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hen patients initially present with atrial

fibrillation along with an enlarged heart

and heart failure, followed by atrioven-
tricular block, it's essential to consider genetic factors.""
Genetic testing can offer crucial diagnostic evidence, aid-
ing in prognosis assessment and the adoption of appro-
priate treatment strategies.

A 61-year-old male patient was admitted to our hos-
pital on December 18, 2023, complaining of “sudden
palpitations over the past 12 years, worsened by chest
tightness for the last 9 days”. In 2011, he sought treat-
ment at our hospital for sudden palpitations accompan-
ied by left limb weakness, and was diagnosed with “at-
rial flutter” during an outpatient visit. He was also dia-
gnosed with “cerebral infarction” and was prescribed
oral warfarin for anticoagulation and antiarrhythmic
drugs to control fast ventricular rate. By August 2020, his
cardiac symptoms had worsened, with fatigue and de-
creased endurance during physical activity. He experi-
enced shortness of breath after walking just 600 meters.
An electrocardiogram (ECG) performed at our hospital
revealed atrial fibrillation, complete atrioventricular
block, and an escape rhythm with a widened QRS com-
plex (Figure 1). Transthoracic echocardiography (TTE)
showed overall enlargement of the heart, widening of
the pulmonary artery, severely reduced left ventricular
function with an estimated ejection fraction of 30%,
moderate to severe leakage of the tricuspid valve, mild to
moderate leakage of the pulmonary valve, and moder-
ately elevated pressure in the pulmonary artery. On Au-
gust 19, 2019, he underwent permanent implantation of
an dual chamber implantable cardioverter defibrillator
(ICD) (Medtronic DDBC3D4). An ventricular electrode
was placed in the region of the left bundle branch, with
significant fibrosis observed during implantation, and a
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defibrillator electrode was placed in the apex of the right
ventricle.

Postoperative ECG showed a QRS duration of 168 ms,
which was 10 ms shorter than before the procedure (Fig-
ure 1). The patient had a history of hypertension, chronic
hepatitis B infection, and previous cerebral infarction.
Following the procedure, he adhered to his prescribed
medications and remained free from palpitations and
chest tightness for about a year and a half. In March 2022,
the patient experienced an episode of ventricular tachy-
cardia, which was resolved with two sequential at-
tempts of anti-tachycardia pacing (ATP) followed by a
shock treatment. He subsequently experienced intermit-
tent palpitations and discharges from the ICD, prompt-
ing hospitalization to adjust his medication regimen and
reprogram the ICD parameters. In May 2022, due to the
discovery of ventricular tachycardia due to ICD, ami-
odarone was added to the patient. On November 9, 2023,
at 8:00 PM, he developed chest tightness and received a
discharge from the ICD, leading to his admission for fur-
ther evaluation and management. Due to a significant
prolongation of the QT interval and suspicion of tor-
sades de pointes (TdP), amiodarone was immediately
discontinued. On December 12, 2023, at 8: 00 PM, he ex-
perienced three consecutive ICD discharges, with inter-
vals of 3-5 min. His self-reported heart rate during this
episode was 200 beats per minute. Ventricular tachycar-
dia at a frequency of 120-140 beats per minute was sub-
sequently observed on daily ECG monitoring. Another
episode of tachycardia occurred on December 18, 2023, at
8:00 PM, with the ECG indicating ventricular tachycar-
dia at a heart rate of 120-140 beats/min. Upon admission,
the ECG showed atrial fibrillation, a ventricular pacing
rhythm with a QRS duration of 210 ms, and ventricular
premature beats (Figure 1). No significant changes were
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Figure 1  Electrocardiogram before and after ICD implanta-
tion. (A): Pre-ICD implantation ECG showing atrial fibrillation
with third-degree atrioventricular block. The ventricular rhythm
exhibits right bundle branch block characteristics, with a QRS
duration of 178 ms. (B): Post-ICD implantation ECG, with the at-
rial lead placed in the inflow tract of the interventricular septum.
The paced QRS duration is 168 ms, reflecting a 10 ms reduction
compared to the preoperative measurement. (C): ECG during a
ventricular tachycardia episode, showing a ventricular rate of
157 beats/min.

