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ABSTRACT
Objective Left ventricular non- compaction (LVNC) is 
morphologically characterised by excessive trabeculations 
and deep recesses in the ventricular wall. The risk of 
thromboembolic disease in the paediatric patients with 
LVNC has not been clearly established. We conducted 
this systematic review to evaluate the prevalence and 
incidence of thromboembolism (TE) in paediatric and adult 
patients with LVNC and searched for risk factors for TE to 
explore management strategies.
Methods The primary outcome was the prevalence 
and incidence of TE in the patients with LVNC. The 
secondary outcome was the TE and mortality and heart 
transplantation rates between paediatric and adult patients 
with LVNC. We searched for studies published in MEDLINE, 
Embase and Cochrane Central Register of Controlled Trials 
between January 1950 and December 2020. A systematic 
search of keywords related to LVNC, anticoagulants/
antiplatelets and TE was conducted. Studies that did not 
present original research, non- human studies, duplicated 
studies were excluded.
Results Fifty- seven studies met the inclusion criteria. 
A total of 726 paediatric and 3862 adult patients were 
included. The mean prevalence rates of TE in the 
paediatric and adult patients with LVNC were 2.6% 
and 6.2% (I2=0%; p<0.450 and I2=73.7%; p<0.001), 
respectively. The mean annual incidences of TE in 
paediatric and adult patients with LVNC were 1.4% and 
2.9% (I2=99.4%; p<0.001 and I2=99.5%; p<0.001), 
respectively. Multivariate logistic regression analysis 
showed that TE was associated with left ventricular 
ejection fraction in <40% of paediatric patients (OR, 9.47; 
95% CI, 1.35 to 188.23; p=0.0225).
Conclusions The prevalence and incidence rates in 
paediatric patients were lower than those in adult patients. 
TE was associated with a reduced systolic function in 
paediatric patients with LVNC.

INTRODUCTION
Left ventricular non- compaction (LVNC) is 
a type of cardiomyopathy that is morphologi-
cally characterised by excessive trabeculations 
and deep recesses in the ventricular wall.1 
Its two- layered structure comprises a thick 

non- compacted layer on the endocardial side 
and a thin compacted layer on the epicar-
dial side.1 The incidence of LVNC was esti-
mated to be 0.0001%–0.0008% in children.2 
In adults who underwent echocardiography, 
the prevalence of LVNC was reported to be 
0.05%–0.14%.3 4 The clinical manifestations 
of LVNC vary widely from neonates to adults, 
which range from asymptomatic cases to end- 
stage heart failure (HF), potentially necessi-
tating mechanical circulatory support and/
or cardiac transplantation.5–7 The annual 
all- cause mortality rate from LVNC is 2.16%.8 
Long- term outcomes of patients with LVNC 
are influenced by the degree of HF and pres-
ence of life- threatening arrhythmias and 
thromboembolism (TE).7 9 10 Several studies 
have reported that children with cardiomy-
opathy have an increased risk of potentially 
fatal thrombosis.11–13 Extensive trabeculations 
with multiple recesses are a distinct feature of 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Long- term outcomes of patients with left ventric-
ular non- compaction (LVNC) are influenced by the 
degree of heart failure and the presence of life- 
threatening arrhythmias and thromboembolism. 
Several studies have reported that children with 
cardiomyopathy have an increased risk of potential-
ly fatal thrombosis.

WHAT THIS STUDY ADDS
 ⇒ This is the first systematic review of thromboembol-
ic events in LVNC. In this study, 2.6% of paediatric 
patients with LVNC experienced thromboembolic 
events, which were associated with reduced left 
ventricular systolic function.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

 ⇒ Anticoagulants or antiplatelets may be considered 
an option in those with depressed left ventricular 
systolic function in paediatric patients with LVNC.
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LVNC and are an ideal environment for thrombi forma-
tion. It is believed that the increased risk of TE is attrib-
utable to the sluggish blood flow in the deep intertrabec-
ular recesses in patients with LVNC. Nonetheless, no solid 
evidence supports this hypothesis. Moreover, the risk or 
occurrence of TE in paediatric patients with LVNC has 
not been discussed in detail. The treatment strategy for 
patients with LVNC is similar to those for other cardiomy-
opathies, but the prevention of TE remains controversial.

In this study, we conducted a systematic review to deter-
mine the prevalence and incidence of TE in patients with 
LVNC, especially in paediatric patients, and searched 
for risk factors for TE to explore possible management 
strategies.

METHODS
This study was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta- analyses 
guidelines (online supplemental table 1).14

Patient and public involvement
This study does not involve direct patient participation; 
thus, this is not applicable to our study.

Eligibility criteria
A systematic search of keywords related to LVNC, anti-
coagulants/antiplatelets and TE was conducted (online 
supplemental table 2). TE includes pulmonary embo-
lism, systemic embolism and stroke. Echocardiographic 
or cardiovascular magnetic resonance criteria were used 
to diagnosed LVNC according to the Chin, Grothoff, 
Jacquier, Jenni, Paterick, Petersen and Stöllberger 
criteria.1 15–20 The exclusion criteria were as follows: 
studies that did not involve LVNC; articles that did not 
present original research (conference abstracts, case 
series, editorials or commentaries); non- human studies 
(animal studies or in vitro experiments); duplicated 
studies; and other studies that the investigators consid-
ered irrelevant to the objective and studies investigated.

Information sources
We searched the MEDLINE, Embase and Cochrane 
Central Register of Controlled Trials on the Ovid platform 
for articles published from January 1946 for MEDLINE 
and January 1947 for the other databases to December 
2020 with no language restrictions. The last search was 
performed on 3 February 2021. Experienced librarians at 
the National Center for Child Health and Development, 
who were also affiliated with Cochrane Japan (Tokyo, 
Japan), performed searches with the terms detailed in 
online supplemental table 2).

Study selection
Two investigators independently reviewed the articles. As 
an initial screening, the titles and abstracts of all articles 
were screened, and articles that met the exclusion criteria 
were excluded. As a secondary screening, all articles were 
reviewed and identified for eligibility. When discrepancies 

in decisions between the two investigators occurred, a 
third investigator hosted a face- to- face meeting to deter-
mine the eligibility.

Data extraction
The following variables were extracted from each study: 
number of patients, sex, mean age, follow- up period, 
diagnostic criteria, imaging modality for diagnosis, LV 
function, prevalence of TE, atrial fibrillation (AF) and 
ventricular tachycardia (VT), incidence of TE, anticoagu-
lant and antiplatelet.

Outcomes
The primary outcome was the prevalence and incidence 
of TE in the patients with LVNC. Overall, 38 studies were 
reported in the data on the primary endpoint of preva-
lence of TE and 35 studies were reported in the data on 
the primary endpoint of incidence of TE. The secondary 
outcome was the TE and mortality between paediatric 
and adult patients with LVNC and the risk factors asso-
ciated with TE. Paediatric patients were defined as those 
under 19 years old, whereas adult patients were those 19 
years old or older.

Assessment of the risk of bias in the included studies
The following key domains were assessed according to 
the Cochrane Handbook V.5.1.021 : random sequence 
generation (selection bias), allocation sequence conceal-
ment (selection bias), blinding of participants and 
personnel (performance bias), blinding of outcome 
assessment (detection bias), incomplete outcome data 
(attrition bias), selective outcome reporting (reporting 
bias) and other biases. Two investigators (KH and SO) 
independently assessed the risk of bias of the included 
studies (online supplemental table 3). Disagreements 
were resolved by consensus.21 To reduce exclusion bias 
and minimise missing data, the authors of the eligible 
studies were contacted to resolve uncertainties and 
provide further data.

Data analysis
The interstudy variance was used to adjust for the heter-
ogeneity in prevalence between studies. Heterogeneity 
was investigated using the I2 statistic (<40%=likely low 
heterogeneity; 40%–60%=possible moderate heteroge-
neity; >60%=possible substantial or considerable hetero-
geneity), which represents the proportion of total varia-
bility in the prevalence data attributable to the heteroge-
neity between the studies. Moreover, the χ2 test (limit=df 
of freedom) was performed, and p values (10% signifi-
cance threshold) were assessed. Forest plots were also 
constructed.

