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Abstract

Background: Left ventricular noncompaction (LVNC) is a rare type of cardiomyopathy, and one of its clinical manifes-
tations is arrhythmia. Cardiovascular magnetic resonance (CMR) is valuable for the diagnosis and prognosis of LVNC.
However, studies are lacking on the use of CMR for LVNC patients with arrhythmia. This study aimed to characterize
and compare CMR features and prognosis in LVNC patients with and without arrhythmia.

Methods: Eighty-four LVNC patients diagnosed by CMR were enrolled retrospectively in this study. Clinical data,
arrhythmia characteristics, and CMR parameters were collected. Patients were divided into different groups according
to the arrhythmia characteristics and CMR manifestations for statistical analysis and comparison. Ventricular tachy-
cardia (VT), ventricular fibrillation (Vf), ventricular flutter (VFL), lll° atrioventricular block (IlI° AVB), Wolff-Parkinson—
White syndrome (WPW) and ventricular escape (VE) were defined as malignant arrhythmias and benign arrhythmias
included premature ventricular contraction, atrial premature beats, atrial fibrillation, supraventricular tachycardia,
supraventricular premature beat, bundle branch block, atrial flutter and sinus tachycardia. The outcome events were
defined as a composition event of cardiac death, rehospitalization for heart failure, heart transplantation, and implan-
tation of an implantable cardioverter defibrillator (ICD).

Results: Sixty-seven LVNC patients (79.76%) mainly presented with arrhythmia, including premature ventricular beat
(33 patients [27.73%)]), bundle branch block (14 patients [11.77%]), electrocardiogram waveform changes (18 patients
[15.13%]), and ventricular tachycardia (11 patients [9.24%]). The cardiac function and structure parameters had no
significant difference among the nonarrhythmia group, benign arrhythmia group, and malignant arrhythmia group.
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LVNC patients.

However, the presence of late gadolinium enhancement (LGE) was higher in the malignant arrhythmia group than in
the other two groups (p=0.023). At a mean follow-up of 46 months, cardiac events occurred in twenty-three patients
(46.94%). Kaplan—Meier analysis showed that there was no statistically significant difference in prognosis among the
nonarrhythmia, benign, and malignant arrhythmia groups, but the patients with arrhythmia and association with

LGE + or left ventricular ejection fraction (LVEF) <30% had a higher risk than patients with LGE- or LVEF >30% (LGE +,
HR=4.035, 95% Cl 1.475-11.035; LVEF <30%, HR=8.131, 95% Cl 1.805-36.636; P<0.05).

Conclusions: In LVNC patients, the types of arrhythmias are numerous and unrepresentative, and arrhythmia is not
the prognostic factor. Arrhythmia combined with presence of LGE or LVEF <30% is associated with poor prognosis in

Keywords: Left ventricular noncompaction, Cardiac magnetic resonance, Arrhythmia, Prognosis

Background
Left ventricular noncompaction (LVNC) is a rare type
of cardiomyopathy that is characterized by the pres-
ence of numerous prominent trabeculations and deep
intertrabecular recesses connected to the left ventricu-
lar cavity. It can exist in isolation or in combination with
other congenital heart diseases [1, 2]. The disease may
be asymptomatic or have clinical manifestations such as
severe heart failure (HF), arrhythmia, systemic thrombo-
embolic events, and sudden cardiac death [3, 4]. Among
these clinical manifestations, arrhythmia is one of the
most common symptoms in LVNC patients, including
ventricular tachycardia (VT), premature ventricular con-
traction (PVC), and others [5]. Furthermore, the progno-
sis of LVNC patients is mainly related to the severity of
the cardiac structure and function changes. The research
by Oechslin and Jenni [6] showed that left ventricular
dilation increased the risk of cardiac death. In addition,
patients with reduced left ventricular ejection fraction
(LVEF) and left ventricular fibrosis are considered to
have a higher incidence of adverse cardiovascular events
in LVNC patients [7]. Other studies considered that the
prognosis of LVNC patients would also be affected by
malignant arrhythmias, which can cause severe hemo-
dynamic disturbance in a short time, thus leading to
syncope and even sudden death [8—11]. However, the
assessments of LVNC in most studies were evaluated by
ultrasound, and comparisons between LVNC patients
with and without arrhythmia have rarely been described.
Recently, cardiac magnetic resonance (CMR) has
become one of the noninvasive examination methods
used for the diagnosis of heart disease, including LVNC.
CMR with late gadolinium enhancement (LGE) is a reli-
able technique for detecting myocardial fibrosis in vivo,
which is related to the prognosis in patients with LVNC
and the occurrence of ventricular arrhythmia [12, 13].
Wu et al. [14] compared the CMR manifestations of
hypertrophic cardiomyopathy patients with and with-
out arrhythmias and found differences in the results
between the two groups. Additionally, for patients with

chronic myocardial infarction, the CMR characteristics
and prognosis of malignant arrhythmia are different from
those of patients without malignant arrhythmia [15].
CMR is showing increasingly more diagnostic poten-
tial in cardiomyopathy, but studies on the assessment of
LVNC patients with or without arrhythmia are restricted
to a few case series. Therefore, this study aims to com-
pare the differences in the CMR manifestations of LVNC
patients with different degrees of arrhythmia, summarize
the characteristics of arrhythmia in patients, and further
explore the risk factors for prognosis in LVNC patients
with arrhythmia.

