. As a late se-
quela of RF current application, 6 months later a 25 and
45% stenosis of the RCA lumen due to intimal thicken-
ing respectively occurred in 2 pigs. Strikingly, the au-
thors did not find any correlation between the lesion
size and the quantity of energy delivered. 

Recently in animal studies, Madrid et al.15,16 inves-
tigated the effect of an irrigated-tip catheter, capable of
making deeper lesion lines by RF ablation, compared to
the standard catheter with regard to the successful acute
electrophysiological achievement of cavotricuspid isth-
mus bidirectional block and the subacute anatomic
characteristics of the lesions. They demonstrated that
cooled catheters achieved a complete line of electro-
physiological and anatomical block in a significantly
higher percentage than the standard catheters while his-
tological evaluation showed an inflammatory infiltra-
tion around the site of RF current application extending
into the adventitia, but sporadically even in the muscu-
lar wall, of the RCA, although the endothelium was
never involved and necrosis never occurred.

Jais et al.17 performed cavotricuspid isthmus trans-
catheter RF ablation in 50 patients (30 with a cooled ir-
rigated-tip catheter and 20 with a standard catheter)
suffering from typical atrial flutter. All patients under-
went a pre-ablation and post-ablation coronary angiog-
raphy. Complete bidirectional isthmus block was
achieved for all patients and no change was demon-
strated in the post-ablation coronary angiogram,
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Figure 2. A: macroscopic picture of the radiofrequency lesion. B: detail.
A rounded subendocardial hemorrhagic lesion (black arrows) located at
the right atrial inferior cavotricuspid isthmus. a = right auricular ap-
pendage; IVC = inferior vena cava; Tr = tricuspid valve.

Figure 3. The histological aspect of the radiofrequency lesion, consisting of coagulative necrosis of the atrial myocardium (m) and fibrino-hemorrhag-
ic infiltration. In panel A, the maximum depth of the lesion is shown (hematoxylin-eosin, original magnification 25�); in panel B, the minimum distance
between the lesion rim and the right coronary artery is illustrated (hematoxylin-eosin, original magnification 100�). c = right coronary artery lumen;
f = subepicardial fat.



whichever catheter was used, including patients with
documented pre-ablation RCA disease. 

Ouali et al.18 described the first case of acute RCA
occlusion in an adult patient during RF catheter ablation
of typical atrial flutter. An acute total thrombotic occlu-
sion of the posterior left ventricular branch of the RCA,
responsible for an acute non-Q wave myocardial infarc-
tion, was observed at coronary angiography. Moreover,
a severe stenosis in the mid portion of the RCA was al-
so present. The authors hypothesized a relationship be-
tween the RF ablation site and the coronary thrombosis,
by positioning a catheter at the targeted ablation site
(right inferior cavotricuspid isthmus) during the acqui-
sition of the angiogram. A precise superimposition be-
tween the tip of the catheter and the coronary occlusion
was considered as proof of the direct thermal effect of
RF delivery on the arterial damage.

In conclusion, coronary artery damage due to direct
thermal energy from RF current has been a concern
since the inception of RF ablation. Acute coronary
artery occlusion due to a direct thermal effect has been
thought to result from different mechanisms: 1) focal
spasm or vessel wall edema, due to the thermal impact,
in patients with normal coronary arteries at angiogra-
phy19-22; 2) intravascular electrocoagulation with local
vessel occlusion because of the extreme vicinity of the
artery to the RF energy application site, in small heart
size patients, especially when associated with long en-
ergy exposure23; 3) thrombus formation at the ablation
target site with distal embolization24.

In our case, the RCA segment closer to the RF ener-
gy-dependent tissue damage showed a patent lumen
without any lesion of the arterial layers, whereas distal-
ly to the ablation site we found a severe stenosis (> 90%)
at the RCA distal segment followed, proximally to the
emergence of the interventricular posterior descending
coronary artery, by an atheromatous plaque complicat-
ed by acute occlusive thrombosis responsible for the
myocardial infarction. Probably the thermal side ef-
fects of RF energy on the arteries are limited by the lu-
minal blood flow, which serves as a heat dispelling
sink, keeping the vessel wall cool when the surround-
ing connective tissue is heated25. In our patient the se-
vere narrowing in the distal segment of the RCA caused
a slowing flow in the distal vessels and this condition
may have amplified the RF energy thermal impact up-
on a complex morphology plaque, representing a nidus
of shear forces that precipitated the hemocoagulative
cascade leading to the acute occlusive thrombosis. 

In consideration of the proximity between the RCA
and the region targeted for the RF current application
site, that is the right inferior cavotricuspid isthmus,
thermal damage of the RCA should always be consid-
ered as potentially harmful during ablation treatment of
typical atrial flutter, especially in elderly patients with
suspected coronary artery disease. 

Nevertheless, in the light of the large recently pub-
lished series26,27, where myocardial infarction follow-

ing atrial flutter ablation has not been reported, occlu-
sive damage of the RCA should be considered as a rare
complication of such a safe and effective ablation pro-
cedure.
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