The study was conducted in both children and adults. 
All results are summarised as mean difference for contin-
uous variables or risk ratio and 95% CI for dichotomous 
variables. A meta- analysis was performed that assessed 
the effect on the primary endpoint and were discussed 
by three or more studies. Before performing meta- 
analysis, extracted data were transformed from SE of the 
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mean or CI to SD. Random effects models were used to 
combine the outcomes from multiple studies. The poten-
tial for publication bias was assessed by examining the 
asymmetry of the funnel plots. Meta regression analysis 
was performed using linear mixed effects model. Meta- 
regression analysis and subgroup analysis of parameters 
such as left ventricular ejection fraction (LVEF), dura-
tion of follow- up and AF for TE events and mortalities 
were performed to explore the possible causes of hetero-
geneity. A prespecified sensitivity meta- analysis was 
performed for therapies that assessed the effect on the 
primary endpoint and were discussed by three or more 
studies. Sensitivity analysis for the primary endpoint 
excluding studies with antithrombotic treatment in more 
than 30% of patient’s population was performed to assess 
the robustness of the synthesised results. A pooled anal-
ysis was performed to analyse the factors associated with 
TE in the paediatric patients.

Continuous variables, ordinal descriptive variables 
and categorical variables were expressed as means±SD, 
medians (ranges), and numbers and percentages, 
respectively. Continuous variables were compared using 
the unpaired t-test, non- parametric Mann- Whitney U 
test or one- way analysis of variance, whereas categorical 
variables were compared using the χ2 statistics or Fish-
er’s exact test, as appropriate. Univariate regression 
tests were performed on all variables, and a multivariate 
logistic regression was performed on statistically signifi-
cant variables (p<0.05). The variables for inclusion were 
carefully selected, given the number of events, to ensure 
parsimony of the final models. Statistical analyses were 
performed using the software Review Manager V.5.0 
(RevMan, Copenhagen: The Nordic Cochrane Centre, 
The Cochrane Collaboration, 2008) and the JMP soft-
ware (V.13; SAS Institute, Cary, North Carolina, USA). P 
value of <0.05 was considered statistically significant.

RESULTS
Study selection and patient population
A total of 1084 articles were found from the three data-
bases; 949 were excluded because of ineligibility on 
screening the titles and abstracts (figure 1). Two inves-
tigators independently evaluated the entire contents of 
the remaining 137 articles, and 57 were deemed eligible 
for our study. The quality of assessment of each study is 
presented in the risk- of- bias summary (online supple-
mental table 3).

Online supplemental table 4 shows the summaries 
of the studies. A total of 726 paediatric and 3862 adult 
patients were included. The mean ages of the paediatric 
and adult patients were 6.1 years (range, 0.5–18.5) and 
44.0 years (range, 32.7–57.2), respectively. The mean 
follow- up durations of the paediatric and adult patients 
were 4.3 years (range, 2.6–6.1) and 4.0 years (range, 
3.4–4.7), respectively. The mean proportions of men in 
the paediatric and adult patients with LVNC were 55.1% 

(95% CI, 51.6% to 58.8%) and 40.9% (95% CI, 35.6% to 
46.1%), respectively.

The mean prevalence of AF in the paediatric and adult 
patients with LVNC was 2.6% (95% CI, −0.8% to 5.9%) 
and 12.9% (95% CI, 10.0% to 15.8%), respectively (online 
supplemental figure 1). The mean prevalence of VT in 
the paediatric and adult patients with LVNC were 8.8% 
(95% CI, 2.3% to %15.3%) and 16.0% (95% CI, 12.4% 
to 19.6%), respectively (online supplemental figure 1). 
The mean LVEF in the paediatric and adult patients 
with LVNC were 52.4% (95% CI, 47.5% to 57.4%) and 
40.9% (95% CI, 35.6% to 46.1%), respectively (online 
supplemental figure 1). There were substantial statistical 
heterogeneities among the studies in each parameter.

Comparison of TE events between pediatric and adult patients
The mean prevalence of TE in the patients with LVNC 
was 6.2% (95% CI, 4.7% to 7.6%) (figure 2). There 
was substantial statistical heterogeneity among studies 
(I2=73.7%; p<0.0001). The mean prevalence of TE in the 
paediatric and adult patients with LVNC was 2.6% (95% 
CI, 1.0% to 4.1%) and 6.2% (95% CI, 4.7% to 7.6%), 
respectively (figure 2). The proportion of stroke in Hx of 
TE was 30.0%, 2.2% in children and 31.7% in adults. The 
proportion of stroke in TE incidents was 35.9%, 4.7% in 
children and 44.6% in adults. There was a low hetero-
geneity and substantial statistical heterogeneity among 
studies (I2=0%; p<0.450 and I2=73.7%; p<0.001), respec-
tively.

The mean incidence of TE in all patients with LVNC 
was 2.7% (95% CI, 2.3% to 3.0%) (figure 3), and there 
was substantial statistical heterogeneity among the 
studies (I2=99.6%; p<0.0001). The mean incidences of 
TE in the paediatric and adult patients with LVNC were 
1.4% (95% CI, 0.9% to 2.0%) and 2.9% (95% CI, 2.4% 
to 3.4%), respectively (figure 3), and there was substan-
tial statistical heterogeneity among the studies (I2=99.4%; 
p<0.001 and I2=99.5%; p<0.001), respectively. The results 

Figure 1 Flow diagram of the study selection. LVNC, left 
ventricular non- compaction.
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of the funnel publication bias plot for the prevalence and 
incidence of TE showed asymmetry that suggested publi-
cation bias existed (online supplemental figure 2).

Meta regression revealed that follow- up period and 
LVEF were associated with the prevalence of TE, whereas 

there were no associations between the incidence of TE 
and any parameters in adult patients (figure 4). Multiple 
regression analysis also showed that follow- up period, 
LVEF and the prevalence of AF were associated with the 
prevalence of TE, whereas there were no associations 

Figure 2 Forest plot of the mean prevalence of thromboembolism in the patients with left ventricular non- compaction (LVNC). 
Mean prevalence of thromboembolism in all patients (A), paediatric (B) and adult patients (C) with LVNC.

Figure 3 Forest plot of the mean incidence of thromboembolism in the patients with left ventricular non- compaction (LVNC). 
Mean incidence of thromboembolism in all patients (A), paediatric (B) and adult patients (C) with LVNC.
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between the incidence of TE and any parameters (online 
supplemental table 5). Subgroup analysis showed that 
reduced LVEF (<40%) and longer follow- up period 
(>4 years) were the factors associated with high preva-
lence of TE, and reduced LVEF (<40%) and AF (>10%) 
were the factors associated with high incidence of TE 
(online supplemental figures 3 and 4).

Among the adult patients with LVNC, 37.1% were 
receiving anticoagulant therapy (95% CI, 27.5% to 46.7%); 
of these, 80.5% and 19.5% received anticoagulants for 
primary and secondary prevention, respectively, (figure 5). 
Regarding anticoagulants, nine studies were used warfarin 
and one study used rivaroxaban. Among the adult patients 
with LVNC, 26.6% were receiving antiplatelet therapy 
(95% CI, −11.9% to 65.1%) (figure 5). Regarding anti-
platelets, all studies used aspirin for antiplatelet therapy. In 
each parameter, there were substantial statistical heteroge-
neities among the studies. TE was not associated with the 
use of anticoagulants or antiplatelets (table 1). There were 
no available data regarding paediatric patients. Prespec-
ified sensitivity meta- analysis for the primary endpoint 
excluding studies in which antithrombotic treatment in 
more than 30% of patient’s population showed that the 
mean prevalence of TE in adult patients with LVNC was 
6.5% (95% CI, 4.9% to 8.2%), and the mean incidence of 
TE in adult patients with LVNC was 6.2% (95% CI, 4.7% 
to 7.8%) (online supplemental figure 5). These results 
showed that the prevalence and incidence of TE were 
increased compared with overall studies, suggesting that 
antithrombotic treatment may decrease the TE events.

