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Abstract. Ventricular tachycardia (VT) and premature 
contraction originating from the right ventricular outflow tract 
(RVOT) usually appear in healthy individuals. Radiofrequency 
ablation (RFA) is highly effective at resolving this type of 
arrhythmia. Refractory VT of RVOT is uncommon and 
occasionally results from cardiac metastasis of extraskeletal 
mesenchymal chondrosarcomas (ESMC). ESMC is a rare 
malignant tumor arising from soft tissues. The current study 
presents the case of a 25‑year‑old male with severe VT arising 
from RVOT due to metastasis of an ESMC that originally 
occurred in the retroperitoneum. The diagnosis was confirmed 
following echocardiography and cardiac magnetic resonance. 
VT was eventually eliminated by RFA, and during the 8‑month 
follow‑up period the patient did not complain of any palpita-
tions. Holter monitoring confirmed the absence of recurrence.

Introduction

Ventricular arrhythmias of the right ventricular outflow tract 
(RVOT), including premature ventricular contraction (PVC) 
and ventricular tachycardia (VT), are usually common in 
healthy individuals without structural heart disease and 
appear to be benign with a good prognosis  (1). However, 
previous studies have reported that malignant arrhythmias, 
such as spontaneous ventricular fibrillation (VF) and poly-
morphic ventricular tachycardia, are occasionally initiated by 
ventricular extrasystoles arising from RVOT (2,3). Generally, 
the majority of PVCs and VTs originating from RVOT can 
be effectively eliminated by catheter radiofrequency ablation 
(RFA) (4) targeting the initiating ventricular extrasystole. It is 
thought that the majority of RFA failures can be attributed to 

inappropriate mapping and location of the target (5). Cardiac 
metastatic tumors are uncommon and usually appear in the 
pericardium  (6). Malignant tumor‑associated myocardial 
infiltration is even more rarely observed in clinical practice 
and may potentially form arrhythmogenic foci (6). Presented 
herein is the case of a 25‑year‑old male patient who suffered 
refractory monomophic VT of RVOT origin and underwent two 
unsuccessful RFAs under the guidance of a CARTO system 
prior to hospitalization. A series of examinations, including 
echocardiography, chest computed tomography (CT), cardiac 
magnetic resonance and intracardiac electrophysiological 
study (EPS), revealed that cardiac metastatic extraskeletal 
mesenchymal chondrosarcomas (ESMCs) of RVOT origin 
gave rise to VT, which was resistant to many antiarrhythmic 
drugs (AAD), and was eventually resolved by RFA therapy.

