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KEY TEACHING POINTS

� Vein of Marshall ethanol infusion could help the
blockage of the mitral isthmus not only in patients
with normal anatomy, but also in patients with
dextrocardia.

� Vein of Marshall ethanol infusion could also be
performed safely in patients with dextrocardia
during the catheter ablation of persistent atrial
fibrillation.

� There is little experience with vein of Marshall
ethanol infusion in dextrocardia; in this case, the
left anterior oblique projection could facilitate the
performance of vein of Marshall ethanol infusion in
dextrocardia.
Introduction
Dextrocardia is a very rare congenital anomaly with an inci-
dence of 1–2 cases per 20,000 people in the general popula-
tion.1 Catheter ablation has become one of the most
significant approaches to the management of atrial fibrillation
(AF).2 The ablation of AF in patients with dextrocardia is
very challenging owing to the contrary anatomy and compli-
cated variations. Although the use of the 3-dimensional elec-
troanatomical mapping system and intracardiac
echocardiography (ICE) help to overcome the difficulties
encountered with ablation of AF in dextrocardia, cases and
literature regarding AF ablation in dextrocardia are rare,
especially in those with persistent AF.3–6 Additionally, the
long-term outcome of ablation of persistent AF is still unsat-
isfactory. Vein of Marshall ethanol infusion (VOM-EI) has
been recently reported as an important strategy in the ablation
of persistent AF, effective in both the blockage in the mitral
isthmus (MI) and isolation of left pulmonary veins.7,8 How-
ever, there has been no experience about VOM-EI in dextro-
cardia. We report a case of successful VOM-EI with
radiofrequency catheter ablation of persistent AF in mirror-
image dextrocardia.
Case report
A 66-year-old man with mirror-image dextrocardia without
situs inversus was admitted for catheter ablation of symptom-
atic, drug-refractory persistent AF in Beijing Anzhen Hospi-
tal, Beijing, China. The patient had a palpitation over the past
year and developed reduced exercise tolerance 1 month ago,
manifested as shortness of breath during mild activity. The
transthoracic echocardiography demonstrated that the patient
had an enlarged left atrium (LA) with an anteroposterior
diameter of 45 mm and a reduced left ventricular ejection
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fraction of 46%. The patient had a CHA2DS2-VASc score
of 2 and a HAS-BLED score of 1.

After optimal medical therapy, the patient received abla-
tion of persistent AF under conscious sedation. Before the
transseptal puncture, the LA thrombus was excluded by
ICE (Biosense Webster, Irvine, CA). A deflectable decapolar
catheter (IBI; St. Jude Medical, St. Paul, MN) was positioned
into the coronary sinus (CS) through the left femoral vein un-
der the left anterior oblique (LAO) 30� view. A single trans-
septal puncture was performed under the guidance of both
radiography and ICE, which was the same as that in a normal
left-sided heart, but the maneuvers were in the reverse direc-
tion. An 8.5F transseptal sheath and a dilator (SL1; St. Jude
Medical) were advanced over a 0.032-inch guidewire to the
superior vena cava. Then a Brockenbrough needle (St. Jude
Medical) was exchanged over the wire. On the fluoroscopic
anteroposterior view, an entire apparatus, composed of the
sheath, dilator, and transseptal needle, was oriented counter-
clockwise torque toward the interatrial septum (8 o’clock po-
sition) and withdrawn smoothly until the dilator tip “jump”
was observed. It was reconfirmed that the needle was in the
fossa ovale and the needle was rotated to a proper
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Figure 1 Intracardiac electrograms and the ablation map from the 3-dimensional electroanatomical mapping system. Left panel shows the intracardiac electro-
gram of the patient; middle and right panels are the maps of ablation including pulmonary vein isolation, mitral isthmus, roofline, and tricuspid isthmus. (Middle
panel is the ablation map in posteroanterior position; right panel is the map in right anterior oblique 30� position.) CTI 5 tricuspid isthmus; LAA 5 left atrial
appendage; LSPV 5 left superior pulmonary vein; MV 5 mitral valve; RPV 5 right pulmonary vein.
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anteroposterior direction under ICE in a short-axis view of
the left pulmonary vein. Then the needle was advanced into
the LA on the LAO 45� view. After a small amount of
contrast material had been injected to confirm that the needle
was in the proper location, the needle was withdrawn and the
guidewire was inserted into the left superior pulmonary vein.
Then the long sheath was advanced over the wire into the LA.

After the reconstruction of LA by both the ICE and Pen-
taRay catheter (Biosense Webster) under the guidance of a
3-dimensional electroanatomical mapping system (CARTO
Figure 2 Ethanol infusion in the vein of Marshall (VOM) in atrial fibrillation w
identified the ostium of the VOM (yellow arrow). B: An over-the-wire balloon was
arrow). D: Low-voltage area in the left atrium after the ethanol infusion in the rig
3; Biosense Webster), radiofrequency ablation was per-
formed using a 3.5 mm irrigated-tip catheter (Thermocool
SmartTouch; Biosense Webster). After the bilateral pulmo-
nary vein isolation and linear ablation of the LA roof line,
MI, and tricuspid isthmus, cardioversion was performed un-
der sedation with midazolam to restore sinus rhythm
(Figure 1). VOM-EI was performed owing to the unblocked
MI.