Comparison of mortality and heart transplantation rates 
between pediatric and adult patients
The mean mortality rates in the paediatric and adult patients 
with LVNC were 11.9% (I2=0%, 95% CI, 9.5% to 14.3%) 

and 8.9% (I2=89.62%, 95% CI, 6.7% to 11.1%), respectively 
(figure 6). The mean mortality and heart transplantation 
rates in the paediatric and adult patients with LVNC were 
16.5% (I2=52.24%, 95% CI, 11.7% to 21.2%) and 12.0% 
(I2=92.46%, 95% CI, 9.3% to 14.7%), respectively (figure 7). 
Except for the mean survival rate in paediatric patients, 
there were substantial statistical heterogeneities among the 
studies in each parameter. Subgroup analysis showed that the 
studies with reduced LVEF (<40%) was associated with high 
mortality and death and heart transplantation rate (online 
supplemental figures 6 and 7).

Factors associated with TE
We analysed the factors associated with TE in the paedi-
atric patients.1 5 7 22 Table 1 shows the univariate and multi-
variate risk estimates for TE. In the univariate and multi-
variate analyses, TE was associated with LVEF in <40% of 
patients (OR, 9.47; 95% CI, 1.35% to 188.2%; p=0.0225). 
We could not evaluate the association between AF and TE 
because the prevalence of AF in the paediatric patients 
with LVNC was relatively low, and patients with AF did not 
have TE (online supplemental table 6). In adults, there 
was no relationship between TE and any of the parame-
ters (online supplemental table 7).

DISCUSSION
This is the first systematic review and meta- analysis to 
elucidate the aetiology of TE in paediatric patients with 
LVNC. This study revealed that TE occurred in 2.6% of 
paediatric patients with LVNC, and the incidence rate of 
TE events was 1.6% per year. The prevalence and inci-
dence rates in paediatric patients were lower than those 

Figure 5 Forest plot of the mean prevalence of 
anticoagulant and antiplatelet use in adult patients with 
left ventricular non- compaction (LVNC). Mean prevalence 
of anticoagulant use in adult patients with LVNC (A). Mean 
prevalence of antiplatelet use in adult patients with LVNC (B).

Figure 4 Meta regression of follow- up period and 
left ventricular ejection fraction against prevalence of 
thromboembolism (TE).
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in adult patients. Moreover, multivariate logistic regres-
sion analysis showed that TE was associated with LVEF in 
<40% of paediatric patients with LVNC (figure 8).

The overall annual incidence rate of TE in all patients 
with LVNC in this study ranged from 0.08% to 0.27%; in 
the general adult population, it ranged from 0.11% to 
0.18%, while it was 0.003% in the general paediatric popu-
lation.23 The annual incidence rate of TE was 0.003% in 
general paediatric cohort.24 TE occasionally develops in 
patients with cardiomyopathies; its prevalence in patients 
with hypertrophic cardiomyopathy (HCM) is approxi-
mately 10%.25 In another cohort, the 5- year rate of TE 
events was 5.5%.26 Similarly, in another study, TE events 
occurred in 15% of patients with dilated cardiomyopathy 
(DCM),27 and intracardiac thrombi were detected in 6% 
of paediatric patients with DCM.28 In patients with DCM, 
the risk of developing TE increases when the LVEF is 
<20%.13 Our results showed that the mean prevalence of 
TE in patients with LVNC among all ages was 6.2%, which 
is similar to or even lower than the prevalence of other 
cardiomyopathies. Furthermore, the prevalence and 

incidence of TE events in paediatric patients were rela-
tively lower than those in adult patients. Advanced age 
is also a significant risk factor for TE and acknowledged 
by several trials.29 30 Because AF and HF were frequently 
observed in our results, the incidence of TE events may 
be increased in adult patients.

The risk of TE due to unfavourable cardiovascular 
conditions, such as LV systolic dysfunction or AF, may 
be increased in patients with LVNC.3 The pathogenesis 
of TE in HF is multifactorial, with changes occurring at 
the molecular level in addition to abnormalities in blood 
flow dynamics.31 HF resulting in poor contractility and 
low cardiac output leads to static blood flow, which results 
in an inherent hypercoagulable state. Consequently, HF 
increases the risk of thrombus development.32 Several 
studies have demonstrated that the risk of TE increases 
as LVEF decreases.33 The annual incidence of TE in 
patients with HF is reported to be 1.2%–1.8%.34 Our 
pooled analysis showed that the prevalence of TE was 
3.9% in patients with LVNC with concomitant HF. Thus, 
dilated and poorly contracting ventricles may promote 

Table 1 Univariate and multivariate logistic regression analyses of independent predictors of thromboembolism in paediatric 
patients with LVNC

Univariate analysis Multivariate analysis

OR P value 95% CI OR P value 95% CI

Male 0.689 0.6655 0.094 to 3.600 0.8111 0.8234 0.102 to 5.173

LVEF<40% 7.236 0.0440 1.051 to 142.616 9.4133 0.0228 1.346 to 186.808

HF at diagnosis 4.123 0.1422 0.654 to 79.498

VT 1.738 0.6396 0.089 to 11.273

FH of CM 1.201 0.8360 0.164 to 6.296 1.3566 0.7861 0.183 to 27.493

Anticoagulant 10.222 0.1235 0.437 to 115.791

Antiplatelet 2.300 × 10-8 0.4388 −8.748

CM, cardiomyopathy; FH, family history; HF, heart failure; LVEF, left ventricular ejection fraction; LVNC, left ventricular non- compaction; VT, 
ventricular tachycardia.

Figure 6 Forest plot of the mean mortality rates in the paediatric and adult patients with left ventricular non- compaction. 
Mean mortality rates of paediatric patients (A) and adult patients (B).
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Meta- analysis

thrombus formation within the intertrabecular recesses 
in the paediatric patients with LVNC.

Compared with the general population, patients with 
AF have a threefold to fivefold increased risk of TE.35 
In the patients with HCM, AF is also the most common 
arrhythmia, and the prevalence of TE in patients with 
HCM is 20%–25%, which is fourfold to sixfold higher 
than that in the general population.36 However, this study 
could not evaluate the association between AF and TE 
because the prevalence of AF in paediatric patients with 
LVNC was relatively low, and patients with AF did not 
have TE.

Several studies have reported that antiplatelet therapy 
or systemic anticoagulation was used for patients with 
LVNC, as shown in our results. Stollberger et al investi-
gated TE event rates in 62 patients with LVNC, of whom 
6 had TE; of these, 5 (9.7%) had systolic dysfunction.37 
They concluded that prophylaxis might be needed for 
patients with LVNC and systolic dysfunction. Pitta et al 
suggested that anticoagulants or antiplatelets should 
be considered in adults, especially when HF or AF was 
present.38 Many healthcare institutions treat adults with 

anticoagulant or antiplatelet therapy, especially those 
with a history of systolic dysfunction. Moreover, the inci-
dence of TE decreased in patients with HF who received 
thromboprophylaxis when compared with those who did 
not.39 The incidence of TE events in children remains 
unclear, and anticoagulant and/or antiplatelet drugs 
might be an option in those with depressed LV systolic 
dysfunction.

Direct oral anticoagulants (DOACs) are direct 
thrombin and factor Xa inhibitors that allow for effec-
tive anticoagulation without the routine monitoring 
required with warfarin administration. Compelling data 
are demonstrating the efficacy and safety of DOACs when 
compared with warfarin for the prevention of stroke in 
patients with AF.40 Similarly, the treatment of venothrom-
boembolic disease with DOACs compared with warfarin 
has been shown to be efficacious and safe.41 42 However, 
no studies are available on the preference for warfarin 
or DOACs in patients with LVNC. Additionally, the risk 
of bleeding, hospitalisation and other adverse cardiac 
events often negates any incremental benefit derived 
from DOACs. Further studies are warranted to eval-
uate whether DOACs are necessary and justified for the 
management of TE.

