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a b s t r a c t 

Magnetic resonance imaging is a novel imaging technique for guiding electrophysiology 

based ablation operations for atrial flutter and typical atrial fibrillation. When compared 

to standard electrophysiology ablation, this innovative method allows for better outcomes. 

Intra-procedural imaging is important for following the catheter in real time throughout 

the ablation operation while also seeing cardiac architecture and determining whether the 

ablation is being completed appropriately utilizing oedema sequences. At the same time, 

intra-procedural imaging allows immediate visualization of any complications of the pro- 

cedure. We describe a case of a 67 year old male underwent an isthmus-cavo-tricuspid 

magnetic resonance-guided thermoablation procedure for atrial flutter episodes. During the 

procedure we noted an atypical focal thinning of the right atrial wall at the isthmus cava- 

tricuspidal zone. The post-procedural Black Blood T2 STIR showed an area of hyperintensity 

at the hepatic dome and glissonian capsule, which was consistent with intraparenchymal 

hepatic oedema, in close proximity to the atrial finding. Given the opportunity to direct 

monitoring of adjacent tissues, we aim to highlight with our case the ability of magnetic 

resonance-guided cardiac ablation to immediately detect peri-procedural complications in 

the ablative treatment of atrial fibrillation. 
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Introduction 

Atrial fibrillation (AF) and atrial flutter catheter ablation
is a well-known technique for preventing AF recurrences
[ 1 ,2 ]. When performed by adequately educated operators, AF
catheter ablation is a safe and preferable alternative to antiar-
rhythmic drug for sinus rhythm maintenance and symptom
relief [ 3 ]. Although electrogram characteristics along with pac-
ing techniques are and will continue to be the foundation of
electrophysiology, they have limits in terms of substrate iden-
tification. Magnetic resonance (MR) guiding of electrophysio-
logical treatments is gaining ground in the ablative treatment
of atrial fibrillation thanks to its ability to reduce radiation ex-
posure while improving catheter navigation to anatomic areas
such as the pyramidal space, left ventricular peak, and papil-
lary muscles [ 4–6 ]. Real-time MR allows direct monitoring of
adjacent tissues such the esophagus, pericardium, and coro-
nary vasculature, providing real-time feedback to lessen the
risk of complications and when they occurred to recognize
them instantly [ 7 ]. 

Case report 

A 67-year-old man, hypertensive, hypercholesterolaemic, ex-
smoker, and with a previous transient ischemic attack (2006)
came to our attention for a history of persistent long-standing
atrial fibrillation, first treated with Coumadin and then with
Eliquis. In July 2017, the patient underwent electrical car-
dioversion after a transesophageal echocardiogram. Since
January 2018, the patient complained of sporadic episodes of
heart palpitation lasting > 24 hours. Holter electrocardiogram
performed in January 2018 documented absence of AF phases.
In July 2018 the patient performed new emergency room ac-
cess for episode of persistent AF (120bpm) cardioverted with
endovenous flecainide. In relation to the onset of a further
 

Fig. 1 – (A) Pre ablation Black Blood T2 STIR sequence oriented al
atrial wall. (B) Post ablation sequences show the presence of intr
treatment extended to the diaphragm and hepatic dome (white a
episode of heart palpitation lasting > 6 hours in the following
days, flecainide therapy was increased by the treating physi-
cian to 1 cp x 2. In December 2018 the patient underwent pul-
monary vein isolation; however, in July 2019 after a recurrence,
he underwent an additional cavotricuspid ablation procedure.
The patient reported no episode of heart palpitation, dyspnea,
and angina until February 2021 when he re-entered the emer-
gency department for an episode of electrically cardioverted
atrial flutter. The attending physician replaced flecaindide
therapy with sotalol 8mg 1/2 cp x2. The patient reported
multiple, although not rapid, recurrences of atrial flutter and
was scheduled for MR-guided isthmus-cavo-tricuspid (CTI)
ablation in September 2022. The following ablation settings
were used: temperature limit 41 °C; power limit 65 W; irriga-
tion flow 17mL/min. At the end of the procedure Black Blood
T2 short tau inversion recovery (STIR) sequence oriented
along the short axis bi-atrial plane show the presence of
intramural edema compatible with normal tissue reaction to
ablation treatment ( Fig. 1 A). The post-procedural steady state
free precession (SSFP) cine sequences, performed to evaluate
right atrial wall motion, showed the presence of anoma-
lous focal thinning of the right atrial wall at the isthmus
cava-tricuspidal zone with suspected atrial wall discontinu-
ity ( Figs. 2 A and B), in the absence of pericardial effusions.
The post procedural Black Blood T2 STIR showed marked
hyperintensity at the hepatic dome and glissonian capsule
in contiguity with the atrial finding consistent with intra-
parenchymal hepatic oedema ( Fig. 1 B). The post-procedural
late gadolinium enhancement (LGE) sequences showed at the
isthmus cava-tricuspidal zone an area of signal hypointensity
representing focal right atrial wall damage ( Figs. 2 C and D). 