noted on cardiac ultrasound. Genetic testing revealed a
variation in the LMNA gene (Figure 2). The patient's
family history revealed that his elder sister exhibited
similar clinical manifestations and underwent perman-
ent pacemaker implantation due to heart enlargement
and complete atrioventricular block. The primary ad-
mission diagnoses included arrhythmias (atrial fibrilla-
tion, complete atrioventricular block, ventricular tachy-
cardia), sympathetic electrical storm following ICD im-
plantation, dilated cardiomyopathy with Grade III cardi-
ac function (NYHA scale), unstable angina due to coron-
ary heart disease, very high-risk hypertension, and a his-
tory of previous cerebral infarction. The patient received
intensive treatment for heart failure, continued anti-
platelet therapy, anticoagulation, statin therapy, and oth-
er treatments for coronary heart disease, as well as anti-
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LMNA chrl: 156106717 ¢.1386_1390del heterozygosis

Figure 2 Gene second-generation sequencing report. A dele-
tion in the LMNA gene, located at position ¢.1386_1390, is indic-
ated by the red arrow in the figure.

symptomatic excitability management including anti-
anxiety, sedation, and Antagonistic sympathetic drugs.
During follow-up, the patient continued to experience
intermittent palpitations but did not require further ICD
shock therapy.

The patient was diagnosed with atrial flutter, atrial
fibrillation, and stroke despite having a low stroke risk
score, indicating significant left atrial fibrosis. Unfortu-
nately, there was no reliable evaluation method avail-
able at that time. Subsequent implantation of an incom-
patible MRI ICD failed to provide improvement in car-
diac magnetic examination. However, based on the ob-
served difficulty in multiple insertions of the 3830 elec-
trode and poor electrode parameters during ICD im-
plantation,'"! it can be inferred that there is evident
ventricular fibrosis. As the disease progressed, the entire
heart gradually enlarged, left ventricular ejection frac-
tion decreased, and the patient developed third-degree
atrioventricular block. Considering the similar situation
in the patient's sister, a possibility of gene mutation was
considered. Genetic testing was conducted to identify
mutations in the LMNA gene.”!

Meanwhile, besides LMNA cardiomyopathy, the as-
sociation of atrioventricular block and ventricular ar-
rhythmias should raise suspicion of myocarditis or car-
diac amyloidosis. Myocarditis can present as trioven-
tricular block and ventricular arrhythmias, but its course
is usually acute or subacute, with elevated troponin, dif-
fuse or subepicardial patterns of delayed gadolinium en-
hancement (LGE) in cardiac magnetic resonance (CMR),
and precursors to viral infection. In this patient, there
were no elevated markers of acute inflammation, other
tests did not show signs of active myocarditis. Cardiac
amyloidosis, especially transthyroxin protein amyl-
oidosis (ATTR-CM), which can manifest as atrioven-
tricular block, ventricular arrhythmias and heart failure.”
However, typical signs such as left ventricular wall
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thickening with low-voltage ECG, and longitudinal
strain “apical retention” pattern were not observed in
this patient. In addition, the ventricular arrhythmias of
amyloidosis was more associated with atrial enlarge-
ment or microcirculation ischemia than with deep septal
fibrosis."! Studies indicate that among genetic causes of
DCM, LMNA mutations are the second most common
and follow an autosomal dominant inheritance pattern.”
LMNA mutations account for 33% of cases in patients
with both DCM and conduction disorders, with approx-
imately 85% of affected individuals exhibiting cardiac in-
volvement.” The penetrance of LMNA-associated DCM
is high, with nearly all patients over 60 years old devel-
oping cardiac manifestations.”! Myocardial dysfunction
and arrhythmias resulting from LMNA mutations are
collectively termed LMNA cardiomyopathy. Its primary
manifestations include DCM and conduction abnormal-
ities, which may present independently or in combina-
tion. LMNA cardiomyopathy can appear as isolated
ventricular dilation, arrhythmogenic cardiomyopathy,
reduced systolic function without ventricular dilation, or
classic DCM."! Compared to other forms of non-ische-
mic DCM, LMNA cardiomyopathy progresses more
rapidly, often without significant ventricular chamber
enlargement or wall thinning, and is associated with a
higher incidence of malignant arrhythmias and the need
for heart transplantation. In this patient, cardiac dys-
function progressed slowly, whereas arrhythmias
worsened rapidly, with evident bundle branch block and
recurrent ventricular tachyarrhythmic storms. Left
bundle branch pacing initially improved QRS duration
following ICD implantation, but over time, QRS dura-
tion widened, and QT interval prolongation ensued with
bundle branch involvement. Although ICD upgrade to
CRT-D was considered,” the patient exhibited a QRS
duration of 210 ms with bundle branch block, and given
the potential for non-response, optimization of pharma-
cological therapy was prioritized.