The multiple diagnostic criteria for LVNC were included 
in this study. Presently, there is no gold standard of treat-
ment and diagnostic criteria for LVNC. The definition of 
LVNC was based on echocardiography and MRI results in 
previous studies. LVNC is usually diagnosed using a two- 
dimensional transthoracic echocardiogram. However, 
the use of advanced imaging technologies, such as MRI, 
is increasing. The emergence of cardiac MRI has enabled 
high- resolution imaging of cardiac structures. Generally, 
echocardiography and MRI have different false positive 
rates, with MRI having a higher false positive rate than 
echocardiography. Thus, MRI is more likely to diagnose 
patients with normal cardiac function and asymptomatic 

Figure 7 Forest plot of the mean mortality and heart transplantation rates in the paediatric and adult patients with LVNC. 
Mean mortality and heart transplantation rates in the paediatric patients (A) and adult patients (B).

Figure 8 Schematic figure of this study. AF, atrial fibrillation; 
LVEF, left ventricular ejection fraction; VT, ventricular 
tachycardia.
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patients, which may affect the present results. Conversely, 
the current criteria for the diagnosis of LVNC on echo-
cardiograms are unclear. Kohli et al demonstrated that 
there was a poor correlation among the different criteria 
when diagnosing LVNC by echocardiogram; however, 
their study only included adult patients.43 Thus, the 
concept of the presence of non- compaction cannot be 
translated to infants and children with extensive area of 
non- compaction. It is unknown whether these differences 
in the diagnostic criteria and modalities used influenced 
the results, which warrants further studies.

Study limitations
Our study has several limitations. First, different studies 
were adjusted for different confounding factors, making it 
challenging to compare the results across studies. Second, 
pooled results showed a high level of heterogeneity 
among observational studies. Substantial heterogeneity 
existed among observational TE studies in patients with 
LVNC. Possible explanations for the inconsistencies and 
high level of heterogeneity include patient samples from 
diverse countries and data sources, different follow- up 
durations, mixed study cohorts of LVNC and other 
patients, different risk assessment tools used, adjustment 
for different covariates and unmeasured confounders. 
Third, we did not have complete resources to review non- 
English publications. However, we included articles from 
an extensive search of broad databases and are confident 
that this study covered most of the high- quality and well- 
designed studies. Although several studies included both 
paediatric and adult populations, even though one of 
them was dominant, they could not be completely sepa-
rated into each population group.

CONCLUSIONS
Compared with healthy controls, patients with LVNC 
have an increased risk of TE. The prevalence and inci-
dence rates in paediatric patients were lower than those 
in adult patients. TE is associated with a reduced systolic 
function in paediatric patients with LVNC. Furthermore, 
advanced age appears to be a risk factor for TE. Further 
randomised control trials or case–control studies to estab-
lish treatment guidelines for TE in patients with LVNC 
are warranted.
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Supplemental Table 2a. Search strategy using MEDLINE 

No. Query Hit retrieved 

S5  

(('isolated noncompaction of the ventricular myocardium'/exp) OR hypertrabeculation 

OR LVNC OR (left ventricular trabeculation) OR (left ventricular noncompaction) OR 

(left ventricular non-compaction) OR (noncompacted cardiomyopathy) OR 

(noncompacted myocardium) OR (noncompaction cardiomyopathy) OR 

(noncompaction myocardium))  

6,800 

S6  

((non-compacted cardiomyopathy) OR (non-compacted myocardium) OR (non-

compaction cardiomyopathy) OR (non-compaction myocardium) OR (noncompaction 

of left ventricular myocardium) OR (spongy myocardium))  

2,770 

S8  
(warfarin OR anticoagulants OR aspirin OR apixaban OR edoxaban OR rivaroxaban 

OR (antithrombotic therapy) OR dabigatran)  
433,156 

S9  (thromboembolism OR thrombosis OR embolism)  1,034,463 

S10 S6 OR S5  7227 
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S11 S10 AND S8  219 

S12 S10 AND S9  738 

S13 S12 OR S11  833 

S14 (S12 OR S11) and (subt.exact("human"))  744 

 

Supplemental Table 2b. Search strategy using Embase 

No. Query Hit retrieved 

S1  

(('isolated noncompaction of the ventricular myocardium'/exp) OR hypertrabeculation 

OR LVNC OR (left ventricular trabeculation) OR (left ventricular noncompaction) OR 

(left ventricular non-compaction) OR (noncompacted cardiomyopathy) OR 

(noncompacted myocardium) OR (noncompaction cardiomyopathy) OR 

(noncompaction myocardium)) and (human(yes))  

3,754 

S3  

((non-compacted cardiomyopathy) OR (non-compacted myocardium) OR (non-

compaction cardiomyopathy) OR (non-compaction myocardium) OR (noncompaction 

of left ventricular myocardium) OR (spongy myocardium)) and (human(yes))  

1,842 

S4  
('warfarin'/exp OR 'anticoagulants'/exp OR 'aspirin'/exp OR apixaban OR edoxaban OR 

rivaroxaban OR (antithrombotic therapy) OR 'dabigatran'/exp) and (human(yes))  
36,963 

S5  
(warfarin OR anticoagulants OR aspirin OR apixaban OR edoxaban OR rivaroxaban 

OR (antithrombotic therapy) OR dabigatran) and (human(yes))  
208,200 

S6  ('thromboembolism'/exp OR 'thrombosis'/exp OR 'embolism'/exp) and (human(yes))  1 

S7  (thromboembolism OR thrombosis OR embolism) and (human(yes))  509,254 

S8  S3 OR S1  3,889 

S9  S8 AND S5  184 

S10 S8 AND S7  650 

S11 S10 OR S9  731 

S15 (S10 OR S9) and (rtype.exact("Article") AND subt.exact("human"))  339 

 

Supplemental Table 2c. Search strategy using Cochrane Central Register of Controlled Trial 

No. Query Hit retrieved 

#1 MeSH descriptor: [Isolated Noncompaction of the Ventricular Myocardium] 

explode all trees  

0 

#2 hypertrabeculation  0 

#3 LVNC  1 

#4 left ventricular trabeculation  3 

#5 left ventricular noncompaction  6 

#6 left ventricular non-compaction  5 

#7 noncompacted cardiomyopathy  2 

#8 noncompacted myocardium  1 

#9 noncompaction cardiomyopathy  7 

#10 noncompaction myocardium  4 
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#11 non-compacted cardiomyopathy  2 

#12 non-compacted myocardium  1 

#13 non-compaction cardiomyopathy  6 

#14 non-compaction myocardium  4 

#15 noncompaction of left ventricular myocardium  4 

#16 spongy myocardium  0 

#17 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #7 OR #8 OR #9 OR #10 OR #11 

OR #12 OR #13 OR #14 OR 15 OR 16  

448,627 

#18 MeSH descriptor: [Warfarin] explode all trees  1,700 

#19 MeSH descriptor: [Anticoagulants] explode all trees  4,663 

#20 MeSH descriptor: [Aspirin] explode all trees  5,935 

#21 apixaban  978 

#22 MeSH descriptor: [Dabigatran] explode all trees  312 

#23 edoxaban  594 

#24 rivaroxaban  1,738 

#25 antithrombotic therapy  2,119 

#26 #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25  14,025 

#27 MeSH descriptor: [Thromboembolism] explode all trees  2,112 

#28 MeSH descriptor: [Thrombosis] explode all trees  4,841 

#29 MeSH descriptor: [Embolism] explode all trees  1,427 

#30 #27 OR #28 OR #29  7,272 

#31 #17 AND #26  1 

#32 #17 AND #30  0 

#33 #31 OR #32  1 
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Supplemental Table 3. Risk of bias table 

 

According to the Cochrane Hand book for Systematic Reviews of Interventions, version 5.1.0. +: low risk of 

bias; - : high risk of bias; ?: unclear risk of bias. 
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Supplemental Table 4. Characteristics of included studies 

Author Year Patients 

(n) 

Age (yeras) Male 

(%) 

Follow-up 

period (years) 