After the procedure, the patient complained of right
hypochondrium pain radiating to the ipsilateral shoulder and
arm. Hematochemical tests inherent to liver function showed
increased transaminase values, confirming the procedure-
induced liver insult. In relation to the MR finding, the pa-
tient underwent transthoracic echocardiogram in the follow-
ing days, which confirmed thinning and irregular appearance
ong the short axis bi-atrial plane show normal aspect right 
amural edema as a sign of tissue reaction to ablation 

rrow). 
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Fig. 2 – (A and B) SSFB CTI LONG AXIS and SSFP BI-ATRIAL SHORT-AXIS, the post-procedural cine sequences performed to 

evaluate atrial wall motion and anatomical appearance, showed the presence of anomalous focal thinning of the right atrial 
wall at the cavo-tricuspid isthmus zone (blue arrows). (C and D) 3D IR TFE BREATH-HOLD BI-ATRIAL SHORT-AXIS the 
post-procedural LGE sequences showed an area of signal hypointensity representing focal right atrial wall damage with 

suspect of endocardial wall discontinuity (black asterisks). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of the atrial wall, with no evidence of pericardial effusion as-
cribable to atrial perforation. 

Discussion 

Catheter ablation procedures for the treatment of AF have
become increasingly popular in recent years [ 8–10 ]. As these
treatments have grown more extensively used, the number of
reported problems has progressively climbed. 

Actually, cardiac magnetic resonance (CMR)-guided cavo-
tricuspid isthmus ablation for normal atrial flutter is becom-
ing growing in popularity as an alternative to traditional X-
ray methods [ 11 ]. The ability to visualize the heart in 3D, as
well as the real-time interaction between the tip of the abla-
tion catheter and the cardiac structure, allows for confidence
in the region to treat and reduce the risk of complications [ 12 ].

The ablation system equipment is directly connected to
MRI scanners, enabling active catheter tracking and active
catheter imaging throughout the ablation procedure. During
cardiac ablation operations in the MR room, CMR offers real-
time image guiding of the Vision-MR Catheters. The Vision-
MR Catheter tip contains two integrated MR receiving coils
(distal coil is 8 mm from catheter tip). MR fields interact with
these coils to offer real-time location guidance and confirma-
tion. The radiofrequency (RF) energy collected by the coils is
displayed on-screen in real time as two brilliant circles while
in the scan plane. The passive tracking approach is a con-
solidated imaging technique that does not require any spe-
cific software and allows visualization of susceptibility arti-
facts or signal voids caused by catheters and guidewires. For
the identification of CTI oedema, T2-weighted STIR oriented
in the 2ch right para-atrio-ventricular plane can be obtained
immediately after the ablation procedure. The presence of re-
active oedema indicates a phlogistic reaction to ablation ther-
apy and serves as an intra-procedural marker for detecting ab-
lation procedure prolongation [ 13 ,14 ]. Simultaneously, intra-
and peri-procedural imaging allows us to detect complica-
tions associated with thermo-ablation at the onset. At the end
of the procedure, SSFP cine sequences can be done to evaluate
right atrial wall motion, the presence of intracavitary thrombi,
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and ventricular function. Whether the tissue is heated by RF
current, ultrasound, or laser photocoagulation, or frozen by
cryoablation, the transfer of ablative energy to the left atrium
(LA) is linked with a wide range of possible dangers. These de-
structive energies have the potential to cause unintentional
disruption of the atrial wall, myocardial perforation, and col-
lateral injury to the tissues around the LA [ 13 ,14 ]. The esopha-
gus, intrathoracic nerves, bronchi, pulmonary veins (PVs), lung
parenchyma, coronary arteries, and the cardiac conduction
system are all prone to ablation harm [ 15–18 ]. 

With our case we want to emphasize the ability of AMR
to recognize procedural complications instantaneously giv-
ing the physician the possibility to well understand the cor-
rect energy to use for the ablation procedure and to permit
a rapid treatment if it is needed with the goal to achieve the
best patient’s clinical outcome. In our case the complication,
due to excessive tissue heating by radiofrequency, was mild
and self-limiting. In other cases the possibility of identifying
during the procedure itself a possible inadvertent disruption
of the atrial wall, a myocardial perforation or an ablation in-
jury of the esophagus, intrathoracic nerves, bronchi, PVs, lung
parenchyma or coronary arteries, could be lifesaving. 

Conclusion 

Challenges are unavoidable in any invasive surgery, and while
the effectiveness of AF ablation has only steadily improved,
significant progress has been made in recognizing and pre-
venting issues. Physicians doing these treatments must be
alert for problems and proficient at treating them quickly. CMR
guiding of cardiac catheterization operations has become a re-
ality due to the requirement for an imaging modality that pro-
vides improved structural delineation of complicated cardiac
anatomy, multiplanar imaging, extra physiologic information
without the risk of ionizing radiation and with the great ad-
vantage of immediately detecting peri-procedural complica-
tions. 

Patient consent 

The authors declare that this report does not contain any per-
sonal information that could lead to the identification of the
patient. Informed consent was obtained from the patient. 
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