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Introduction
In younger patients, Lamin heart disease is
an underdiagnosed etiology of complex irreg-
ular atrial arrhythmias occurring in the ab-
sence of pulmonary vein activity. As serial
measurements of the contact electrogram
(EGM) cannot be annotated in such cases, we
used a novel noncontact mapping array to lo-
calize and target these arrhythmias. We pre-
sent two sisters with focal atrial arrhythmias
originating from the right and left interatri-
al septum. The diagnosis of Lamin A/C mu-
tation was made years after the intervention.
Additional findings such as conduction sys-
tem disease and unusual morphological ab-
normalities, such as ventricular noncom-
paction and abnormal pulmonary vein
connection are presented.

Case Report Patient A
This female patient was diagnosed with left
ventricular noncompaction (fig. 1), left ven-
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tricular ejection fraction (LVEF) 0.52 and fre-
quent (30%) premature ventricular contrac-
tions (PVC) at the age of 37. The magnetic
resonance imaging showed no scar nor late
enhancement. An electrophysiological study
was performed and the PVCs were mapped
in the left ventricular outflow tract and were
successfully ablated. Nine years later, at the
age of 46 years, she presented with LVEF of
0.47, frequent episodes of nonsustained ven-
tricular tachycardia (NSVT) and sympto-
matic paroxysmal atrial fibrillation. The pa-
tient underwent pulmonary vein isolation
and prophylactic implantation of an im-
plantable cardioverter-defibrillator (ICD) for
intermittent atrioventricular (AV) block and
NSVT associated with noncompaction. One
year later, a redo procedure for multiple left
atrial arrhythmias was performed, but the ir-
regular atrial activation patterns could not be
mapped with the contact mapping system.
An antiarrhythmic treatment with flecainide

was administered but had to be stopped after
two years because of declining LVEF (to
0.35). Then, at the age of 50 years, she un-
derwent a redo procedure for left atrial ar-
rhythmias when a novel noncontact mapping
system (AcQMap®, Acutus Medical) had be-
come available [1]. This system allows a beat-
to-beat analysis of the atrial activation by as-
sessing the electrical charge (Coulomb/area)
simultaneously in the entire atrium. The
method has been validated against contact
mapping in sinus rhythm and atrial fibrilla-
tion [2]. Noncontact maps were acquired for
a duration of 30 seconds each.

There was no activity in any pulmonary
vein and low voltage in the left atrium. A left
atrial map showed an atrial arrhythmia orig-
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Treatment of Complex Atrial Ar-
rhythmias in Lamin Heart Dis-
ease

FigurFigure 1:e 1: Noncompacted myocardium in Lamin
mutation. Echocardiographic examination of pa-
tient A at the age of 37 showing highly trabeculat-
ed and mildly dilated left ventricle. In short axis, in
end-systole a noncompacted/compacted ratio of
2.4 was calculated; this in addition to a borderline
ejection fraction of 52% suggested a diagnosis of
left ventricular noncompaction. The left ventricu-
lar diastolic function was normal. The right ventri-
cle was not dilated and showed normal function.
No valvular abnormalities were detected.
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inating from the interatrial septum region
with a cycle length of around 270 ms (fig.
2A and D). Then a right atrial map was per-
formed, which showed an earlier origin at the
opposite site in the right atrial septum (fig. 2B
and C). Here radiofrequency ablation (RFA)
was applied, despite barely visible local EGMs
on the ablation catheter. The arrhythmia
slowed to 360 ms (fig. 2B) and converted to
sinus rhythm in the right atrium, while the
left atrium stayed in arrhythmia (fig. 2E). An-
other left atrial map confirmed the origin in
the septum, and further ablation there led to
termination of the arrhythmia in the left atri-
um (fig. 2F). Afterwards, a very long inter-
atrial conduction time of 200 ms was ob-
served.

During follow up of three years, the patient
remained free of atrial arrhythmias longer
than two minutes according to the ICD in-
terrogation in the absence of any antiarrhyth-
mic drug (fig. 4). However, she experienced
repeated strokes despite anticoagulation with
a vitamin K antagonist (phenprocoumon),
which were attributed to thromboembolism
from the noncompacted ventricular my-
ocardium. Therefore, the anticoagulation was
combined with acetylsalicylic acid.

Case Report Patient B
This otherwise healthy female patient under-
went RFA at the age of 39 for atrial tachycar-
dia from the right atrial free wall. At the time,
she had a normal echocardiogram with nor-
mal LVEF, morphology and size of both ven-
tricles. There was only mild biatrial enlarge-
ment and minimal mitral regurgitation. At
the age of 46, a pacemaker (PM) was implant-
ed for intermitted second and third degree
AV block. One year later, she had atrial flutter
and underwent successful RFA at the cavotri-
cuspid isthmus. At the time, prolonged atri-
al conduction times were noted with a tran-
sisthmus interval of 320 ms and a split
potential of 188 ms in the absence of antiar-
rhythmic drugs. At the age of 48, the patient
presented with incessant PM mediated tachy-
cardia in the presence of complete antero-
grade AV block. Therefore, the retrogradely
conducting slow pathway had to be ablated.