Materials and methods

Study population and design

Patients who underwent standard gadolinium-enhanced
CMR scans for cardiac assessment in three health cent-
ers between January 2010 and December 2019 were
included in the retrospective cohort. The inclusion crite-
ria include patients who were diagnosed with LVNC by
CMR [16]: (1) The left ventricular myocardium is com-
posed of two layers, namely, the normal compacted but
thin outer myocardium and the significantly thickened
noncompact inner myocardium; (2) There are prominent
myocardial trabeculations in the noncompacted myo-
cardium and deep intertrabecular recesses communicat-
ing with the left ventricle (LV); (3) On the four-chamber
slices of the LV, the end-diastolic noncompact/compact
(NC/C) ratio >2.3. The exclusion criteria were as follows:
(1) presence of other known coexisting cardiac abnor-
malities, including congenital heart disease, coronary
heart disease, valvular heart disease, hypertrophic car-
diomyopathy, dilated cardiomyopathy or other types of
cardiomyopathy, and myocarditis; (2) combination with
diabetes, liver and kidney insufficiency, tumor, infec-
tion, hyperthyroidism, and other diseases that may cause
arrhythmia; (3) absence of electrocardiography (ECG)
results; (4) poor CMR image quality; and (5) incomplete
clinical records. Patients with VT, ventricular fibrillation
(Vf), ventricular flutter (VFL), III° atrioventricular block
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(III° AVB), Wolff-Parkinson—White syndrome (WPW)
and ventricular escape (VE) were thought to have malig-
nant arrhythmia, and others were considered benign
arrhythmias. Patients were divided into three groups,
including the nonarrhythmia group, benign arrhyth-
mia group, and malignant arrhythmia group accord-
ing to arrhythmia status. Participants were divided into
two groups on the basis of decreased ejection fraction,
namely, the LVEF <30% group and LVEF >30% group. A
cross-sectional study was used to compare CMR perfor-
mance and other data of different groups, and the prog-
nosis of some patients was compared by the retrospective
cohort study. This study was approved by the institu-
tional ethics review board of three medical centers, and
informed consent was obtained from every patient with
LVNC.

CMR protocol

All gadolinium-enhanced CMR exams were performed
using a 3.0 T scanner (Skyra; Siemens Medical Solutions,
Erlangen, Germany) with a cardiac phased-array coil.
Retrospective ECG-gated cine images were performed
using the steady-state free-precession (SSFP) sequence to
obtain cine images on the short axis, two-chamber long
axis, three-chamber long axis, and four-chamber long
axis. The parameters were as follows: 241 mm x 300 mm
FOV, 6-8 mm slice thickness, 0 mm slice gap, 44.46 ms
repetition time, 1.5 ms echo time, and 60° flip angle.
Gadobenate dimeglumine (MultiHance 0.5 mmol/mL;
Bracco, Milan, Italy) was injected intravenously with a
flow rate of 2.5-3.0 mL/s and a dose of 0.1-0.2 mL per
kg of body weight. At the same time, a 20-25 mL saline
flush was injected at a 3.0 mL/s flow rate. 10—15 min after
the contrast injection, LGE images were obtained using
the inversion recovery MOCO sequence. The param-
eters were as follows: 340 mm x 360 mm FOV, 8 mm slice
thickness, 684.00 ms repetition time, 1.04 ms echo time,
and 55° flip angle.

CMR image analysis

All CMR images were analyzed using the commercially
available postprocessing software Cvi42 (Circle Car-
diovascular Imaging, Calgary, Canada). Cardiac func-
tion parameters, including LVEF, end-diastolic volume
(EDV), end-systolic volume (ESV), stroke volume (SV),
and myocardial mass were derived from short-axis cine
images. The end-diastolic phase of the four-chamber cine
images was used to measure the length of the long axis of
the LV. In addition, the thicknesses of the noncompacted
and compacted myocardium were measured at the places
where the noncompaction was significant (Fig. 1a). The
number of segments with noncompacted myocardium
was calculated using the AHA 17 segment model. The
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presence and amount of LGE were assessed and quanti-
fied on short-axis images, and LGE was deemed present
if myocardial enhancement was confirmed on short-axis
areas by using a signal intensity threshold of 55D above
the mean signal of the remote normal myocardium
(Fig. 1b—d). The end-diastolic and end-systolic phases
were defined as those with maximum and minimum
visual areas, respectively. The endocardial and epicardial
boundaries of all images were manually delineated by a
radiologist with at least two years of experience who was
blinded to the clinical information. When delineated, the
papillary muscles were excluded from the compacted
myocardium [17].

Follow-up

A clinician with no knowledge of the clinical and CMR
information of the patients contacted some of the
patients or their families by telephone for a standard
questionnaire interview after the initial CMR examina-
tion. The endpoints of the study were major adverse car-
diovascular events (MACEs), including cardiac death,
rehospitalization due to HF, heart transplantation, and
implantation of an implantable cardioverter defibrilla-
tor (ICD). The follow-up duration was determined from
the date of the first CMR evaluation to the occurrence
of the endpoint. If no endpoint occurred, the follow-up
period ended on the date of the telephone questionnaire
interview.

Statistical analysis

Statistical analysis was performed using commercially
available software SPSS 23.0 (Chicago, IL, USA). Nor-
mality was tested using the Kolmogorov—Smirnov test.
Continuous variables were expressed as mean =+ stand-
ard deviation, and intercohort evaluations were assessed
using one-way ANOVA. Categorical variables were pre-
sented as counts and frequencies and were assessed using
the x* test or Fisher’s exact test. The survival curve was
generated by the Kaplan—Meier method and compared
by the log-rank tests. A two-tailed p value <0.05 was con-
sidered statistically significant.