The patient presented with permanent atrial fibrilla-
tion, heart failure, and intermittent episodes of ventricu-
lar tachycardia, meeting the indications for ICD im-
plantation. Given the patient’s high pacing needs, the
defibrillation electrode was placed at the right ventricu-
lar apex to optimize defibrillation efficiency. However,
pacing at this site could potentially disrupt cardiac syn-
chronization, so a two-chamber pacemaker was chosen.
The other ventricular electrode was positioned in the left
bundle branch region to improve synchronization of

http:/ /www .jgc301.com; jgc@jgc301.com

ventricular pacing. It is crucial to deactivate the auto-
matic mode switch when setting the tachycardia detec-
tion function, as this prevents the misinterpretation of
ventricular tachycardia as delayed supraventricular ta-
chycardia, which could result in unnecessary discharges
from both atrial and ventricular interfaces. The patient
experienced pre-syncope symptoms without discharge,
and the ICD mistakenly identified supraventricular ta-
chycardia, leading to delayed discharge. Additionally,
most slow ventricular tachycardia episodes occurred at a
rate of 120-140 beats/min, and ATP treatment occasion-
ally accelerated the ventricular tachycardia, triggering
ICD shocks. The management of slow ventricular tachy-
cardia focused on sedation, reducing sympathetic activ-
ity, and using antiarrhythmic medications. However,
due to significant QT interval prolongation, amiodarone
use was restricted. Propranolol, which blocks sympath-
etic excitability both peripherally and centrally, provided
more effective antiarrhythmic therapy. In cases where
slight anxiety or fatigue triggers slow ventricular tachy-
cardia,!"”’ sympathetic ganglion block could be con-
sidered as an optional therapy to reduce sympathetic
activity and decrease the frequency of electrical storms.!""
For radiofrequency ablation of ventricular tachycardia,
the patient’s polymorphic episodes and potential ex-
tensive myocardial fibrosis with multiple reentry circuits
suggest that complete elimination of ventricular tachy-
cardia may not be achievable.

Several promising drugs are currently under devel-
opment, including MEK1/2 inhibitors (PD98059 and
smeitinib),"” INK inhibitors (SP600125 and Calbiochem),
small molecule inhibitors (ARRY-371797), AKT/mTOR
pathway regulator (Sirolimus), calcium sensitizer SCH-
00013, and a derivative of diazone. These drugs show
potential for mitigating the effects of LMNA gene muta-
tions related to Lamin-altered gene therapy."*"!! Progress
has also been made in antisense oligonucleotide ther-
apies targeting exon 11, which may be effective for
LMNA cardiomyopathy caused by exon 11 missense
mutations."” Gene editing therapy using adenovirus de-
livery has successfully corrected LMNA gene mutations
in multiple organ cells in mice, leading to rejuvenated
phenotypes and extended lifespans.""! Previous studies
have shown that heart transplantation not only im-
proves cardiac function but also reduces the occurrence
of malignant arrhythmias. Therefore, heart transplanta-
tion remains a viable option for eligible patients.

LMNA cardiomyopathy progresses rapidly, often
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presenting as DCM with heart failure and arrhythmias
such as atrial fibrillation and atrioventricular block. Early
optimization of heart failure treatment and ICD im-
plantation can reduce the risk of sudden cardiac death. In
cases of recurrent electrical storms, the association of at-
rial arrhythmias, complete heart block, and heart failure
with family history of conduction system disease should
raise a suspicion of LMNA cardiomyopathy, indicating
genetic testing. Ultimately, heart transplantation may be
necessary for some patients.
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