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Cryoablation of ventricular arrhythmia originating from the left
coronary cusp in an adolescent with PVC-induced cardiomyopathy

Ventriküler ekstrasistol ilişkili kardiyomiyopatili bir adölesanda
başarılı sol koroner yaprakçık kriyoablasyonu
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Özet– Koroner yaprakçıklardan kaynaklanan ventriküler 
aritmi nadir olmayan bir durumdur. Ancak aortik yaprak-
çıklardan kaynaklanan çıkım yolu ventriküler aritmilerinin 
haritalaması ve ablasyonu uğraştırıcı olabilir. Bu alanda 
radyofrekans ablasyon nadir ancak ciddi komplikasyonlara 
sebep olabilir. Bu yazıda, çok sık nonsustained ventrikü-
ler taşikardi atakları ve prematür ventriküler kontraksiyon 
ilişkili kardiyomiyopatisi olan 17 yaşındaki erkek hasta su-
nuldu. Hastanın ventriküler aritmisi, sol koroner yaprakçık 
kaynaklıydı. Hastaya başarılı kriyoablasyon işlemi uygu-
landı. Yüksek riskli bölgelerde, kriyoablasyon etkili ve gü-
venli bir alternatif yöntemdir.

Summary– Ventricular arrhythmias arising from coronary 
cusps are not uncommon. However, the mapping and abla-
tion of outflow tract ventricular arrhythmias originating from 
aortic cusps can be challenging. Radiofrequency ablation 
of this area can cause rare but serious complications. This 
was a report of a 17-year-old male patient with very fre-
quent, nonsustained ventricular tachycardia attacks and 
premature ventricular contraction-induced cardiomyopathy. 
The origin of the ventricular arrhythmia was determined to 
be the left coronary cusp, and the patient was treated suc-
cessfully with cryoablation. In high-risk areas, cryoablation 
is an effective and safe alternative method.
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Premature ventricular contractions (PVCs) are very 
common and usually do not require treatment.[1] 

However, when they cause symptoms such as PVC-
induced cardiomyopathy or malignant arrhythmia, 
they should be treated.[2] Previously, a PVC burden of 
24% was accepted as the threshold value for the de-
velopment of cardiomyopathy;[3] however, it was later 
understood that there are variables other than PVC 
burden, like the origin of the PVCs, that can influence 
the development of cardiomyopathy.[2] 

Outflow tract ventricular contractions can orig-
inate from either the right ventricular outflow tract 
(RVOT) or the left ventricular outflow tract (LVOT). 
The supravalvular region of the coronary cusp and the 
infravalvular endocardial region within the left ventri-
cle (LV) are important sources on the left side. Abla-
tion procedures in these areas have a high risk because 
of the proximity to vital structures, such as the coro-

nary arteries. For this 
reason, the anatomy 
of this region should 
be well known before 
commencing an abla-
tion procedure.

RF ablation in 
this region has been 
performed for a long 
time. However, it 
has been associated 
with life-threatening collateral damage.[4] Cryoabla-
tion should be considered as an alternative ablation 
energy method, as careful use appears to have fewer 
harmful effects on the coronaries.[5] Moreover, an atri-
oventricular (AV) block created with cryoablation is 
reversible. This is a case report of a patient who was 
treated successfully with coronary cusp cryoablation.

Received: August 24, 2018   Accepted: August 05, 2019

Correspondence: Dr. Yakup Ergül.  Mehmet Akif Ersoy Kalp ve Damar Cerrahisi Eğitim ve
Araştırma Hastanesi, Çocuk Kardiyoloji Kliniği, İstanbul, Turkey.

Tel: +90 212 - 692 20 00  e-mail: yakupergul77@gmail.com
© 2020 Turkish Society of Cardiology

Abbreviations:

3D	 Three-dimensional
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EPS	 Electrophysiology study
LCC	 Left coronary cusp 
LMCA	 Left main coronary artery
LV	 Left ventricle
LVOT	 Left ventricular outflow tract 
PVC	 Premature ventricular contraction
RF	 Radiofrequency
RVOT	 Right ventricular outflow tract 
VT	 Ventricular tachycardia
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CASE REPORT

A 17-year-old male patient was referred to our cen-
ter for PVC-related cardiomyopathy. The patient 
had been experiencing fatigue, abdominal pain, and 
stomach problems for 6 months. Frequent PVCs, ven-
tricular triplets, and slow-rate ventricular tachycardia 
(VT) were detected on an electrocardiogram (ECG). 
To reduce the PVC load, a beta blocker agent was pre-
scribed. A surface ECG showed frequent PVCs with 
a left bundle branch block, an inferior axis, a tran-
sition zone at V3, and a slow VT of 3-4 beats (Fig. 
1). The intrinsicoid deflection time and the maximum 
deflection index of the PVCs were calculated as 120 
milliseconds and 67%, respectively. There was no 
pseudodelta wave. Echocardiography images showed 
left ventricular (LV) dilatation. The ejection fraction 
was measured as 40% and the fractional shortening as 
20%. About 70% of the Holter recordings indicated 
uniform PVC and non-sustained VT attacks at a speed 
of 140/minute. Cardiac magnetic resonance revealed 
LV dilatation and a decrease in LV function, but no 
findings supported arrhythmogenic right ventricular 
dysplasia. The patient underwent an exercise stress 
test, and even though the PVCs were suppressed at the 
maximal heart rate, there were very frequent PVCs 
and non-sustained VT attacks in the beginning and 
recovery phases. To completely—or at least largely—
eliminate the PVCs, a decision was made to conduct 
an electrophysiology study (EPS) and ablation.