Results

Baseline characteristics

A total of 84 patients participated in this study. 17
patients (20.24%) had no arrhythmia, 48 patients (57.14%)
had benign arrhythmia, and 19 patients (22.62%) had
malignant arrhythmia. 51 participants (60.71%) were
male, and 33 participants (39.29%) were female. The
mean age of patients was 42.87+20.70 years old. 14
patients (16.67%) had a family history of cardiovascu-
lar disease. 24 patients (28.57%) had a history of smok-
ing, and 25 patients (29.76%) had a history of drinking.
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software; d AHA 17 segment model distributions of LGE

Fig. 1 Schematic diagram of partial parameter measurement of CMR. a End-diastolic phase of the 4-chamber cine image, line 1 measured the
thickness of the noncompacted myocardium, line 2 measured the thickness of the compacted myocardium, line 3 (from mitral orifice to apex)
measured the length of the long axis of the left ventricle; b LGE-, the red circle represented the endocardial boundarie, green circle represented the
epicardial boundarie and the blue circle represented the normal myocardium; ¢ LGE +, the yellow blocks represented areas of LGE identified by the

100.00 %||

Enhenced Area (%)
90.7 ma (AHA)

12 patients (14.29%) had hypertension, and 50 patients
(59.52%) presented with the signs and symptoms of con-
gestive HF. Only 5 patients (5.95%) had a thrombus in the
LV cavity. Table 1 shows the clinical and demographic
characteristics of the study population. There was no sig-
nificant difference in clinical and demographic character-
istics among the three groups (p >0.05).

Arrhythmia characteristics

Among the 84 patients with LVNC, 67 patients
(79.76%) had arrhythmias of varying degrees, 35
patients (41.67%) presented primarily with one type
of arrhythmia, and 32 patients (38.09%) had multiple
types of ECG abnormalities. Among LVNC patients
with arrhythmia, ventricular arrhythmia was the most
common. Among all arrhythmias that occurred, PVC
occurred in 33 patients (27.73%), VT occurred in 11
patients (9.24%), and the ECG of 18 patients (15.13%)
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Table 1 Baseline characteristics
Variable All participants (n =84) No arrhythmia (n=17) Benign Malignant P value
arrhythmia arrhythmia
(n=48) (n=19)
Male, n (%) 51(60.71) 10 (58.82) 26 (54.17) 15 (78.95) 0171
Age (years) 42.87+£20.70 47.71£18.76 4423+£1993 3511+£23.13 0.149
BMI? 24.10+£548 2451+£528 2299+2.64 26.79+£9.61 0.199
Family history of cardiovascular 14 (16.67) 4(23.53) 6 (12.50) 4(21.05) 0.480
disease, n (%)
History of smoking, n (%) 24 (28.57) 3(17.65 17 (35.42) 4(21.05) 0.269
History of drinking, n (%) 25 (29.76) 4(23.53 15(31.25) 6 (31.58) 0.820
Hypertension, n (%) 2(14.29) 5(29. 5(1042) 2 (10. 53) 0.197
Syncope, n (%) 6 (19.05) 3(17. 8(16.67) 5 (26 32) 0.694
Heart failure, n (%) 0(59.52) 8(47. 31 (64.58) 1(57.89) 0443
NYHA functional class 0.086
0, n (%) 16 (19.05) 5(2941) 8(16.67) 3(15.79)
I, n (%) 7(833) 0(0) 4(833) 3(15.79)
I, n (%) 22 (26.19) 2(11.76) 18 (37.50) 2(10.53)
I, n (%) 35(41.67) 8 (47.06) 17 (35.42) 10 (52.63)
IV, n (%) 4(4.76) 2(11.76) 1(2.08) 1(5.26)
Thrombo-embolic events, n (%) 5(5.95) 1(5.88) 24.17) 2(10.53) 0.592
Medications
Aldosterone antagonists, n (%) 5 (65.48) 12 (70.59) 32 (66.67) 11 (57.89) 0.701
(-Blockers, n (%) 3(63.10) 7(41.18) 33(68,75) 13(68.42) 0.111
ACEI/ARB, n (%) 32(38.10) 4(23.53) 17 (3542) 11(57.89) 0.089
Loop diuretics, n (%) 2(61.90) 13 (76.47) 31 (64.58) 8(42.11) 0.089
Amiodarone, n (%) 6(7.14) 1(5.88) 3(6.25) 2(10.53) 0.845

Values are mean = SD or n (%)

@ Calculated as weight in kilograms divided by height in meters squared

showed ST-T segment changes or abnormal Q waves.
Table 2 shows the other arrhythmia characteristics.

CMR findings

The detailed CMR characteristics of patients with LVNC
are reported in Table 3. The mean LVEF, EDV, and
ESV were (23.99414.20) %, (248.09+£105.21) mL, and
(189.344+100.62) mL, respectively. The mean number of
noncompacted segments per patient was 5.9441.91, and
the mean NC/C ratio was 3.25+1.18. The mean SV, long-
axis diameter, sphericity index, and myocardial mass of
the LV were (58.75+24.31) mL, (70.40+16.54) mm,
1.46£0.62, and (113.94445.59) g, respectively. In addi-
tion, the number of patients with significantly decreased
LVEF (LVEF<30%) in each group was 9, 38, and 11,
respectively. However, there was no significant differ-
ence in these CMR parameters among the three groups
(p>0.05).

