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Abstract

Lamin A/C Mutations are important to recognized for therapeutic and prognostic reasons. We present the clinical cases of two

sisters with Lamin A mutation presenting with complex atrial arrhythmias, atrioventricular block and ventricular arrhythmias,

associated with ventricular noncompaction and abnormal pulmonary vein anatomy. The successful treatment of complex

irregular atrial arrhythmias by the use of noncontact dipole density mapping and radiofrequency ablation (RFA) is described

in both sisters with long-term follow up results.
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. Lamin A/C Mutations are important to recognized for therapeutic and prognostic reasons. We present the
clinical cases of two sisters with Lamin A mutation presenting with complex atrial arrhythmias, atrioventricu-
lar block and ventricular arrhythmias, associated with ventricular noncompaction and abnormal pulmonary
vein anatomy. The successful treatment of complex irregular atrial arrhythmias by the use of noncontact
dipole density mapping and radiofrequency ablation (RFA) is described in both sisters with long-term follow
up results.

Case report patient A

This female patient was diagnosed with left ventricular non-compaction, left ventricular ejection fraction
(LVEF 0.52) and frequent (30%) premature ventricular contractions (PVC) at the age of 37years. The MRI
did not show any scar nor late enhancement. An electrophysiological study was performed, and the major
origin site of the PVC was identified near the aortic valve and was successfully ablated. Nine years later, at
the age of 46years, she presented with EF 0.47, frequent episodes of non-sustained ventricular tachycardia,
together with frequent and highly symptomatic paroxysmal atrial fibrillation. The patient underwent pul-
monary vein isolation and prophylactic ICD implantation. One year later a redo procedure for multiple left
atrial flutters was unsuccessful, as contact mapping could not localize the irregular atrial activation patterns.
An antiarrhythmic treatment with flecainide was successful, but stopped after 2 years because of decrease in
EF to 0.35. Then at the age of 50years a noncontact mapping system (AcQmap®, Acutus Medical) became
available for a redo proceure. The system has been described elsewhere (1)11. Briefly a beat to beat analysis
of the electrical charge (Coulomb/area) is obtained simultaneously in the entire atrium by signal processing
from 48 noncontact electrodes. The system has been validated against contact mapping in sinus rhythm and
atrial fibrillation(2).

There was no activity in any pulmonary vein. A left atrial map showed a flutter with changing activation
sequence originating from the interatrial septum region with a cycle length of 270ms. (Figure 2 upper panel
left) Therefore also a right atrial map was performed, which showed the trigger at the corresponding site in
the right atrial septum. During RFA at a site with very discrete electrograms (Figure 2 panel A) the flutter
slowed to 365msec and converted to Sinus Rhythm only in the right atrium, while the left atrium continued
in the arrhythmia (Figure 2 panel B). An additional left atrial map showed again the earliest triggers in the
septum and further ablation there led to conversion to Sinus Rhythm (Figure 2 panel C). Afterwards a very
long interatrial conduction time of 200ms was observed.

During follow up of 3 years the patient remained free of atrial arrhythmias longer than 2 minutes according
to the ICD interrogation, in the absence of any antiarrhythmic drug. After discontinuation of flecainide and
in sinus rhythm, the EF remained stable at 0.35. However, she experienced during follow-up repeated stroke
despite anticoagulation with VKA, which were attributed to thromboembolism from the non-compacted
ventricular myocardium. Therefore the anticoagulation was combined with Aspirin.

Case report patient B

This otherwise healthy female patient underwent RFA at the age of 39 years for atrial tachycardia from
the right atrial free wall. At the time she had a normal echocardiogram with normale EF, morphology and
size of both ventricles and mild biatrial enlargement and mitral regurgitation. At the age of 46 years a
pacemaker was implanted for second and third degree Atrioventricular (AV) Block. One year later she had
atrial flutter and underwent successful RFA. At the time prolonged atrial conduction times were noted with
a transisthmus interval of 320msec and a split potential of 188msec. At the age of 48 the patient presented
with incessant pacemaker mediated tachycardia associated with complete anterograde AV Block; for this
reason the retrograde slow pathway of the AV node was ablated.

