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ABSTRACT

Objectives: To investigate the diagnostic accuracy of the current criterion, noncompacted-to-compacted (NC/C) wall ratio > 2.3 on 
cardiac magnetic resonance imaging (CMRI) for the diagnosis of left ventricular noncompaction (LVNC).
Materials and Methods: We retrospectively enrolled 37 patients as an LVNC group and a total of 97 participants with ischemic, 
hypertrophic, and dilated cardiomyopathy and healthy controls as a control group. The NC/C ratio was measured perpendicularly 
on short-axis cine images for segments 1-16 and four-chamber cine images for the apex during the end-diastole. The sensitivity, 
specificity, and diagnostic accuracy of NC/C ratio > 2.3 for the diagnosis of LVNC were calculated.
Results: LVNC patients comprised 24 males (64.8%) and 13 females (35.2%) with the mean age of 29.24 ± 11.79 years. The NC/C ratio 
> 2.3 detected in all but one of the LVNC patients (97.3%). On the other hand, the specificity of NC/C ratio > 2.3 was 79.4% for the 
diagnosis of the LVNC patients. Using NC/C ratio > 2.66 and > 2.8 yielded 91.9% sensitivity and 97% specificity, and 81% sensitivity 
and 100% specificity, respectively.
Conclusion: NC/C ratio > 2.3 might lead to overdiagnosis of LVNC. We suggest using higher NC/C cut-off value in individuals 
without high clinical suspicion of LVNC.
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1. INTRODUCTION

Left ventricular noncompaction (LVNC) is a type of 
cardiomyopathy with an estimated prevalence ranging from 
0.014% to 0.17, and up to 1.3% [1-3]. LVNC is currently 
recognized as “unclassified cardiomyopathy” by the European 
Society of Cardiology while the American Heart Association 
classified the disease as “distinct cardiomyopathy” [4,5]. Several 
genetic and environmental factors have been identified as 
the risk factors for LVNC development; however, the precise 
mechanisms leading to LVNC remains poorly understood [6-8]. 
The disease is principally delineated by increased endocardial 
trabeculations, deep intertrabecular recesses communicating 
with the left ventricular cavity, and thin compacted myocardium 
[9]. LVNC manifests with a heterogeneous clinical spectrum 
ranging from systemic thromboembolism, arrhythmia, and 
heart failure to asymptomatic course for a lifetime [10]. 
Echocardiography is a first-line imaging modality in case of 
LVNC suspicion whereas cardiac magnetic resonance imaging 
(CMRI) is being increasingly employed for the diagnosis of LVNC 
given to its higher spatial and contrast-resolution, multiplanar 
imaging capability, and higher inter-observer variability 

[9,11,12]. Various diagnostic criteria have been proposed for 
the diagnosis of LVNC on CMRI. Petersen et al., introduced 
a practical semi-quantitative criterion, noncompacted-to-
compacted (NC/C) myocardium threshold ratio > 2.3 at end-
diastole on CMRI for the diagnosis LVNC [12]. Despite it is 
being extensively used in daily practice owing to its practicality 
and high inter-observer variability, several authors have raised 
concerns regarding the reliability of Petersen’s criteria [13,14]. 
Much of the debate has gathered around the specificity of the 
approach, and several authors claimed that using NC/C > 2.3 
might lead to overdiagnosis of LVNC [13,14].
The aim of the study was twofold: (1) to test the diagnostic 
accuracy of the criterion, NC/C wall threshold ratio > 2.3 on 
CMRI for the diagnosis of LNVC, and (2) to explore whether a 
refined cut-off value with higher diagnostic accuracy could be 
established on CMRI.

2. MATERIALS and METHODS 

The Institutional Ethics Committee of Istanbul Mehmet Akif 
Ersoy Thoracic and Cardiovascular Surgery Research and 
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Training Hospital approved (registration number 2017-34) 
this retrospective study conducted between January 2018 
and May 2019 and waived the need for informed consent for 
the investigation and presentation of deanonymized medical 
data. We retrospectively evaluated our picture and archive 
communicating system (PACS, ExtremePacs, Ankara/Turkey) 
to identify patients scheduled for CMRI examination on a 
provisional diagnosis of LVNC. The diagnosis of LVNC was 
established according to the recommendation of Jenni et al. 
[9] on echocardiographic imaging. To enhance the reliability 
of LVNC diagnosis, we have implemented several additional 
clinical and imaging criteria, and patients had to meet at 
least one of these criteria to be included in the final LVNC 
cohort: (1) having one first-degree relative with a diagnosis 
of LVNC, (2) having associated neuromuscular disorder, (3) 
having ventricular tachyarrhythmia detected on 24-hours 
Holter examination, (4) history of systemic thromboembolic 
events, and (5) appearance of distinct double layered ventricle 
composed of NC/C on CMRI [ 9, 10, 15,16]. We did not use 
the criterion introduced by Petersen et al. since the primary 
purpose of the current work was to test the diagnostic value 
of the criteria [12]. Exclusion criteria for LVNC cohort were: 
(1) having a diagnosis of coronary diseases, (2) having a 
diagnosis of other cardiomyopathies, and (3) having congenital 
heart disease. As control group, potential mimickers such as 
hypertrophic cardiomyopathy (HCM), dilated cardiomyopathy 
(DCM), and ischemic cardiomyopathy and healthy controls 
without any ischemic, valvular, autoimmune disease or known 
cardiomyopathy were included in the present work. 