In addition, a total of 24 patients (28.57%) with LVNC
showed LV LGE. Among the patients without arrhyth-
mia, only one patient (5.88%) had LGE. LGE occurred
in 14 patients with benign arrhythmia (29.17%) and in 9

patients with malignant arrhythmia (47.37%). There was
a significant difference in terms of the number of patients
with LGE among the three groups (p=0.023). Patients
with malignant arrhythmia had a significantly higher
incidence of LGE than patients without arrhythmia
(47.37% vs. 5.88%, p <0.05). In addition, there were 0 (17,
0%), 12 (48, 25%), and 7 (19, 36.84%) patients with LGE
positive and LVEF < 30% in the three groups, respectively.

Follow-up

Among the 49 patients who were followed up, 10 patients
had no arrhythmia, 27 patients had benign arrhythmia,
and 12 patients had malignant arrhythmia (Fig. 2). The
period of follow up is 19-73 months and the average
length of follow-up from diagnosis was (46.02 £ 26.60)
months. During the follow-up period, 11 patients
(22.45%) died of cardiac causes, 1 patient (2.04%) under-
went heart transplantation, and 3 patients (6.12%) had
ICD implanted. Another 8 patients (16.33%) were read-
mitted for heart problems. Hence, the total cardiac event
rate was 46.94%. Table 4 shows the contribution of each
group of patients to adverse cardiovascular events.
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Table 2 Arrhythmia characteristics of 84 LVNC patients
Arrhythmia manifestations LVNC
patients
(n=284)
Normal result of ECG, n (%) 17 (20.24)
Single type of arrhythmia, n (%) 35(41.67)
Combined with multiple arrhythmias, n (%) 32(38.09)
Types of arrhythmias Number
of cases
(n=119)
PVC, n (%) 33(27.73)
ECG waveform changes, n (%) 18 (15.13)
CLBBB/CRBBB, n (%) 14 (11.77)
APB, n (%) 11(9.24)
VT, n (%) 11(9.24)
Af, n (%) 9(7.57)
Sinus tachycardia, n (%) 7 (5.88)
AVB, n (%) 5(4.20)
SVT, n (%) 4(3.36)
SVES, n (%) 2(1.68)
VE, n (%) 3(252)
AFL, n (%) 1(0.84)
WPW, n (%) 1(0.84)
Values are n (%)
Table 3 Cardiovascular magnetic resonance characteristics in LVNC patients with and without arrhythmia
Variable All participants (n =84) No arrhythmia (n=17) Benign Malignant P value
arrhythmia arrhythmia
(n=48) (n=19)
LVEF (%) 2399+ 14.20 30.32+13.65 2295+13.71 2096+ 1492 0.105
LVEDV (mL) 248.094105.21 253.41+£83.71 24829410844 242.81+11854 0.956
LVESV (mL) 189.344100.62 182.024+84.18 192.044103.50 189.054+111.08 0.941
SV (mL) 58.75424.31 713942847 56.25+21.14 53.76+25.38 0.05
LV long-axis diameter (mm) 7040+ 16.54 71.70£11.31 71.81£16.71 65.65419.69 0.368
LV Sphericity index* 146+0.62 1.39£051 1.39+£0.64 1.70£0.65 0.162
Myocardial mass (g) 113.94+£45.59 1209842638 11741 +£5291 98.87 £36.57 0114
NC/C ratio 325+1.18 3.02+0.86 334+1.29 321£1.15 0.635
Number of non-compacted segments 5944191 529+1.76 6.06+2.04 6.21+1.69 0.288
LGE, n (%) 24 (28.57) 1(5.88)° 14(29.17)® 9(47.37)° 0.023
LVEF <30%, n (%) 58 (69.05) 9(52.94) 38(79.17) 11(57.89) 0.065

Values are mean = SD or n (%)

# Calculated as: end-diastolic volume/([long-axis diameter? x [1]/6)

2bThe same letter represented no statistically significant difference between groups

In the nonarrhythmia

cohort,
occurred in five patients. The number of adverse events
in the benign and malignant arrhythmias cohorts was

adverse

events

11 and 7, respectively. However, Kaplan—Meier analysis

showed that there was no significant difference in out-
come for adverse cardiovascular events among the
three cohorts (Fig. 3).
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All participants (n=84)

|

l

No arrhythmia (n=17)

Benign arrhythmia (n=48)

Malignant arrhythmia (n=19)

|

J

Dropout (n=35)
Wrong contact information (n=10)

Contact Information Change (n=22)

Patient's personal reasons (n=3) J

Dropout in group
No arrhythmia (n=7)
Benign arrhythmia (n=21)

Malignant arrhythmia (n=7)

Follow-up patients (n=49)

|

No arrhythmia (n=10)

Benign arrhythmia (n=27)

Malignant arrhythmia (n=12)

malignant arrhythmia group

Fig. 2 Patient follow-up flow diagram. Due to incorrect contact information, change of contact information, and patients’ personal wishes, and
others, 49 patients were finally followed up. There were 10 patients in the non-arrhythmia group, 27 in the benign arrhythmia group and 12 in the

Table 4 Incidence of adverse cardiovascular events

Adverse cardiovascular events LVNC patients No arrhythmia Benign arrhythmia Malignant
(n=49) (n=10) (n=27) arrhythmia
(n=12)
Cardiac death 11 (22.45) 1 (10.00) 6(22.22) 4(33.33)
Rehospitalization because of heart failure 8(16.33) 2 (20.00) 4(14.82) 2 (16.67)
Heart transplantation 1(2.04) 1(10.00) 0(0.00) 0(0.00)
Installation of pacemaker 3(6.12) 110.00) 1(3.70) 1(8.33)
Total 23 (46.94) 5 (50.00) 11 (40.74) 7 (58.33)

Values are n (%)