At the age of 51years the patient had a TIA. Because of symptomatic atrial fibrillation and flutter she
underwent another electrophysiological procedure. During contrast injection into the left superior pulmonary
vein (LSPV) and abnormal connection to the brachiocephalic vein was found (Figure 2). This connection
was subsequently closed with an Amplatzer cardiac plug.
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. The pulmonary veins had no activity during an irregular atrial flutter of varying cycle length between 230
and 260ms (figure 2 A). Mapping with the Acutus system showed a trigger of about 0.5cm diameter at the
anteroseptal left atrium (Figure 2 upper panel). During Radiofrequency-Ablation conversion to sinus rhythm
was observed (Figure 2B). No further atrial arrhythmia could be induced with pacing down to 250ms cycle
length (Figure 2C). During follow up of 1.5 years the patient remained free of relevant atrial arrhythmia
(Atrial fibrillation burden <0.7% in the pacemaker interrogation). An upgrade to an ICD was done in 2021
after pacemaker battery depletion because the Lamin Mutation hat been diagnosed with worse prognosis.

Genetic Testing .

Because of the positive family history genetic testing was performed, which revealed a heterozygtous mutation
in the Exon 6 of the LMNA gene c.1129C>T(p.Arg377Cys) rs397517889 in the sisters and in the two cousins
with DCM. The same mutation was found in an asymptomatic 18-year-old son of Patient A with nonsustained
VT. As a consequence he is scheduled for ICD implantation.

Discussion:

This is the first case reporting the association of Lamin A/C with ventricular noncompaction and a vertical
vein connection from the LSPV to the SVC. The occurrence of atrial and ventricular arrhythmias and AV
block has been typically observed (3-5). Interestingly in these 2 sisters the atrial arrhythmias arose from the
basal interatrial septum, closed to the area where the AV block was present. In addition significant interatrial
conduction delay was present. Hence the MRI in one patient did not show any late enhancement nor scar. The
disease is inherited as autosomal dominant trait with high penetrance; most importantly it may be associated
with an adverse cardiac outcome including heart transplantation and malignant ventricular arrhythmia (5,
6). It is important for the electrophysiologist to diagnose Lamin A/C mutations, as the prognosis is worse
and therefore ICD implantation recommended in many cases(7).

Irregular atrial flutters with intraatrial conduction delay are impossible to map with contact mapping systems
using summation of serial activation measurements annotated to a reference, because atrial conduction times
are not constant. Instead beat to beat analysis of the simultaneous activation in the entire heart chamber
shows the origin of arrhythmias at the instant without annotation. Noncontact mapping of the electrical
potential has limitations set by the physics of the electrical field (1). But the development of a novel mapping
system analyzing the source of the electrical field (charge density and dipole density) has allowed successful
treatment of these 2 patients without major arrhythmias over a follow up of 1.5 and 3 years, as demonstrated
in PM and ICD interrogation.

Key Teaching Point :

We describe several cardiac disorders associated with Lamin A mutation in the same family including, dilated
cardiomyopathy, left ventricular non compaction, complex atrial and ventricular arrhythmias and a vertical
vein connection.

Ablation of complex atrial arrhythmias was possible by the use of noncontact dipole density mapping and
radiofrequency ablation
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Figure 1 : echocardiographic examination of patient A at the age of 37 showing highly trabeculated and
mildly dilated left ventricle. In Short axis, in end-systole a non compacted / compacted ratio of 2.4 was
calculated; this in addition to a borderline ejection fraction of 52% suggested a diagnosis of left ventricular
non compaction. The left ventricular diastolic function was normal. The right ventricle was not dilated and
showed normal function. No valvular abnormalities were detected.

Figure 2 : electrophysiological examination with AcQmap®, Acutus Medical of Patient 1; for details see
text.

Figure 3 : electrophysiological examination with AcQmap®, Acutus Medical of Patient 2; for details see
text.
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