Case report

A 25‑year‑old male farmer who did not present any structural 
heart disease was admitted to the General Hospital of PLA 
(Beijing, China) in April 2014 following recurrent palpita-
tions and shortness of breath for 16 months. On admission, 
no abnormalities were detected following a routine 12‑lead 
surface electrocardiography (ECG; Fig. 1A). Holter moni-
toring indicated frequent PVC and recurrent monomophic VT 
(Fig. 1B), which originated from RVOT as determined by a 
traditional VT localization algorithm (7). However, although 
the patient underwent two rounds of RFA localized to the 
RVOT using a three‑dimensional mapping system (CARTO) 
in the Henan Province Hospital, ventricular arrhythmia reoc-
curred 3 and 6 days after each procedure, respectively. Two 
weeks prior to hospitalization at the General Hospital of PLA 
in April 2014, the number of VT episodes markedly increased 
and occasionally the VT of the patient spontaneously acceler-
ated to >200 beats/min. In addition, VT degenerated into a 
sustainable pattern resistant to many AADs, which resulted 
in hemodynamic instability and severely impacted the quality 
of life of the patient. The ECG morphology of the PVC and 
VT showed a simple positive R wave in lead II, III, AVF and 
QS in lead V1, as well as a positive R wave in lead V6 with 
R/S transition zone (first precordial lead with R/S ratio >1) in 
lead V3, which was similar to the ECG morphology of the left 
bundle branch block. These ECG characteristics fulfilled the 
diagnostic criteria of idiopathic VT of RVOT origin, however, 
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compared with idiopathic VT manifesting constant ECG 
morphology, ambulatory ECG records indicated intermittent 
small morphological changes of VT in many leads. A notched 
R wave in lead III and AVF, and a higher R wave in lead I inter-
mittently appeared. Simultaneously, an R/S transition zone in 
precordial leads fluctuated between V3 and V4.. Holter moni-
toring indicated that the ventricular rates of VT were markedly 
altered at 90‑210 beats/min (Fig. 1B). Physical examination and 
the results of the laboratory tests carried out using Cobas 6000 
and Modular  P800 analyzers (Roche Diagnositics, Inc., 
Rotkreuz, Switzerland), including 0.3 mg/dl C‑reactive protein 
(normal range, 0‑0.8 mg/dl), 2 mm/h erythrocyte sedimenta-
tion rate (normal range, 0‑20 mm/h), cardiac‑specific enzymes 
including 0.008 ng/ml TNT (normal range, 0‑0.1 ng/ml) and 
CK‑MB 0.67 ng/ml (normal range, 0‑6.5 ng/ml ), 0.3 mg/l 
D‑dimmer (normal range, <0.5 mg/l), 143.8 ng/ml Pro‑B‑type 
natriuretic peptide (normal range,  <150  ng/ml), serum 
electrolytes including 4.1  mmol/l potassium (normal 
range,  3.5‑5.5  mmol/l), 138  mmol/l natrium (normal 
range, 135‑145 mmol/l) and 0.9 mmol/l magnesium (normal 
range, 0.7‑1.2 mmol/l) were within normal ranges.

The same patient with VT was previously diagnosed with 
ESMC in 2012, and underwent tumor surgical resection from 
the retroperitoneum at the Henan Province Hospital. The 
patient did not receive chemotherapy or radiotherapy, and did 
not undergo routine follow‑up. Following admission of the 
patient to the General Hospital of PLA on 14th April, 2014, 
an enhanced chest CT scan revealed extensive nodular mass 
infiltration in the pleura, pericardium, lung and mediastinum 
of the patient (Fig. 3A). These results suggested the tumor 
had metastasized and involved the cardiovascular system. 
Subsequent trans‑thoracic echocardiograghy indicated the 
presence of a tissue mass attached to the anterior free wall 
of the RVOT (Fig. 3B and C). These results were further 
confirmed by cardiac magnetic resonance (CMR), which 
detected an irregular oval mass infiltrated in the myocar-
dium of the RVOT and protruding into the right ventricular 
chamber (Fig. 4A and B). Based on these clinical findings, it 
was suggested that the refractory ventricular arrhythmia of the 
patient may be closely associated with or may directly result 
from a metastatic tumor within the RVOT. However, due to 
the patient's frequent episodes of VT, surgical resection of 
the tumor, chemical therapy and radiation therapy were not 
recommended as a treatment strategy. Due to the relatively 
stable general condition of the patient who had a likely life 
expectancy of >1 year, and due to the fact that sustained VT 
could further impair heart function and degenerate into malig-
nant life‑threatening arrhythmia, a third RFA procedure was 
attempted with the aim to control ventricular arrhythmia.