By analyzing the clinical and CMR characteristics of 49
LVNC patients, Kaplan—Meier analysis results showed
that there were significant differences in prognosis among
the three cohorts: LGE— without arrhythmia, LGE— with
arrhythmia, and LGE+ with arrhythmia (p=0.013).
LVNC patients with arrhythmia and LGE +had a worse
prognosis and were more likely to have adverse cardio-
vascular events than LVNC patients with arrhythmia and
LGE- (Fig. 4). LGE is one of the risk factors associated
with the prognosis (p=0.003, HR=4.035, 95% CI 1.475—
11.035). In addition, the decrease degree of LVEF may
also be one of the risk factors for prognosis (p=0.003,
HR=8.131, 95% CI 1.805-36.636). The difference

between the other three groups, namely, the LVEF >30%
without arrhythmia group, LVEF >30% with arrhythmia
group, and LVEF <30% with arrhythmia group, was sta-
tistically significant (p=0.004). Among patients with
arrhythmia, patients with more decreased LVEF had
a worse prognosis (Fig. 5). The Kaplan—Meier survival
analysis for arrhythmia, BMI, smoking history, alcohol
consumption history, family history of cardiovascular
disease, hypertension, HF, sphericity index<1, NC/C
value, and LV EDV had no significant difference.
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non-arrhythmia cohort
benign-arrhythmia cohort
malignant-arrhythmia cohort

0.6

Survival

0.4 e
Log-rank p=0.588

0.2

T T T T T
.00 20.00 40.00 60.00 80.00

Follow-up time (months)
Fig. 3 K-M survival curve among three groups: nonarrhythmia,
benign, and malignant arrhythmia. There was no significant
difference in the incidence of adverse events among the three
groups in LVNC patients without arrhythmia, benign arrhythmia and
malignant arrhythmia

Discussion

In the cohort study of patients with LVNC diagnosed by
CMR, we summarized the types of arrhythmias in LVNC
patients, compared the CMR characteristics in patients
with or without arrhythmia, and explored the association
of prognosis with CMR parameters in LVNC patients
with arrhythmia. We found various types of arrhyth-
mias in LVNC patients and some types of arrhythmias
with no specificity. The CMR findings showed that focal
myocardial fibrosis and LGE had a higher probability of
occurrence in LVNC patients with malignant arrhythmia.
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However, there was no significant difference among
LVNC patients with different types of arrhythmias in
other CMR parameters, such as LVEF. LVNC patients
with arrhythmia who had LGE + or reduced LVEF had a
higher incidence of adverse cardiovascular events and a
worse prognosis.

Arrhythmia is one of the main clinical manifestations
in LVNC patients. According to previous studies, more
than 50% of LVNC patients presented with arrhythmia,
which may be due to the pathological changes of myocar-
dial tissue in LVNC patients. With the increase of myo-
cardial cell noncompaction and trabeculation with deep
intramyocardial invagination, the Purkinje system would
be brought deeper into the myocardium, thus leading to
both delayed depolarization and inhomogeneous repo-
larization [18, 19]. There are many types of arrhythmias
in LVNC patients, including premature ventricular con-
traction, sinus tachycardia, atrioventricular block, bun-
dle branch block, and atrial fibrillation, and ventricular
arrhythmia is the most common. However, the types of
arrhythmias suffered by LVNC patients had no specific-
ity, and one patient could suffer from multiple types of
arrhythmias. This finding is consistent with our results
[20-22]. Some studies suggested that the prognosis of
LVNC patients with arrhythmia is worse [18]. Surpris-
ingly, our results showed that the prognosis of malig-
nant arrhythmias did not deteriorate significantly. This
result may be associated with medication. In this study,
all patients received different degrees of medication, such
as -blockers and amiodarone. Therefore, drug treatment
measures may effectively curb the effects of arrhythmia,
reduce the impact of malignant arrhythmia on the prog-
nosis of patients, and improve the prognosis.

10 ——— —— LGE-withoutarrhythmia
—— LGE-with arrhythmia
—— LGE+ with arrhythmia
0.8
© \—
2
S
D
(2]
0.4
Log-rank p=0.013
0.2

00 2000 4000 6000

Follow-up time (months)

Fig. 4 K-M survival curve incorporating LGE into grouping conditions. Kaplan—Meier analysis among three cohorts: LGE- without arrhythmia vs.

LGE- with arrhythmia vs. LGE 4 with arrhythmia
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The CMR findings indicated that cardiac function, such
as LVEE, was generally decreased in LVNC patients com-
pared with the healthy population, which had also been
confirmed in previous reports of the patient with LVNC.
Meanwhile, in previous reports, LVEF was significantly
decreased with increasing noncompaction severity [23,
24]. In addition, the possibility of adverse LV remodeling
was higher in LVNC patients, as evidenced by higher
LV cardiac sphericity indices. This may be due to the
thinning of the compaction myocardium and leads to
reduced systolic function. Meanwhile, the blood supply
of the heart cannot meet the blood demand of numerous
myocardial trabeculae, thus leading to chronic myocar-
dial ischemia and decreased myocardial systolic function.
Given the presence of prominent myocardial trabeculae
and noncompaction, irregularly distributed muscle bun-
dles may contribute to left ventricular isomerization.
However, our study found that in the cohort of LVNC
patients with different degrees of arrhythmia, differences
in other CMR findings were not statistically significant,
except for the incidence of LGEs. The severity of arrhyth-
mia did not further deteriorate the patient’s LV function.
This may be due to the fact that the changes in cardiac
structure and function were mainly caused by the non-
compaction of the myocardium and were less affected
by arrhythmia. The results suggested that we should also
pay attention to the changes in cardiac function in LVNC
patients without arrhythmia or with benign arrhythmia
in clinical practice.