Diagnostic criteria Echo/MRI LVEF (%) AF 

(%) 

VT 

(%) 

Anticoagulant Antiplatelet Anticoagulant/

Antiplatelet 

(%) 

Hx of 

TE (%) 

TE 

events 

(%) 

Children                

Chin[1] 1990 8 8.9 (0.9−22.5) 63.0 N/A Chin Echo N/A 0 62.5 N/A N/A N/A 38.0 N/A 

Ichida[2] 1999 27 5.0 (0−15.0) 55.6 6.0 (0−17.0) Ichida Echo 61.5 ± 11.6 3.7 0 N/A N/A N/A N/A 0 

Pignatelli[3] 2003 36 0.3 (0-17) 55.6 3.2 (0.5- 12.0) Jenni Echo 25 (18.0-32.0) 0 2.8 N/A N/A N/A 2.8 0 

Wald[4] 2004 22 3.9 (0−16.0) 40.9 3.0 (0.1−16) Jenni Echo 34.0 (6.0−67) 0 9.1 N/A N/A N/A N/A 0 

Lilje[5] 2006 66 4.0 (0−21.0) 48.5 1.0 (0−4.3) Chin, Jenni Echo N/A N/A N/A N/A N/A N/A N/A 13.9 

Koh[6] 2009 10 2.0 (0−12.0) 70.0 2.0 (0.2−3.0) Jenni Echo N/A N/A N/A N/A N/A N/A N/A 0 

Wang[7] 2017 205 3.6 (0−15.0) 53.7 4.6 (0−22.0) Jenni Echo 49.9 ± 2.1 N/A N/A N/A N/A N/A N/A 4.9 

Nucifora[8] 2017 12 15.0 ± 3.0 75.0 N/A Petersen, Jacquire MRI 64.0 ± 8.0 N/A 8.0 N/A N/A N/A 0 N/A 

van Waning[9] 2018 52 7.0 (0−14.0) 52.0 5.0 (1.5−9.4) Jenni, Petersen UCG/MRI N/A 10.0 6.0 N/A N/A N/A 2.0 4.0 

Takasaki[10] 2018 82 0.8 (0−35.0) 56.1 4.8 (0−22.0) Paterick Echo 42.4 ± 3.5 N/A N/A N/A N/A N/A 3.7 N/A 

Hirono[11] 2020 206 0.3 (0−16.0) 57.8 2.0 (0−33.0) Paterick Echo 47.1 ± 19.1 0 11.2 N/A N/A N/A 2.4 N/A 

Adults                

Ritter[12] 1997 17 41.6 (18.0−71.0) 82.3 2.5 ± 2.3 Stollberger Echo N/A 29.4 11.8 N/A N/A N/A 5.9 24.0 

Oechslin[13] 2000 34 42.0 ± 17.0 74.0 3.7 ± 3.3 Jenni Echo 33.0 ± 13.0 26.0 41.0 N/A N/A N/A N/A 24.0 

Stollberger[14] 2005 62 53.0 86.0 N/A Stollberger Echo FS 25.1 8.1 N/A yes N/A 6.5 1.6 10.0 

Murphy[15] 2005 45 37.0 ± 17.0 62.2 2.7 (0.5−14.9) Chin, Jenni Echo FS 21.0 ± 9.0 6.5 22.0 yes N/A 60.0 N/A 4.0 

Lofiego[16] 2007 65 42.0 ± 17.0 N/A 3.8 (0.5−16.1) Jenni Echo 31.0 ± 11.0 1.5 6.0 yes N/A 52.3 N/A 5.0 

Espinola-Zavaleta[17] 2006 53 43.2 ± 14.8 47.2 0.6 ± 0.4 Jenni Echo 39.0 ± 18.5 5.7 7.5 N/A N/A N/A N/A 5.7 

Aras[18] 2006 67 41.0 ± 18.0 66.0 3.0 ± 1.1 Jenni Echo 43.5 ± 14.4 12.0 36.0 N/A yes 28.3 6.0 9.0 

Finsterer[19] 2008 104 14.0−94.0 71.0 12.0 Stollberger Echo N/A N/A N/A N/A N/A N/A 9.0 15.0 

Fazio[20] 2008 238 41.5 (1.0−92.0) 58.0 7.3 (1.0−12.0) Stollberger Echo 24.6 N/A N/A N/A N/A N/A 14.0 2.1 

Yousef[21] 2009 42 48.7 ± 2.3 59.5 N/A Jenni Echo 41.1 ± 14.8 28.6 N/A N/A N/A N/A 14.0 N/A 

Stanton[22] 2009 30 39.0 ± 19.5 60.0 2.5 ± 1.2 Jenni Echo 41.0 ± 15.0 16.6 10.0 N/A yes 30.0 0 0 

Shoji[23] 2010 187 41.3 ± 16.8 65.8 N/A Jenni Echo 62.2 4.8 1.1 N/A N/A N/A 0.5 N/A 

Habib[24] 2011 105 45.0 ± 17.0 66.0 2.3 ± 1.5 Jenni Echo 46.0 ± 18.0 7.0 7.0 yes N/A 29.2 4.0 8.5 

Greutmann[25] 2012 132 41.0 ± 17.0 35.0 2.7 (0.1−19.4) Jenni Echo 41.0 ± 18.0 24.0 7.0 yes yes 36.0 3.0 4.0 

Yun[26] 2011 11 35.0 (15.0−58.0) 81.8 N/A Petersen MRI 40.0 (23.0−70.0) 0 0 N/A N/A N/A 9.1 N/A 

Stollberger[27] 2013 169 52.9 ± 16.0 70.0 16.0 Stollberger Echo FS 24.2 ± 11.0 16.6 N/A N/A N/A N/A 15.0 N/A 

Nikolić[28] 2012 12 45.0 ± 15.0 58.3 N/A Jenni Echo 49.8 ± 8.0 33.3 25.0 N/A N/A N/A 0 N/A 

Caliskan[29] 2012 84 40.0 (17.0−77.0) 47.6 5.3 (1.5−9.6) Jenni Echo FS 20.8 ± 8.2 9.5 19.0 N/A N/A N/A 10.7 N/A 

Stacey[30] 2013 122 57.0 ± 17.5 59.0 N/A Jacquier MRI 44.0 ± 16.0 N/A 4.9 N/A N/A N/A 8.2 N/A 

Tian[31] 2014 106 46.0 ± 17.0 78.0 2.9 ± 2.1 Jenni Echo 39.0 ± 14.0 13.0 2.0 yes N/A 9.0 6.0 4.0 

Peters[32] 2014 55 42.2 ± 11.5 38.2 1.4 ± 0.5 Jenni Echo 29.6 ± 11.8 1.8 1.8 yes N/A 29.1 16.3 1.8 
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Author Year Patients 

(n) 

Age (yeras) Male 

(%) 

Follow-up 

period (years) 

Diagnostic criteria Echo/MRI LVEF (%) AF 

(%) 

VT 

(%) 

Anticoagulant Antiplatelet Anticoagulant/

Antiplatelet 

(%) 

Hx of 

TE (%) 

TE 

events 

(%) 

Li[33] 2015 20 42.5 (36.3−52.5) 60.0 1.1±0.5 Stollberger Echo 32.0 (22.0−40.0) 5.0 5.0 yes yes 60.0 N/A 0 

Akhbour[34] 2015 24 42.7 ± 13.1 66.7 N/A Petersen MRI 37.8 ± 13.9 16.7 20.8 N/A N/A N/A 4.2 N/A 

Stöllberger[35] 2015 232 52.0 ± 17.0 69.0 6.0 ± 5.2 Stollberger Echo FS 25.0 ± 11.0 16.0 N/A N/A N/A N/A N/A 4.3 

Amzulescu[36] 2015 59 52.0 ± 13.0 57.6 3.4 (1.5 − 6.3) Petersen MRI 24.1 ± 8.3 3.0 N/A yes yes 22.0 12.0 6.8 

Minamisawa[37] 2016 23 54.9 ± 9.1 69.6 5.1 Jenni Echo 27.4 ± 8.5 43.5 N/A yes N/A 43.4 8.7 N/A 