At the start of the procedure, local anesthesia was 
administered to avoid suppression of the PVCs. A 
three-dimensional (3D) navigation system (EnSite 
NavX, St. Jude Medical, Inc., St. Paul, MN, USA) and 

fluoroscopy were used. The diagnostic EPS catheters, 
guided by EnSite Velocity 3D electroanatomical map-
ping (St. Jude Medical, Inc., St. Paul, MN, USA), 
were placed within the right atrium, coronary sinus, 
and right ventricle. After basic measurements were 
taken, right atrial and right ventricular mapping was 
performed with a 6-F diagnostic catheter. In the pos-
terior of the RVOT, the point of earliest activation 
was 33 milliseconds before the surface QRS complex 
and was marked using activation mapping (Fig. 2). 
At this point, a 90%–93% match was achieved with 
pace mapping. Three RF ablation lesions were deliv-
ered at 50 watts and 60°. However, the PVCs could 
not be completely eradicated during the RF procedure 
despite the burn response. A left-sided source was 
suspected due to the dominant negativity at DI and 
aVL and the early PVC transition ratio (V3). A 7-F, 
4-mm tip RF Marin-R catheter (Medtronic, Inc., Min-
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Figure 1. Frequent, nonsustained ventricular tachycardia 
attacks are seen on a surface electrocardiogram. The pre-
mature ventricular contractions (PVCs) have a left bundle 
branch block-inferior axis pattern. The PVCs transition zone 
was V3, which is before the sinus transition zone (V4).

Figure 2. This illustration shows the initial ablation zone in 
the right ventricular outflow tract posteroseptal region. This 
unipolar recording is in the QS pattern. In unipolar record-
ings, the QS pattern is noteworthy.

Figure 3. There was a potential in the left coronary cusp. 
During premature ventricular contractions, the coronary si-
nus pattern was eccentric. This was in favor of the left ven-
tricle source.



Ventricular arrhythmia cryoablation in a coronary cusp 173

neapolis, MN, USA) was advanced to the aortic valve 
in a retrograde direction. The potential and fractional 
signals in the left coronary cusp (LCC) were obtained 
(Fig. 3). Moreover, for the first time, the earliest lo-
cal ventricular activation was sufficient to precede 
the surface QRS complex by 56 milliseconds. Since 
the target was close to the left main coronary artery 
(LMCA), injections were given at the 45° left anterior 
oblique, 30° right anterior oblique, and 45° left ante-
rior oblique/45° caudal positions before starting the 
procedure (Fig. 4). As it was not possible to deliver 
RF energy further in the area close to the LMCA, it 
was decided to continue the procedure with cryoabla-
tion, and the RF catheter was replaced with a cryoab-
lation catheter. A separate focus located 6 mm from 
the LMCA was labeled using the EnSite Velocity 3D 
electroanatomical mapping system (Fig. 5). The po-
sition of the catheter was also confirmed fluoroscopi-
cally (Fig. 6).

First, a lesion on the marked region was created 
with an application lasting 360 seconds. Immediately 
after reaching a temperature of -80°C, the PVCs were 
completely eliminated during the application of the 
first lesion. Five more lesion applications of 240 sec-
onds each were created in the vicinity of the target 
area. No arrhythmias were induced with or without 
orciprenaline and dobutamine. The procedure lasted 3 

hours and 25 minutes, with a low fluoroscopy time of 
8.7 minutes. During and after ablation, injections into 
the LMCA were repeated, and the coronary artery was 

Figure 4. Left coronary artery patency was checked with re-
current angiograms The left Judkins catheter was kept in the 
left coronary cusp during all of the ablation. However, injec-
tion from the left main coronary artery orifice was performed 
only at the beginning and end of the procedure.

Figure 6. The location of the cryoablation catheter was con-
firmed with angiography.

Figure 5. (A) Image of cryoablation catheter on a three-di-
mensional system. The distance from the marked point to 
the left main coronary artery is sufficient for safe ablation; 
(B) The distance between the first ablation zone and the 
successful point in the right ventricular outflow tract (RVOT) 
can be seen (The first ablation zones in the RVOT are indi-
cated with yellow dots).