More importantly, our results demonstrated that the
incidence of LGE was different among the cohort of
LVNC patients with different degrees of arrhythmias
and that LVNC patients with malignant arrhythmias
had a higher probability of myocardial fibrosis. Further-
more, MACEs occurred in 46.94% of patients during

the follow-up. The occurrence of adverse events may be
due to the abnormal myocardial structure that results in
hemodynamic changes that subsequently leads to serious
damage of cardiac functions [5]. At present, CMR has
evolved as an effective tool for prognostic risk assessment
in patients with many different forms of cardiomyopa-
thy [25, 26], and arrhythmia is one of the most common
symptoms in LVNC patients; however, there are still
insufficient studies on clinical and MRI indicators for
evaluating the prognosis of LVNC patients with arrhyth-
mia, thus, we investigated the prognosis. We found
that the presence of LGE was different in the cohort of
patients with different degrees of arrhythmia, and LGE
was one of the prognostic factors of LVNC patients with
arrhythmia. The survival rate of LVNC patients with
arrhythmia and presence of LGE was lower than that of
patients without LGE. Jenni et al. described that coronary
microcirculatory dysfunction may account for myocar-
dial fibrosis in LVNC patients [27]. In addition, electri-
cal inhomogeneity and the micro reentry of malignant
arrhythmia were related to the relatively decreased perfu-
sion and ischemia-related fibrosis in the subendocardial
noncompacted regions [19, 28]. The disturbance of myo-
cardial cells in LVNC patients leads to recurrent arrhyth-
mia [29]. In LVNC patients with arrhythmias, myocardial
fibrosis aggravates the damage to cardiac function, thus
resulting in a more serious decline in cardiac function
and leading to a poor prognosis. Fibrotic scarring was
more likely to occur near the target sites of malignant
ventricular arrhythmia [30]. Therefore, for LVNC patients
with arrhythmia, particularly malignant arrhythmia,
more attention should be paid to the occurrence of myo-
cardial fibrosis [31]. The results emphasized the impor-
tance of the routine evaluation of myocardial fibrosis
in LVNC patients with arrhythmia by using CMR-LGE,
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which can help evaluate myocardial fibrosis qualita-
tively and quantitatively and provide more information
for treatment. In addition, consistent with most studies
[31], the LVEF was generally reduced in LVNC patients.
Some studies have shown that patients with reduced
LVEF have a higher incidence of adverse events [32]. In
LVNC patients with arrhythmia, we also found that a
larger decrease in LVEF (LVEF<30%) correlated with
a higher incidence of adverse events. In the group with
arrhythmia and with LVEF > 30%, the first adverse event
occurred 72 months after the patient was diagnosed with
LVNC by CMR, with no adverse events occurring before
70 months. LVNC patients with arrhythmia with slightly
better cardiac function had better long-term survival
outcomes than those with more reduced LVEF. There-
fore, for LVNC patients with arrhythmia, the changes in
LVEF should be monitored regularly, and correspond-
ing treatment that enhances cardiac function should be
adopted to improve the prognosis. The results of this
study indicated that the combination of imaging indica-
tors with arrhythmia may be more useful for risk stratifi-
cation in LVNC patients.

Limitations

Our study has several limitations. First, the number of
patients in the follow-up cohort was small owing to the
relatively rare patient entity. In subsequent studies, more
follow-up patients need to be recruited to explore the
prognostic value of different indicators in LVNC patients
with arrhythmia and prospective studies are also essen-
tial. Second, LVNC patients with arrhythmia were treated
with different medications at baseline, and this approach
may have resulted in less significant differences in MRI
performance. Third, the types of arrhythmias in LVNC
patients are complex, therefore, the impact of a sin-
gle arrhythmia type on the prognosis of LVNC patients
and the pathophysiological mechanism of arrhythmia
remains to be further studied.

Conclusions

Arrhythmia is one of the most common clinical mani-
festations in LVNC patients, has many types, and has no
specificity. LGE and reduced LVEF are more common in
LVNC patients with malignant arrhythmia, and arrhyth-
mia LVNC patients with LGE + or decreased LVEF have
poor prognosis. The combination of imaging indica-
tors may be more useful for risk stratification in LVNC
patients.

Abbreviations
LVNC: Left ventricular noncompaction; CMR: Cardiovascular magnetic
resonance; ICD: Implantable cardioverter defibrillator; LGE: Late gadolinium

Page 10 of 11

enhancement; LVEF: Left ventricular ejection fraction; HF: Heart failure; VT: Ven-
tricular tachycardia; PVC: Premature ventricular contraction; LV: Left ventricle;
ECG: Electrocardiography; Vf: Ventricular fibrillation; VFL: Ventricular flutter;
II°AVB: III° Atrioventricular block; WPW: Wolff-Parkinson-White syndrome;

VE: Ventricular escape; SSFP: Steady-state free-precession; EDV: End-diastolic
volume; ESV: End-systolic volume; SV: Stroke volume; MACEs: Major adverse
cardiovascular events; CLBBB: Complete left bundle branch block; CRBBB:
Complete right bundle branch block; APB: Atrial premature beats; Af: Atrial
fibrillation; SVT: Supraventricular tachycardia; SVES: Superventricular prema-
ture beat; AFL: Atrial flutter.

Acknowledgements
Not applicable.