Zhou[38] 2016 31 40.8 ± 4.8 61.3 N/A Jenni Echo 42.0 ± 5.9 N/A N/A N/A N/A N/A 6.5 N/A 

Andreini[39] 2016 113 44.0 ± 17.0 62.0 4 ± 2 Jenni, Petersen Echo /MRI 42.8 ± 16.2 N/A N/A yes yes 5.0 N/A 4.4 

Muser[40] 2017 9 42.0 ± 15.0 55.6 4.0 (1.0 − 11.0) Jenni Echo 40.0 ± 12.1 N/A 44.4 yes N/A 66.6 N/A 11.1 

Asfalou[41] 2017 23 47.0 ± 13.0 65.2 2.0 Jenni Echo 27.0 ± 8.0 21.7 16.6 yes N/A 28.6 N/A 4.3 

Tavares de Melo[42] 2017 30 41.0 ± 12.0 53.0 N/A Petersen MRI 39.0 ± 14.0 N/A 33.0 yes N/A 77.0 13.0 N/A 

Mazurkiewicz[43] 2017 127 33.1 ± 8.8 61.4 2.2 ± 1.0 Grothoff MRI 27.7 ± 6.8 11.8 N/A N/A N/A N/A 8.7 1.6 

Nucifora[8] 2017 20 35.0 ± 7.0 75.0 N/A Petersen, Jacquire MRI 55.0 ± 14.0 N/A 10.0 N/A N/A N/A 10.0 N/A 

Sedaghat-

Hamedani[44] 

2017 95 41.0 ± 14.4 70.6 5.1 Jenni, Stollberger Echo 38.0 ± 15.3 29.4 35.3 N/A N/A N/A N/A 10.3 

Salazar-

Mendiguchía[45] 

2019 75 50.4 ± 14.8 68.0 5.0 (2.4 − 6.7) Jenni Echo 32.0 (29.0 − 34.0) 38.7 4.0 yes yes 53.3 1.3 5.3 

Martinez[46] 2017 13 N/A N/A N/A Jenni Echo N/A N/A N/A N/A yes N/A 8.0 N/A 

van Waning[9] 2018 275 45.0 (33.0 − 56.0) 54.0 2.1 (0.3 − 4.8) Jenni, Petersen Echo /MRI N/A 16.0 6.0 N/A N/A N/A 3.0 13.0 

Araujo-Filho[47] 2018 36 41.0 ± 13.0 61.0 N/A Petersen MRI 42.0 ± 6.0 N/A 30.6 yes N/A 55.6 8.3 N/A 

Sohns[48] 2019 18 43.5 ± 18.0 66.7 5.2 ± 3.5 Jenni Echo 35.0 ± 15.0 11.1 66.7 yes N/A 77.8 27.8 N/A 

van Waning[49] 2019 216 38.0 (23.0 − 52.0) 54.0 3.7 (0.8 − 7.8) Jenni, Petersen, Grothoff Echo /MRI N/A 11.6 11.6 N/A N/A N/A N/A 4.6 

Azevedo[50] 2019 78 47.0 ± 17.0 62.8 4.4 ± 2.8 Jenni, Stollberger, Chin, Petersen Jacquier Echo /MRI 47.2 ± 15.2 13.5 21.6 N/A N/A N/A 5.1 11.5 

Macaione[51] 2020 27 47.6 ± 22.6 77.8 N/A Jenni, Petersen, Grothoff Echo /MRI 48.5 ± 17.6 N/A 11.1 N/A N/A N/A 3.7 N/A 

Asmakutlu[52] 2020 42 32.4 (18.0 − 63.0) 52.3 N/A Stollberger, Petersen Echo /MRI 50.3 (22.0 − 67.0) 4.7 11.9 N/A N/A N/A 14.2 N/A 

Rocon[53] 2020 108 38.3 ± 15.5 48.1 5.8 ± 3.9 Chin, Jenni, Stollberger, Petersen Echo /MRI 45.3 ± 14.6 N/A 61.7 N/A N/A N/A N/A 17.0 

Rapatz[54] 2020 113 57.0 (45.0 − 69.0) 76.0 6.1 ± 5.3 Stollberger Echo FS 20.0 (15.0 − 30.0) 20.0 N/A N/A N/A N/A 12.0 6.0 

Zemrak[55] 2020 142 N/A N/A N/A Petersen MRI N/A N/A N/A N/A N/A N/A 1.3 N/A 

Femia[56] 2020 98 47.0 (31.0 − 65.0) 56.7 6.5 (5.5 − 7.5) Petersen MRI 81.2 ± 7.2 1.0 16.3 N/A N/A N/A 7.1 4.1 

Galizio[57] 2011 80 41.0 ± 17.0 66.3 1.1 (0.5 − 2.1) Chin, Jenni, Stollberger, Petersen Echo /MRI 38.6 ± 11.4 N/A 18.8 N/A N/A N/A N/A 3.75 

Echo, echocardiography; MRI magnetic resonance imaging; LVEF, left ventricular ejection fraction; AF; atrial fibrillation; VT, ventricular tachycardia; Hx, history; TE, thromboembolism; N/A, not applicable; FS, fractional 

shortening. 
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Supplemental Table 5. Result of multiple linear regression analysis coefficients for logarithmic-transformed prevalence of thromboembolism 

 Unstandardized coefficients    Standardized coefficients    

Model β Standard error Lower CI Upper CI β T P value Variance Inflation Factor  

Constant 3.0518441 0.672898 1.5296435 4.5740446 0 4.54 0.0014  

Follow-up period (y) 0.386106 0.164966 0.0129269 0.7592851 0.730529 2.34 0.0440 1.8558142 

LVEF (%) -0.046194 0.017301 -0.085332 -0.007057 -0.83592  -2.67 0.0256 1.8671364 

AF (%) -0.053726 0.018199 -0.094894 -0.012558 -0.90918  -2.95 0.0162 1.8067165 

CI, confidence interval; LVEF, left ventricular ejection fraction; AF; atrial fibrillation. 
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Supplemental Table 6. Comparison of clinical characteristics between pediatric patients with and without TE 

  TE negative (n 

= 281) 

TE positive (n 

= 6) 

P value 

Male 142 4 1.0000 

FH 72 2 1.0000 

CHD 37 0 1.0000 

HF at diagnosis 154 5 0.2303 

LVEF (%) 46.9 ± 18.9 30.3 ± 19.9 0.0648 

LVEF<40% 89 4 0.0608 

AF 2 0 1.0000 

VT 29 1 0.4876 

Anticoagulant 3 1 0.0298 

Antiplatelet 7 0 1.0000 

FX, family history; CHD, congenital heart disease; HF, heart failure; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; VT, ventricular tachycardia 
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Supplemental Table 7. Comparison of clinical characteristics between adult patients with and without TE 

  TE negative (n 

= 21) 

TE positive (n 

= 5) 

P value 

Male 14 5 0.2782 

FH 2 1 0.3333 

CHD 0 0 1.0000 

HF at diagnosis 7 3 0.3402 

LVEF (%) 39.8 ± 13.8 40 1.0000 

LVEF<40% 3 0 1.0000 

AF 4 1 1.0000 

VT 9 1 0.6169 

FX, family history; CHD, congenital heart disease; HF, heart failure; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; VT, ventricular tachycardia 
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Supplemental Figure 1. Summaries of forest plots of the mean prevalence of arrhythmia and LVEF in patients with LVNC 

Mean prevalence of atrial fibrillation (AF) in pediatric (A) and adult patients (B). Mean prevalence of ventricular tachycardia (VT) in pediatric (C) and adult patients (D). Mean LVEF in pediatric (E) and adult patients (F). 
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Supplemental Figure 2. Funnel plot of the assessment of publication bias for studies 

Funnel plot of the assessment of publication bias for studies regarding the prevalence (A) and incidence (B) of TE in the patients with LVNC 
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Supplemental Figure 3. Forest plot of the mean prevalence of thromboembolism in the patients with LVNC according to subgroup analysis 

Mean prevalence of thromboembolism in studies with average LVEF <40% (A) and >40% (B).  