The present study was approved by the ethical committee 
of the general hospital of PLA. The patient provided informed 
consent and underwent an electrophysiological study following 
fasting and under sedation; amiodarone (Sanofi, Gentilly, 
France) and metoprolol (AstraZeneca, London, UK), which 
had been taken by the patient for 6 months prior to admis-
sion to the General Hospital of PLA, were not discontinued 
with the purpose of reducing the heart rate in the presence of 
VT. Intracardiac electrograms were recorded using an electro-
physiology system (CardioLab; GE Healthcare Bio‑Sciences, 
Pittsburgh, PA, USA). A decapolar mapping catheter (Biosense 

Webster, Inc., Diamond Bar, CA, USA) was positioned in the 
apex of the right ventricle, and a 3.5 mm saline‑irrigated 
catheter (NAVISTAR ThermoCool®; Biosense Webster, Inc.) 
was positioned into the RVOT via the right femoral vein 
using a standard Brockenbrough technique (1). The mapping 
and RFA procedures were performed under the guidance of 
a CARTO system (Biosense Webster, Inc.). A heparinized 
saline solution was continuously infused through the sheath 
(2  ml/min) to avoid formation of thrombi or air emboli. 
Systemic point‑by‑point activation mapping was applied in the 
presence of VT, the earliest bipolar activity and recording of a 
local unipolar QS pattern (Fig. 5C) were used to identify the 
target. The earliest local ventricular activation recorded from 
the distal electrode pair of the ablation catheter should precede 
the onset of the surface QRS complex by 15‑45 ms. As the 
RVOT was infiltrated with tumors, and VT originated from 
numerous sites within the RVOT, the earliest activation site 
changed according to the various VT origins, ranging from 
the anterior ventricular septum to the anterior free wall of the 
RVOT (Fig. 5A and B). An RF current was delivered to a target 
point at a target temperature of 45˚C, a maximum power of 
35 W and an infusion rate of 17 ml/min (Stocker Generator; 
Biosense Webster Inc.). The target point met the following 
criteria: The local activation of the distal electrode pair of the 
ablation catheter preceded the onset of surface ECG QRS by 
≥15 ms; acceleration of the tachycardia followed by gradual 
slowing during ablation were observed; abrupt termination 
occurred during ablation; rapid intrinsic deflection in the 
unipolar QS pattern was observed.

It was revealed that the majority of successful targets were 
located between the anterior ventricular septum and the free 
wall, which was compatible with the mapping results. As VT 
originated from various adjacent sites, a target point with the 
earliest activation was successfully eliminated during the 
process of RFA, and another burst of VT with various rates 
and morphologies appeared a few seconds later, which was 
mapped near the previous target points. Following extensive 
RFA in the area of interest comprising at least 30 target points, 
the VT episode subsided and gradually disappeared. The 
end point of the procedure occurred upon the disappearance 
of spontaneous VT and following non‑inducibility of VT by 
programmed electrical stimulation and/or administration of 
isoproterenol at the rate of 0.2‑0.6 µg/min for 30 min after 
ablation.

Following the procedure, the patient no longer complained 
of palpitations or dyspnea. Ambulatory Holter monitoring 
revealed one episode of accelerated ventricular rhythm similar 
to RVOT VT 2 days after ablation. In addition, a CMR scan 
showed the presence of an enhanced area surrounding the 
metastatic tumor within the RVOT (Fig.  4C), which was 
compatible with ablation points. AADs were discontinued 
1 month after ablation, and no ventricular arrhythmia was 
recorded by Holter monitoring in the 8 months follow‑up.

Discussion

Ventricular arrhythmias arising from the RVOT usually occur 
in the absence of apparent structural heart disease, which is 
idiopathic and rarely life‑threatening, and can be effectively 
eliminated by RFA with a high success rate (4). The mechanism 
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underlying RVOT VT is thought to be adenosine‑sensitive and 
triggered by cyclic adenosine monophosphate (8). Symptoms 
vary based on the severity of the arrhythmia and the sensitivity 
of patients to the rates and duration of VT, and the majority of 
patients experienced mild to moderate symptoms (9). However, 

in the present study, the patient exhibited self‑perpetuating 
refractory VT leading to severe persistent symptoms, which 
were markedly different from common idiopathic RVOT VT, 
and led to the risk of heart failure and sudden death. The patient 
underwent two rounds of RFA at the Henan Province Hospital; 
however, VT recurred 3 and 6 days, respectively, after the two 
procedures. In terms of successful ablation site, the majority of 
patients with idiopathic VT of RVOT origin have only one site, 
however, the patient had two different target sites which were not 
adjacent to each other, which was not compatible with idiopathic 
VT of RVOT origin. In addition, during the episode of VT, VT 
manifested various morphologies and rates, which indicated the 
underlying mechanism may be multiple exits of VT or multiple 
origins of VT. During the process of EPS, the earliest activation 
site did not localize to one point, and instead fluctuated between 