Authors’ contributions

All authors made contribution to the protocol of this study and formation
this manuscript. ZQZ: Conceptualization, Methodology, Formal analysis,
Investigation, Data Curation, Writing—Original Draft. WCH: Conceptualization,
Investigation, Writing—Review and Editing. XL: Resources. WB: Investigation,
Data Curation. WH: Investigation, Validation. RLH: Investigation, Validation.
YNW: Resources, Supervision. YKG: Supervision, Project administration. And all
authors read and approved the final manuscript.

Funding

This study was supported by National Natural Science Foundation of China
(81971586, 81771897, 82071874,81901712 and 81771887); Sichuan Sci-

ence and Technology Program (2020YFS0050, 2020YJ0029, 2017TD0005,
21ZDYF1967); Fundamental Research Funds for the Central Universities
(SCU2020D4132); Clinical Research Finding of Chinese Society of Cardiovascu-
lar Disease (CSC) of 2019 (No. HFCSC2019B01) and “1-3-5 project for disciplines
of excellence, West China Hospital, Sichuan University” (ZYGD18019). The fund-
ing bodies played no role in the design of the study and collection, analysis,
and interpretation of data and in writing the manuscript.

Availability of data and materials

The datasets analyzed in the current study are not publicly available due to
lack of consent from study participants to do so but they are available from
the corresponding author on reasonable request for researchers who meet
the criteria for access to confidential data.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Ethics Review Board of Sichuan
University (K2019059), West China Hospital; Sichuan University (756/2019) and
Peking Union Medical College Hospital and was carried out in accordance
with the tenets of the Declaration of Helsinki. The written informed consent
was obtained from all participants before they were included in the study.

Consent for publication
Consent for publication of the MRI images shown in the manuscript had been
obtained from the patient.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Radiology, Key Laboratory of Birth Defects and Related
Diseases of Women and Children of Ministry of Education, West China
Second University Hospital, Sichuan University, 20# Section 3 South Renmin
Road, Chengdu 610041, China. “Research Management Office, West China
Second University Hospital, Sichuan University, Chengdu, China. *Depart-
ment of Radiology, Peking Union Medical College Hospital, Chinese Academy
of Medical Sciences, Dongcheng District, Peking Union Medical College, No. 1
Shuaifuyuan, Beijing 100730, China.

Received: 11 August 2021 Accepted: 12 January 2022
Published online: 02 February 2022



Zhou et al. BMC Cardiovascular Disorders

(2022) 22:25

References

1.

20.

21.

22.

Weiford BC, Subbarao VD, Mulhern KM. Non-compaction of the ventricu-
lar myocardium. Circulation. 2004;109:2965-71.

Bagur RH, Lederlin M, Montaudon M, Latrabe V, Corneloup O, Iriart X, et al.
Images in cardiovascular medicine. Ebstein anomaly associated with left
ventricular noncompaction. Circulation. 2008;118(16):662—4.

Muser D, Nucifora G, Gianfagna E, Pavoni D, Rebellato L, Facchin D, et al.
Clinical spectrum of isolated left ventricular noncompaction: thrombo-
embolic events, malignant left ventricular arrhythmias, and refractory
heart failure. J Am Coll Cardiol. 2014;63(16):39.

Bhatia NL, Tajik AJ, Wilansky S, Steidley DE, Mookadam F. Isolated non-
compaction of the left ventricular myocardium in adults: a systematic
overview. J Cardiac Fail. 2011;17(9):771-8.

Brescia ST, Rossano JW, Pignatelli R, Jefferies JL, Price JF, Decker JA, et al.
Mortality and sudden death in pediatric left ventricular noncompaction
in a tertiary referral center. Circulation. 2013;127(22):2202-8.

Oechslin E, Jenni R. Left ventricular non-compaction revisited: a distinct
phenotype with genetic heterogeneity? Eur Heart J. 2011;32(12):1446-56.
Mavrogeni S, Sfendouraki E, Theodorakis G, Kolovou G. Diagnosis, severity
grading and prognosis of left ventricular non-compaction using cardio-
vascular magnetic resonance. Int J Cardiol. 2012;167(2):598-9.

Zipes DP, Camm AJ, Borggrefe M, Buxton AE, Chaitman B, Fromer M, et al.
ACC/AHA/ESC 2006 guidelines for management of patients with ven-
tricular arrhythmias and the prevention of sudden cardiac death: a report
of the American College of Cardiology. Circulation. 2006;114(10):385-484.
Stanton C, Bruce C, Connolly H, Brady P, Syed |, Hodge D, et al. Isolated left
ventricular noncompaction syndrome. Am J Cardiol. 2009;104(8):1135-8.
Turagam MK, Musikantow D, Goldman ME, Bassily-Marcus A, Chu E,
Shivamurthy P, et al. Malignant arrhythmias in patients with COVID-19:
incidence, mechanisms, and outcomes. Circ Arrhythm Electrophysiol.
2020. https://doi.org/10.1161/CIRCEP.120.008920.

. He CH, Zhang YM, Shao B. Correlation analysis of early stage myocardial

infarction hypokalemia and malignant arrhythmia. Chin J Med Guide.
2013;15(7):1119-20.

Acosta J, Ferndndez-Armenta J, Borras R, Anguera |, Bisbal F, Marti-Almor
J, et al. Scar characterization to predict life-threatening arrhythmic

events and sudden cardiac death in patients with cardiac resynchro-
nization therapy: the GAUDI-CRT study. JACC Cardiovasc Imaging.
2018;11(4):561-72.