Mean prevalence of thromboembolism in studies with mean follow-up period <4years (C) and >4years (D).  

Mean prevalence of thromboembolism in studies with mean prevalence of AF <10% (E) and prevalence of AF >10% (F).  

CI, confidence interval. 
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Supplemental Figure 4. Forest plot of the mean incidence of thromboembolism in the patients with LVNC according to subgroup analysis 

Mean incidence of thromboembolism in studies with average LVEF <40% (A) and >40% (B).  

Mean incidence of thromboembolism in studies with mean follow-up period <4years (C) and >4years (D).  

Mean incidence of thromboembolism in studies with mean prevalence of AF <10% (E) and prevalence of AF >10% (F).  

CI, confidence interval. 
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Supplemental Figure 5. Forest plot of the mean prevalence and incidence of thromboembolism in the patients with LVNC excluding studies in which antithrombotic treatment in more than 30% of patient’s population 

Mean prevalence of thromboembolism in all patients (A) and adult patients (B) with LVNC.  

Mean incidence of thromboembolism in the whole aged (C) and adult patients (D) with LVNC.  

CI, confidence interval. 
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Supplemental Figure 6. Forest plot of the mean mortality rates in the patients with LVNC according to subgroup analysis 

The mean mortality rates in studies with average LVEF <40% (A) and >40% (B).  

The mean mortality rates in studies with mean follow-up period <4years (C) and >4years (D).  

The mean mortality rates in studies with mean prevalence of AF <10% (E) and prevalence of AF >10% (F).  

CI, confidence interval. 

 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Open Heart

 doi: 10.1136/openhrt-2021-001908:e001908. 9 2022;Open Heart, et al. Hirono K



Supplemental Figure 7. Forest plot of the mean mortality and heart plantation rates in the patients with LVNC according to subgroup analysis 

The mean mortality and heart plantation rates in studies with average LVEF <40% (A) and >40% (B).  

The mean mortality and heart plantation rates in studies with mean follow-up period <4years (C) and >4years (D).  

The mean mortality and heart plantation rates in studies with mean prevalence of AF <10% (E) and prevalence of AF >10% (F).  

CI, confidence interval. 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Open Heart

 doi: 10.1136/openhrt-2021-001908:e001908. 9 2022;Open Heart, et al. Hirono K



REFERENCES 

1 Chin TK, Perloff JK, Williams RG, et al. Isolated noncompaction of left ventricular myocardium. A study of 

eight cases. Circulation 1990;82:507-13. 

2 Ichida F, Hamamichi Y, Miyawaki 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;34:233-40. 

3 Pignatelli RH, McMahon CJ, Dreyer WJ, et al. Clinical characterization of left ventricular noncompaction in 

children: a relatively common form of cardiomyopathy. Circulation 2003;108:2672-8. 

4 Wald R, Veldtman G, Golding F, et al. Determinants of outcome in isolated ventricular noncompaction in 

childhood. Am J Cardiol 2004;94:1581-4. 

5 Lilje C, Razek V, Joyce JJ, et al. Complications of non-compaction of the left ventricular myocardium in a 

paediatric population: a prospective study. Eur Heart J 2006;27:1855-60. 

6 Koh C, Lee PW, Yung TC, et al. Left ventricular noncompaction in children. Congenit Heart Dis 2009;4:288-

94. 

7 Wang C, Takasaki A, Watanabe Ozawa S, et al. Long-Term Prognosis of Patients With Left Ventricular 

Noncompaction- Comparison Between Infantile and Juvenile Types. Circ J 2017;81:694-700. 

8 Nucifora G, Sree Raman K, Muser D, et al. Cardiac magnetic resonance evaluation of left ventricular functional, 

morphological, and structural features in children and adolescents vs. young adults with isolated left ventricular non-

compaction. Int J Cardiol 2017;246:68-73. 

9 van Waning JI, Caliskan K, Hoedemaekers YM, et al. Genetics, Clinical Features, and Long-Term Outcome of 

Noncompaction Cardiomyopathy. J Am Coll Cardiol 2018;71:711-22. 

10 Takasaki A, Hirono K, Hata Y, et al. Sarcomere gene variants act as a genetic trigger underlying the 

development of left ventricular noncompaction. Pediatr Res 2018;84:733-42. 

11 Hirono K, Hata Y, Miyao N, et al. Increased Burden of Ion Channel Gene Variants Is Related to Distinct 

Phenotypes in Pediatric Patients With Left Ventricular Noncompaction. Circ Genom Precis Med 2020;13:e002940. 

12 Ritter M, Oechslin E, Sutsch G, et al. Isolated noncompaction of the myocardium in adults. Mayo Clin Proc 

1997;72:26-31. 

13 Oechslin EN, Attenhofer Jost CH, Rojas JR, et al. Long-term follow-up of 34 adults with isolated left ventricular 

noncompaction: a distinct cardiomyopathy with poor prognosis. J Am Coll Cardiol 2000;36:493-500. 

14 Stollberger C, Finsterer J. Left ventricular hypertrabeculation/noncompaction and stroke or embolism. 

Cardiology 2005;103:68-72. 

15 Murphy RT, Thaman R, Blanes JG, et al. Natural history and familial characteristics of isolated left ventricular 

non-compaction. Eur Heart J 2005;26:187-92. 

16 Lofiego C, Biagini E, Pasquale F, et al. Wide spectrum of presentation and variable outcomes of isolated left 

ventricular non-compaction. Heart 2007;93:65-71. 

17 Espinola-Zavaleta N, Soto ME, Castellanos LM, et al. Non-compacted cardiomyopathy: clinical-

echocardiographic study. Cardiovasc Ultrasound 2006;4:35. 

18 Aras D, Tufekcioglu O, Ergun K, et al. Clinical features of isolated ventricular noncompaction in adults long-

term clinical course, echocardiographic properties, and predictors of left ventricular failure. J Card Fail 2006;12:726-33. 

19 Finsterer J, Stollberger C, Molzer G, et al. Cerebrovascular events in left ventricular 

hypertrabeculation/noncompaction with and without myopathy. Int J Cardiol 2008;130:344-8. 

20 Fazio G, Corrado G, Zachara E, et al. Anticoagulant drugs in noncompaction: a mandatory therapy? J 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Open Heart

 doi: 10.1136/openhrt-2021-001908:e001908. 9 2022;Open Heart, et al. Hirono K



Cardiovasc Med (Hagerstown) 2008;9:1095-7. 

21 Yousef ZR, Foley PW, Khadjooi K, et al. Left ventricular non-compaction: clinical features and cardiovascular 

magnetic resonance imaging. BMC Cardiovasc Disord 2009;9:37. 

22 Stanton C, Bruce C, Connolly H, et al. Isolated left ventricular noncompaction syndrome. Am J Cardiol 

2009;104:1135-8. 

23 Shoji M, Yamashita T, Uejima T, et al. Electrocardiography characteristics of isolated non-compaction of 

ventricular myocardium in Japanese adult patients. Circ J 2010;74:1431-5. 

24 Habib G, Charron P, Eicher JC, et al. Isolated left ventricular non-compaction in adults: clinical and 

echocardiographic features in 105 patients. Results from a French registry. Eur J Heart Fail 2011;13:177-85. 

25 Greutmann M, Mah ML, Silversides CK, et al. Predictors of adverse outcome in adolescents and adults with 

isolated left ventricular noncompaction. Am J Cardiol 2012;109:276-81. 

26 Yun H, Zeng MS, Jin H, et al. Isolated noncompaction of ventricular myocardium: a magnetic resonance 

imaging study of 11 patients. Korean J Radiol 2011;12:686-92. 

27 Stollberger C, Wegner C, Finsterer J. CHADS2- and CHA2DS2VASc scores and embolic risk in left ventricular 

hypertrabeculation/noncompaction. J Stroke Cerebrovasc Dis 2013;22:709-12. 