Figure 1. (A) Normal 12‑lead electrocardiogram of the patient on admission. 
(B) Holter recording shows abrupt acceleration of ventricular tachycardia 
with left bundle branch block and inferior axis.

Figure 2. (A) The 12‑lead ECG of the VT of the patient shows a precordial 
R/S transition in lead V4 and a peaked R wave in the lower leads. (B) The 
12‑lead ECG of the VT of the patient shows a precordial R/S transition in 
lead V3, a notched R wave in the lower leads and higher R waves in lead I. 
ECG, electrocardiogram; VT, ventricular tachycardia.

Figure 3. (A) A computed tomography scan of the chest of the patient showed 
extensive nodular mass infiltration in the lung and mediastinum. (B and C) A 
transthoracic echocardiogram showed a mass infiltrating the right ventricular 
outflow tract (indicated by arrows). 
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the free wall and septum within the RVOT, depending on the 
various morphologies and rates of VT. When VT manifested as 
a notched R wave in inferior leads, higher amplitude R waves in 
lead I, and early precordial R/S transition zone (V3) with rapid 
heart rate, the earliest activation point could be recorded near 
the anterior free wall; however, narrow R waves in inferior leads 
with lower amplitude R waves and later R/S transition zones 
(V4), as well as a relatively slow heart rate were ECG character-
istics associated with the earliest activation site in the anterior 
septum. These results strongly supported that the VT of the 
patient may originate from various sites within the RVOT (10,7).

On admission to the General Hospital of PLA, the patient 
underwent a series of examinations that suggested that a meta-
static tumor had infiltrated the RVOT, which may be responsible 
for the refractory VT and explained the multiple origins of VT. It 

has previously been reported that cardiac metastatic tumors may 
result in complete atrioventricular block (11,12) and VT (13,14). 
Myocardium surrounded or infiltrated by metastatic tumor may 
manifest abnormal electrophysiological properties  (15) and 
manifested as increased automaticity due to triggered activity, 
however, severity of myocardial infiltration surrounding the 
metastatic tumor was not homogeneous and resulted in compli-
cated form of VT with variant ECG morphology and heart rate. 
The dominant activation pattern was irregular and randomly 
fluctuated between the anterior free wall and the septum of the 
RVOT. During VT mapping, if local bipolar activation precedes 
the QRS of surface ECG by ≥15 ms with a QS pattern of 
unipolar recording, the site mapped was considered as the ideal 

Figure 4. (A) T1‑weighted (low signal intensity) cardiac magnetic resonance 
imaging of the  mass (indicated by arrows) in the right ventricular outflow 
tract. (B) High signal intensity in T2‑weighted imaging. (C) High signal 
intensity post‑ablation cardiac magnetic resonance shows the ablation line 
(indicated by arrows) surrounding the mass.

Figure 5. CARTO mapping showing the successful targets (red point) located 
between the anterior septum and the anterior free wall. (A) right anterior 
oblique view and (B) left anterior oblique view; the blue point represents one 
of the successful targets (indicated by a black arrow), (C) in which successful 
ablation of the VT target included the earliest activation compared with sur-
face ECG. A unipolar QS pattern is a typical feature of successful ablation, 
which indicates that VT originated from this site.
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target for RFA ablation; it was observed that VT accelerated 
during the initial period of ablation and gradually decelerated 
or terminated within 30 sec, which were typical characteris-
tics of successful target ablation by RF (16,17). After a total 
of 30 points surrounding the tumor were successfully ablated 
within the RVOT, VT was not induced by programmed right 
ventricular stimulation or isoproterenol infusion.