At the age of 51 years, the patient had a
transient ischemic attack. Because of symp-
tomatic atrial arrhythmia, an electrophysiol-
ogy procedure with AcQMap® from Acutus
Medical was performed. During contrast in-
jection into the left superior pulmonary vein
(LSPV), an abnormal vertical vein connec-

tion to the brachiocephalic and superior caval
vein (SCV) was found (fig. 3A and B).

The pulmonary veins had no activity dur-
ing an irregular atrial arrhythmia of varying
cycle length between 230 and 260 ms with
very low amplitudes on surface electrocardio-
gram (ECG) (fig. 3D). Beat-to-beat atrial
mapping with the Acutus system showed a fo-
cal origin of about 0.5 cm diameter at the an-
teroseptal left atrium (fig. 3C). During RFA
conversion to sinus rhythm was observed (fig.
3E). No further atrial arrhythmia could be
induced with pacing down to 250 ms cycle
length. During follow up of 1.5 years, the pa-
tient remained free of relevant atrial arrhyth-
mia (atrial fibrillation burden <0.7% in the
PM interrogation) (fig. 4). An upgrade to an
ICD was done in 2021, when the Lamin mu-
tation had been diagnosed. The vertical vein
connection was closed percutaneously with
an Amplatzer™ cardiac plug.

Genetic Testing
Because of the positive family history, genetic
testing was performed which revealed a het-
erozygous mutation in the exon 6 of the LM-
NA gene c.1129C>T (p.Arg377Cys)
rs397517889 in both sisters (patient A and B).
The same mutation was found in an asymp-
tomatic 21-year-old son of patient A with
NSVT. For primary prevention he underwent
prophylactic ICD implantation.

Discussion
These are the first case reports of complex
irregular atrial arrhythmias mapped with a
novel noncontact mapping system (Ac-
QMap®, Acutus Medical) in Lamin heart dis-
ease. Contact mapping had not been success-
ful because of irregular and varying atrial
conduction patterns. Instead, beat-to-beat
analysis of the simultaneous activation in the
entire heart chamber by the noncontact map-
ping system localizing the electrical charge
density on the atrial wall successfully showed
the origin of arrhythmias without annotation.
The electrograms at target sites showed min-
imal amplitudes at maximum gain further il-
lustrating the limitations of contact mapping
by filtering and subtraction for bipolar EGM.
The visualization of activation wavefronts re-
peatedly arising from the same regions by Ac-
QMap® indicated the true focal origin of these
unusual atrial arrhythmias in the absence of
any pulmonary vein activity. Interestingly,
they arose from the same region in the in-
teratrial septum and were associated with in-
teratrial and AV block in otherwise healthy
young patients, which is typical for Lamin
heart disease [3–5]. During follow up of two

FigurFigure 2:e 2: Electrophysiology procedure of patient
A demonstrating arrhythmia from opposite sites
at the right and left atrial septum. AA) Initial ar-
rhythmia. Surface electrocardiogram (ECG) with
flat p waves. The electrogram (EGM) showed
atypical atrial flutter with concentric coronary si-
nus (CS) activation. BB) Arrhythmia slowing to 356
ms during radiofrequency ablation (RFA) in the
right atrium (EGM). CC) Graphical display of ar-
rhythmia of the right atrium originating from the
right atrial septum. The colors display the history
of propagation of the arrhythmia (blue = oldest
activation; red = most recent activation). The tar-
geted RFA site is marked with a white star. DD)
Graphical display of arrhythmia originating in the
left atrial septum in AP view. The origin is marked
with a white star. EE) During RFA at the septal
target in right atrium on AcQMap® above the
right atrium converted to sinus rhythm (SR) while
arrhythmia persisted in the left atrium (see CS
EGM). FF) During RFA at the septal target the left
atrium converted to SR. dist: distal; prox: proxi-
mal.

FigurFigure 3e 3: Electrophysiology procedure of patient
B showing a vertical vein connection and an atrial
arrhythmia from the left atrial septum. AA) and BB)
Two consecutive images during contrast injection
into the left superior pulmonary vein (LSPV) drain-
ing into the superior caval vein (SVC). CC) Mapping
of atrial arrhythmia with AcQMap® showing the
target site at the left atrial septum in AP view
with a white star. DD) Surface electrocardiogram
(ECG) showing the Initial arrhythmia with con-
centric coronary sinus (CS) activation and termi-
nation during radiofrequency ablation at site of
white star. EE) Non-inducibility during atrial pacing
down to atrial effective refractory period of 250
ms.

FigurFigure 4:e 4: Follow up results on implantable car-
dioverter-defibrillator interrogation in both pa-
tients.
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and three years, no major recurrences have
been demonstrated in PM and ICD interro-
gation, which illustrates the successful map-
ping and ablation strategy using this novel
mapping technology.

These two sisters with Lamin A/C mutation
demonstrate two rare morphological features,
which have not been described previously in
this disease: noncompacted left ventricular
myocardium leading to recurrent strokes and
a vertical vein connection from the LSPV to
the SCV. Whether these are other manifes-
tations of the variable mutations of Lamin
disease or just coincidence remains an open
question today. The diagnosis by genetic test-
ing helps to assess prognosis and support the
indication for prophylactic ICD implantation
[5, 6].
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