28 Nikolic A, Jovovic L, Tomic S, et al. Left ventricular noncompaction: clinical-echocardiographic study. 

Vojnosanit Pregl 2012;69:32-6. 

29 Caliskan K, Ujvari B, Bauernfeind T, et al. The prevalence of early repolarization in patients with 

noncompaction cardiomyopathy presenting with malignant ventricular arrhythmias. J Cardiovasc Electrophysiol 

2012;23:938-44. 

30 Stacey RB, Andersen MM, St Clair M, et al. Comparison of systolic and diastolic criteria for isolated LV 

noncompaction in CMR. JACC Cardiovasc Imaging 2013;6:931-40. 

31 Tian T, Liu Y, Gao L, et al. Isolated left ventricular noncompaction: clinical profile and prognosis in 106 adult 

patients. Heart Vessels 2014;29:645-52. 

32 Peters F, Khandheria BK, Botha F, et al. Clinical outcomes in patients with isolated left ventricular 

noncompaction and heart failure. J Card Fail 2014;20:709-15. 

33 Li J, Franke J, Pribe-Wolferts R, et al. Effects of beta-blocker therapy on electrocardiographic and 

echocardiographic characteristics of left ventricular noncompaction. Clin Res Cardiol 2015;104:241-9. 

34 Akhbour S, Fellat I, Fennich N, et al. Electrocardiographic findings in correlation to magnetic resonance 

imaging patterns in African patients with isolated ventricular noncompaction. Anatol J Cardiol 2015;15:550-5. 

35 Stollberger C, Blazek G, Gessner M, et al. Age-dependency of cardiac and neuromuscular findings in adults 

with left ventricular hypertrabeculation/noncompaction. Am J Cardiol 2015;115:1287-92. 

36 Amzulescu MS, Rousseau MF, Ahn SA, et al. Prognostic Impact of Hypertrabeculation and Noncompaction 

Phenotype in Dilated Cardiomyopathy: A CMR Study. JACC Cardiovasc Imaging 2015;8:934-46. 

37 Minamisawa M, Koyama J, Kozuka A, et al. Regression of left ventricular hypertrabeculation is associated with 

improvement in systolic function and favorable prognosis in adult patients with non-ischemic cardiomyopathy. J Cardiol 

2016;68:431-8. 

38 Zhou H, Lin X, Fang L, et al. Characterization of Compacted Myocardial Abnormalities by Cardiac Magnetic 

Resonance With Native T1 Mapping in Left Ventricular Non-Compaction Patients- A Comparison With Late 

Gadolinium Enhancement. Circ J 2016;80:1210-6. 

39 Andreini D, Pontone G, Bogaert J, et al. Long-Term Prognostic Value of Cardiac Magnetic Resonance in Left 

Ventricle Noncompaction: A Prospective Multicenter Study. J Am Coll Cardiol 2016;68:2166-81. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Open Heart

 doi: 10.1136/openhrt-2021-001908:e001908. 9 2022;Open Heart, et al. Hirono K



40 Muser D, Liang JJ, Witschey WR, et al. Ventricular arrhythmias associated with left ventricular noncompaction: 

Electrophysiologic characteristics, mapping, and ablation. Heart Rhythm 2017;14:166-75. 

41 Asfalou I, Boulaamayl S, Raissouni M, et al. Left ventricular noncompaction-A rare form of cardiomyopathy: 

Revelation modes and predictors of mortality in adults through 23 cases. J Saudi Heart Assoc 2017;29:102-9. 

42 Tavares de Melo MD, Giorgi MCP, Assuncao AN, Jr., et al. Decreased glycolytic metabolism in non-

compaction cardiomyopathy by 18F-fluoro-2-deoxyglucose positron emission tomography: new insights into 

pathophysiological mechanisms and clinical implications. Eur Heart J Cardiovasc Imaging 2017;18:915-21. 

43 Mazurkiewicz L, Petryka J, Spiewak M, et al. Clinical and prognostic relevancy of left ventricular trabeculation 

assessed by cardiac magnetic resonance in patients with dilated cardiomyopathy. Kardiol Pol 2017;75:794-803. 

44 Sedaghat-Hamedani F, Haas J, Zhu F, et al. Clinical genetics and outcome of left ventricular non-compaction 

cardiomyopathy. Eur Heart J 2017;38:3449-60. 

45 Salazar-Mendiguchia J, Gonzalez-Costello J, Oliveras T, et al. Long-term Follow-up of Symptomatic Adult 

Patients With Noncompaction Cardiomyopathy. Rev Esp Cardiol (Engl Ed) 2019;72:169-71. 

46 Martinez HR, Ware SM, Schamberger MS, et al. Noncompaction cardiomyopathy and heterotaxy syndrome. 

Prog Pediatr Cardiol 2017;46:23-7. 

47 Araujo-Filho JAB, Assuncao AN, Jr., Tavares de Melo MD, et al. Myocardial T1 mapping and extracellular 

volume quantification in patients with left ventricular non-compaction cardiomyopathy. Eur Heart J Cardiovasc Imaging 

2018;19:888-95. 

48 Sohns C, Ouyang F, Volkmer M, et al. Therapy of ventricular arrhythmias in patients suffering from isolated 

left ventricular non-compaction cardiomyopathy. Europace 2019;21:961-9. 

49 van Waning JI, Caliskan K, Michels M, et al. Cardiac Phenotypes, Genetics, and Risks in Familial 

Noncompaction Cardiomyopathy. J Am Coll Cardiol 2019;73:1601-11. 

50 Azevedo O, Marques N, Craveiro N, et al. Screening for Fabry disease in patients with left ventricular 

noncompaction. Rev Port Cardiol 2019;38:709-16. 

51 Macaione F, Meloni A, Positano V, et al. The planimetric Grothoff's criteria by cardiac magnetic resonance can 

improve the specificity of left ventricular non-compaction diagnosis in thalassemia intermedia. Int J Cardiovasc Imaging 

2020;36:1105-12. 

52 Asmakutlu O, Alis D, Topel C, et al. Late gadolinium enhancement on CMRI in patients with LV 

noncompaction: An overestimated phenomenon? Clin Imaging 2020;66:121-6. 

53 Rocon C, Tabassian M, Tavares de Melo MD, et al. Biventricular imaging markers to predict outcomes in non-

compaction cardiomyopathy: a machine learning study. ESC Heart Fail 2020;7:2431-9. 

54 Rapatz K, Finsterer J, Voill-Glaninger A, et al. NT-pro-BNP in patients with left ventricular 

hypertrabeculation/non-compaction. ESC Heart Fail 2020. 

55 Zemrak F, Raisi-Estabragh Z, Khanji MY, et al. Left Ventricular Hypertrabeculation Is Not Associated With 

Cardiovascular Morbity or Mortality: Insights From the Eurocmr Registry. Front Cardiovasc Med 2020;7:158. 

56 Femia G, Zhu D, Choudhary P, et al. Long term clinical outcomes associated with CMR quantified isolated left 

ventricular non-compaction in adults. Int J Cardiol 2021;328:235-40. 

57 Galizio NOG, José L.;Favaloro, Liliana E.;Diez, Mirta;Fernández, Adrián;Guevara, Eduardo;Palazzo, Alejandro 
A.;Robles, Federico;Casabé, José H.;Galizio, N. O. Non-compaction cardiomyopathy. Risk stratification of Sudden death 

for automatic cardioverter defibrillator implantation. REV ARGENT CARDIOL 2011;79:7. 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Open Heart

 doi: 10.1136/openhrt-2021-001908:e001908. 9 2022;Open Heart, et al. Hirono K


	Thromboembolic events in left ventricular non-compaction: comparison between children and adults – a systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Patient and public involvement
	Eligibility criteria
	Information sources
	Study selection
	Data extraction
	Outcomes
	Assessment of the risk of bias in the included studies
	Data analysis

	Results
	Study selection and patient population
	Comparison of TE events between pediatric and adult patients
	Comparison of mortality and heart transplantation rates between pediatric and adult patients
	Factors associated with TE

	Discussion
	Study limitations

	Conclusions
	References