Original cardiac tumors are rarely seen in clinical practice 
with an incidence rate of 0.02% (6). However, cardiac metastatic 
tumors are 20‑40 times more frequent than primary cardiac 
tumors, and predominantly affect the pericardium rather 
than the myocardium (18). It was reported that 10‑12% cases 
of malignant tumors were heart‑associated at autopsy  (18). 
The patient presented in the current case report was there-
fore initially underdiagnosed and thought to have idiopathic 
RVOT‑VT; a history of ESMC was not correlated with ventric-
ular arrhythmia. Following hospitalization, a routine chest CT 
scan indicated the presence of extensive pulmonary metastasis 
of the primary tumor. It has previously been reported that the 
heart is the cause of 23% of systemic metastasis cases (6), which 
led to the hypothesis that the VT of the patient may result from 
myocardial infiltration by a tumor. This hypothesis was further 
confirmed by ECG and CMR scans which outlined the site and 
extent of the metastatic tumor within the RVOT. 

The general condition and past history of patients should 
be carefully monitored if typical RVOT‑VT could not be 
ablated or recurs following several procedures. In these cases 
the RVOT may be affected by malignant metastatic tumors 
and may become an arrhythmogenic foci. CMR is particularly 
useful for identifying cardiac metastases due to its ability to 
provide tissue characterization (19,20); the mass‑infiltrated 
RVOT of the patient emitted a low signal intensity on the 
T1‑weighted CMR image and a high signal intensity on the 
T2‑weighted CMR image, which was compatible with the 
CMR characteristics of malignant tumors and ESMCs (19,20). 

Chondrosarcoma is an invasive skeletal tumor with various 
grades of malignancy, and represents ~11% of all primary 
malignant bone tumors (20). This type of tumor rapidly evolves 
and has a strong tendency to metastasize, and is resistant to 
chemotherapy (21). Chondrosarcomas usually occur in patients 
aged 40‑80 years, and are more frequent in men (22). 90% of 
chondrosarcomas are conventional, and the remaining 10% 
include dedifferentiated, clear cell, myxoid and mesenchymal 
chondrosarcomas (22), with myxoid being the most common 
subtype. The present case was determined to be a mesenchymal 
chondrosarcoma as confirmed by pathological examination. 
ESMC may appear in any location that contains mesenchymal 
cells; primary sites include limb extremities, the torso, the head 
and neck, and rarely the heart  (23‑25). Compared with the 
myxoid subtype, the ESMC subtype is rare, more aggressive 
and with poor prognosis due to the high probability of metas-
tases (26), which may occur several years following the initial 
treatment. Cardiac metastasis of ESMCs is infrequent; it has 
been reported that the most common site of cardiac metastasis 
are the right atrium and left intracavity, leading to pulmonary 
embolism and systemic embolism (27,28). Dyspnea and pleu-
ritic chest pain are the most common symptoms associated with 
cardiac metastases (29). To our knowledge, RVOT involvement 
is rarely observed and refractory ventricular arrhythmia has not 
previously been described as a primary symptom. In the present 

study, metastatic ESMC‑associated VT was effectively treated 
with RFA rather than surgical resection. During the 8 month 
follow‑up period, the patient did not report any further palpi-
tations, and Holter monitoring confirmed the absence of VT 
recurrence. Previous studies have reported that the median time 
from the initiation of cardiac symptoms to the time at which 
the patient succumbs to the disease was 2 months in the case of 
cardiac metastases (30,31). However, the general health of the 
patient reported was relatively stable 8 months following the 
RFA procedure, and the patient is currently undergoing further 
treatment for ESMC. The results of the present study suggested 
that the treatment of VT by RFA targeting following ESMC 
cardiac metastasis may significantly increase patient lifespan.
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