Jassal DS, Nomura CH, Neilan TG, Holmvang G, Fatima U, Januzzi J, et al.
Delayed enhancement cardiac MR imaging in noncompaction of left
ventricular myocardium. J Cardiovasc Magn Reson. 2006;8(3):489-91.

Wu BL, Lu MJ, Zhang Y, Song B, Ling J, Huang JH, et al. CMR assessment of
the left ventricle apical morphology in subjects with unexplainable giant
T-wave inversion and without apical wall thickness > 15 mm. Eur Heart J
Cardiovasc Imaging. 2017;18(2):186-94.

Gibbs T, Villa A, Sammut E, Jeyabraba S, Carr-White G, Ismail TF, et al.
Quantitative assessment of myocardial scar heterogeneity using car-
diovascular magnetic resonance texture analysis to risk stratify patients
post-myocardial infarction. Clin Radiol. 2018;73(12):1059.e17-1059.e26.
Petersen SE, Selvanayagam JB, Wiesmann F, Robson MD, Francis JM,
Anderson RH, et al. Left ventricular non-compaction: insights from cardio-
vascular magnetic resonance imaging. J Am Coll Cardiol. 2005;46:101-5.
Stacey RB, Andersen MM, St Clair M, Hundley WG, Thohan V. Comparison
of systolic and diastolic criteria for isolated LV noncompaction in CMR.
JACC Cardiovasc Imaging. 2013;6(9):931-40.

Ichida F, Hamamichi 'Y, Miyawaki T, Ono Y, Kamiya T, Akagi T, et al. Clinical
features of isolated noncompaction of the ventricular myocardium: long-
term clinical course, hemodynamic properties, and genetic background.
J Am Coll Cardiol. 1999;34(1):233-40.

Miyake CY, Kim JJ. Arrhythmias in left ventricular noncompaction. Cardiac
Electrophysiol Clin. 2015;7(2):319-30.

Stollberger C, Finsterer J. Arrhythmias and left ventricular hypertrabecula-
tion/noncompaction. Curr Pharm Des. 2010;16(26):2880-94.

Yildiz A, Ozeke O, Akyol S, Demirbag R, Yilmaz R, Gur M. Biventricular
myocardial noncompaction presenting with complete atrioventricular
block. Int J Cardiol. 2009;132(1):34-6.

Steffel J, Kobza R, Oechslin E, Jenni R, Duru F. Electrocardiographic
characteristics at initial diagnosis in patients with isolated left ventricular
noncompaction. Am J Cardiol. 2009;104(7):984-9.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 11 of 11

Cheng HB, Lu MJ, Hou CH, Chen XH, Li L, Wang J, et al. Comparison

of cardiovascular magnetic resonance characteristics and clinical
consequences in children and adolescents with isolated left ventricular
non-compaction with and without late gadolinium enhancement. J
Cardiovasc Magn Reson. 2015;17:44-50.

Belanger AR, Miller MA, Donthireddi UR, Najovits AJ, Goldman ME. New
classification scheme of left ventricular noncompaction and correlation
with ventricular performance. Am J Cardiol. 2008;102(1):92-6.

Halliday BP, Gulati A, Ali A, Guha K, Newsome S, Arzanauskaite M, et al.
Association between midwall late gadolinium enhancement and
sudden cardiac death in patients with dilated cardiomyopathy and

mild and moderate left ventricular systolic dysfunction. Circulation.
2017;135:2106-15.

Neilan TG, Coelho-Filho OR, Danik SB, Shah RV, Dodson JA, Verdini DJ,

et al. CMR quantification of myocardial scar provides additive prognostic
information in nonischemic cardiomyopathy. JACC Cardiovasc Imaging.
2013,6:944-54.

Jenni R, Wyss CA, Oechslin EN, Kaufmann PA. Isolated ventricular non-
compaction is associated with coronary microcirculatory dysfunction. J
Am Coll Cardiol. 2002;39(3):450-4.

Derval N, Jais P, O'Neill MD, Haissaguerre M. Apparent idiopathic ventricu-
lar tachycardia associated with isolated ventricular noncompaction. Heart
Rhythm. 2009,6(3):385-8.

Liuba I, Frankel DS, Riley MP, Hutchinson MD, Lin D, Garcia FC, et al. Scar
progression in patients with nonischemic cardiomyopathy and ventricu-
lar arrhythmias. Heart Rhythm. 2014;11(5):755-62.

Gunda S, Ghannam M, Liang JJ, Attili A, Dabbagh GS, Cochet H, et al.
The value of cardiac magnetic resonance imaging and programmed
ventricular stimulation in patients with ventricular noncompaction and
ventricular arrhythmias. J Cardiovasc Electrophysiol. 2021;32:745-54.
Wan J, Zhao S, Cheng H, Lu M, Jiang S, Yin G, et al. Varied distributions

of late gadolinium enhancement found among patients meeting
cardiovascular magnetic resonance criteria for isolated left ventricular
non-compaction. J Cardiovasc Magn Reson. 2013;15(1):20-5.

Andreini D, Pontone G, Bogaert J, Roghi A, Barison A, Schwitter J, et al.
Long-term prognostic value of cardiac magnetic resonance in left ventri-
cle noncompaction: a prospective multicenter study. J Am Coll Cardiol.
2017,68(20):2166-81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1161/CIRCEP.120.008920

	Comparison of cardiovascular magnetic resonance characteristics and clinical prognosis in left ventricular noncompaction patients with and without arrhythmia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Study population and design
	CMR protocol
	CMR image analysis
	Follow-up
	Statistical analysis

	Results
	Baseline characteristics
	Arrhythmia characteristics
	CMR findings
	Follow-up

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