The vein of Marshall (VOM) venography was performed
using a femoral approach.9 A 6F angiography catheter
ith dextrocardia. A: Angiography under the left anterior oblique view of 30�

inflated in the VOM. C:Myocardial contrast after the ethanol infusion (white
ht anterior oblique view.



Figure 3 Differential pacing of the mitral isthmus (MI) before and after vein of Marshall ethanol infusion (VOM-EI). A: The pacing position was at the ridge
before VOM-EI in the right anterior oblique 45� view.B:Before the VOM-EI, pacing CS 1-2 showed the time from stim to ABLwas 115ms, which demonstrated
theMI was unblocked.C:Voltage map of the left atrium after VOM-EI in the right anterior oblique 30� view.D: The pacing position was at the ridge after VOM-
EI in the right anterior oblique 45� view. E: After the VOM-EI, pacing CS 1-2 showed the time from stim to ABL was 168 ms, which demonstrated the MI was
blocked clockwise. F: After the VOM-EI, when pacing ABL, the conduction of the coronary sinus is from CS 9-10 to CS 1-2, which demonstrated the MI was
blocked counterclockwise. ABL 5 ablation catheter; CS 5 coronary sinus; LAA 5 left atrial appendage; LPV 5 left pulmonary vein; MV 5 mitral valve.
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(Judkins R4.0; Medtronic, Minneapolis, MN) was advanced
into the CS through the 8.5F SL1 sheath under LAO 30�. The
angiography catheter was positioned near the junction of the
CS and the great cardiac vein with the head pointing toward
the posterosuperior region of the CS, where nonselective
venography was performed to identify the ostium of the
VOM (Figure 2A). The VOM was identified as a posteriorly
directed vein branch of the CS in the LAO 30� fluoroscopic
projection. An over-the-wire balloon (2 mm diameter, 8 mm
length, Boston Scientific, Marlborough, MA) was sent to the
distal end of the VOM under the support of a balanced
middleweight universal guiding wire (0.014 inches ! 190
cm; Abbott, Minneapolis, MN). The balloon was inflated at
a pressure of 8 atm in the VOM (Figure 2B), and selective
venography was then conducted to ensure complete balloon
occlusion of the VOM and enable clear visualization of the
anatomy of the VOM. A total of 9 mL of ethanol (95%)
was injected slowly within 5 minutes into the VOM. VOM
venography was repeated after the ethanol infusion showing
myocardial contrast (Figure 2C, white arrows). After the
VOM-EI, the voltage mapping of the LA was performed to
identify the low-voltage area (Figure 2D), and theMI bidirec-
tional conduction block was confirmed using differential pac-
ing techniques (Figure 3).10 Additionally, complete bilateral
pulmonary vein isolation and other LA linear blocks were
carefully checked and confirmed. Finally, incremental burst
pacing to the effective refractory period of the local atrial
myocardium was performed at the proximal CS to ensure
that no arrhythmia could be induced.

There were no operation-related complications during the
perioperative period and 3 months after the procedure. The
patient had anticoagulation and antiarrhythmic drugs after
the procedure. After the first 3 months, the antiarrhythmic
drugs were discontinued. No atrial arrhythmias occurred after
a follow-up of 8 months.
Discussion
Dextrocardia poses significant challenges to the ablation of
persistent AF. On one hand, there is little information about
AF ablation in dextrocardia. Until now, only several cases re-
ported AF ablation in dextrocardia, especially persistent
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AF.3,4,6 On the other hand, patients with dextrocardia have
many unexpected anatomical variations, and the related oper-
ations during the procedure are reversed, which might in-
crease the risk and occurrence of complications.
Additionally, the long-term outcome of persistent AF abla-
tion is still unsatisfactory. VOM-EI has become an important
adjunctive approach to ablation of persistent AF, contributing
not only to the block of the MI but also to the isolation of the
pulmonary veins.7,8 There is no experience in the VOM-EI in
patients with dextrocardia. To the best of our knowledge, this
is the first case of VOM-EI in mirror-image dextrocardia.
Owing to the anatomical variations and increased difficulty
of operation, initially we did not plan to perform VOM-EI.
However, as simple radiofrequency ablation could not
achieve blockage of the MI, we proceeded with VOM-EI.
The overall VOM-EI procedure was similar to that in normal
patients, except for the reversed operation, with LAO 30�

facilitating the procedure. This case provides insight that
for dextrocardia patients with persistent AF, VOM-EI could
also help to achieve the ablation endpoints, and LAO 30�

could facilitate the operation.
Conclusion
VOM-EI could be performed safely in patients with mirror-
image dextrocardia during the catheter ablation of persistent
AF, and the LAO projection could facilitate the operation.
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