A
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observed to be patent. The left Judkins catheter was 
not kept in the LMCA orifice during the entire pro-
cedure, and no ST-T changes were seen on the ECG. 
The procedure was terminated without complications. 
Heparin was administered to maintain a target acti-
vated clotting time of approximately 250–300 sec-
onds. The patient was discharged after 1 night. Holter 
monitoring and another ECG did not demonstrate any 
PVCs after the procedure (Fig. 7). There was no dam-
age to, or failure of, the aortic valve. Acetylsalicylic 
acid therapy was recommended for 3 months. Three 
months after the procedure, the patient did not have 
any symptoms, and the LV dilatation was reversed 
on echocardiography; however, full functional and 
anatomical recovery took a year. There were no in-
dications of PVCs on a Holter recording 1 year after 
the procedure. 

DISCUSSION

In the absence of structural heart disease, PVCs are al-
most always considered benign.[1,6] However, frequent 
PVCs can lead to depressed LV function, namely, 
PVC-induced cardiomyopathy.[2,7] In addition to the 
PVC burden, there are several risk factors associated 
with cardiomyopathy development. The long-term 
presence of PVCs, the absence of symptoms, a PVC 
with an epicardial origin, and a longer PVC QRS du-
ration are linked to cardiomyopathy.[2,7–9] Due to the 
75% PVC rate in our patient, the cardiomyopathy was 
largely associated with PVC frequency.

Outflow tract VT or frequent PVCs often occur in 
the absence of structural heart disease and account 
for 10% of all VT.[1,10] They may present in the form 
of isolated or incessant PVCs, or as tachycardia.[2,11] 
An important portion of outflow tract PVCs origi-

nate from the LVOT, including the cusps of the aortic 
valve.[12,13] 

Due to their spatial proximity, it can be difficult to 
distinguish between PVCs originating from the RVOT 
and the LVOT.[14,15] In 3D, the aorta is located between 
the RVOT, the tricuspid annulus, and the mitral an-
nulus. The RVOT has a slightly leftward and anterior 
position compared with the aorta. The right coronary 
cusp is located just behind the posterior portion of the 
RVOT, while the left coronary cusp is located in front 
of the mitral anterior leaflet and forms the aorto–mi-
tral continuity.[15,16] The noncoronary cusp does not 
usually come into direct contact with the ventricular 
myocardium. PVCs may also originate from the AV 
valve annulus.[14,15] The anteroseptal and para-Hisian 
regions on the side of the tricuspid valve and the an-
terolateral and posteroseptal regions on the side of the 
mitral valve are the most common sources of PVCs.
[14–16] PVCs can also originate from the epicardial re-
gions. The crux where the AV groove and the posterior 
interventricular groove meet, and the summit, which 
is the superior portion of the LVOT, are the most im-
portant sites for epicardial PVC origin.[14–16] 

The extension of the myocardium into the aorta 
makes the aortic cusp one of the most important tar-
gets of VT ablation. Ablation of VT and PVCs orig-
inating from the aortic cusps is indicated in patients 
with sustained arrhythmias, persistent symptoms that 
cannot be controlled with medical treatment, and ar-
rhythmia-induced cardiomyopathies.[10,11,13]

RF ablation is still widely used in the treatment 
of outflow tract VT. However, it may be associated 
with life-threatening coronary collateral injury and ir-
reversible AV conduction damage in certain locations.
[4,5] In such regions, it is necessary to limit the amount 
of energy and not get too close to vital structures. 
Both can lead to a decrease in RF ablation efficiency.

In an animal study conducted by d’Avila et al.,[17] it 
was determined that the diameter and depth of lesions 
created by cryoablation were not more superficial or 
smaller than those produced by RF.[7] It has even been 
reported that, in some cases and case series, perma-
nent cures were provided with cryoablation at some 
points where RF was not effective. Cryoablation is 
significantly safer than other methods in regions close 
to vital structures. Histological evaluation has demon-
strated that cryolesions cause less endothelial disrup-
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Figure 7. The patient’s electrocardiogram results 1 day after 
the operation.
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tion. Additionally, they provide a more homogeneous 
border zone with preservation of extracellular colla-
gen than RF.[17,18] The latter is of particular interest 
when ablating near critical structures, including the 
His bundle and coronary vessels, which are encased 
in a thin layer of connective tissue. Thus, both the AV 
node damage and coronary spasm that are created by 
cryoablation are reversible. 

Moreover, catheter adherence appears to be an-
other important advantage of cryoablation versus 
other techniques. Since a large quantity of blood flow 
occurs in the ascending aorta, catheter stability is of 
primary concern during ablation. Cryoablation ap-
pears to dramatically reduce serious side effects with-
out sacrificing either lesion size or depth.[17–19]

The biggest drawback of cryoablation is the rel-
ative catheter stiffness. However, weight-appropriate 
catheter selection and careful catheter manipulation 
can overcome this problem. Another concern is recur-
rence. Nonetheless, consistent with case series in the 
literature, there was no recurrence in our case.

In conclusion, cryoablation may be an effective 
and safe alternative method for the elimination of ven-
tricular arrhythmias above the aortic valve in selected 
patients. Although we observed acute and short-term 
success in our patient, other studies are required to as-
sess the likelihood of long-term recurrence and com-
plications.[20]
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