CMRI acquisition

All MRI studies were acquired with a 1.5 T scanner (Aera, 
Siemens Medical Systems, Enlargen/Germany). All CMRI 
acquisitions were performed using phased-array body coils. All 
of the sequences were acquired using prospective cardiac gating. 
Our CMRI protocol in the order of first to latest consisted of 
breath-hold black-axial blood fast spin-echo (SE), multiple 
breath-hold long-axis four-chamber, long axis two-chamber, 
and a 9-12 stack of short axes cine images breath-hold using 
balanced steady-state free precession imaging (SSFP). The 
parameters for SSFP cine images were: TR/TE = 3.8/1-3 ms, slice 
thickness = 5 mm with 5 mm interslice gap, temporal resolution 
= 35 m.

Image Analysis

The CMRI images of the patients were retrieved from our 
hospital picture archiving and communicating system (PACS, 
ExtremePacs system, Ankara/Turkey).
A single radiologist (D.A) with over four years of CMRI 
interpretation experience assessed all the CMRI images. 
First, the observer assessed the left ventricular functions by 
calculating ejection fraction (EF) using modified Simpson’s 
method on short-axis cine images with the software (ARGUS, 
Siemens, Erlangen/Germany). The observer semi-automatically 
traced the endocardial and epicardial borders as demonstrated 
in several previous works [9,11,12]. The left ventricular 

myocardium divided into 17 segments as six regions at the basal 
level, six regions at the midventricular level, four regions at apical 
level, and apex according to the American Heart Association 
segmentation model for the left ventricle [17].
The NC/C myocardium was perpendicularly measured on 
short-axis cine images for segments 1-16 and measured on four-
chamber cine images for segment 17, as recommended in the 
previous works [15]. All measurements were performed at end-
diastole using digital clippers. The segment, which the maximum 
ratio was achieved was determined, and the maximum NC/C 
myocardium ratio was noted for each patient. The maximum 
ratios of NC/C myocardium were separately calculated for 
segments 1-16 and segment 17. Figure 1 shows measurement of 
NC/C ratio in a LVNC patient.

Figure 1. Short-axis cine images of a patient with myocardial noncom-
paction show deep trabecular recesses, double layer appearance in seg-
ment 7,8 (a) and 13,14,15 (b). The maximum NC/C ratio was measured 
as 11,23 in segment 14 in this patient.

Statistical analyses

Statistical analyses were performed using the SPSS software 
version 21. The variables were investigated using Kolmogorov-
Simirnov test to determine whether or not they were normally 
distributed. Descriptive analyses were presented using means 
and standard deviations for normally distributed variables and 
median and interquartile ranges for non-normally distributed 
variables. The Chi-square test was used to compare proportions 
of mitral regurgitation, and gender between two groups. 
Patients were classified using the cut-off value for NC/C ratio 
> 2.3. LVNC patients with NC/C > 2.3 were accepted as true 
positive (TP) cases, while LVNC patients with NC/C < 2.3 
were accepted as false negative (FN) cases. In control group, 
participants with NC/C > 2.3 were accepted as false positive 
(FP), while participants with NC/C < 2.3 were accepted as true 
negative (TN). The sensitivity was calculated as TP / (TP + FN), 
the specificity was calculated as TN/ (TN + FP), and diagnostic 
accuracy was calculated as (TP +TN)/ (TP+TN+FP+FN). 
The segments with NC/C ratio > 2.3 in LVNC patients were 
demonstrated using visual graphs according to the American 
Heart Association segmentation model for the left ventricle. The 
proportion of segments with NC/C wall ratio > 2.3 in LVNC 
group and controls were compared using Man-Whitney-U 
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test. A P value of less than 0.05 was used to infer statistical 
significance.

3. RESULTS

Consecutive 37 patients with LVNC, 24 males (64.8%) and 13 
females (35.2%), with a mean age of 29.24 ± 11.79 years were 
enrolled in the final study cohort. The control group consisted 
of 21 patients with ischemic cardiomyopathy, 21 patients 
with HCM, 38 healthy controls, and 17 patients with dilated 
cardiomyopathy. The mean age of LVNC patients, healthy 
controls, and DCM patients was comparable (p>0.05) while 
the mean age patients with ischemic cardiomyopathy and 
HCM exceeded the mean age of LVNC patients (p<0.0001). 
The detailed CMRI findings of each group are listed in table I. 
Figure 2 shows the NC/C wall ratio of each group using violin 
plot graphs. 

Figure 2. Violin-plot graph shows the NC/C ratio of each group

For the whole study cohort, a total of 56 patients had NC/C wall 
ratio > 2.3. Among 56 patients, 8 patients had 1 segment (14.3%), 
16 had 2 segments (28.6%), 13 had 3 segments (23.2%), 7 had 
4 segments (12.5%), and 12 had 5 segments or more (18.4%) 
with NC/C wall ratio > 2.3. In LVNC patients, 36 patients had 
NC/C wall ratio > 2.3. In LVNC group, non of the patients had 
1 segment with NC/C wall ratio > 2.3, while 5 patients had 2 
segments (13.9%), 12 had 3 segments (33.3%), 7 had 4 segments 
(19.4%), and 12 had 5 segments or more (33.4%) with NC/C 
wall ratio > 2.3. Notably, in control group, among 20 patients 
with NC/C wall ratio > 2.3, 8 patients had 1 segment (40%), 
11 had 3 segments (55%), and 1 had 3 segments (5%) with 
NC/C wall ratio > 2.3. No patients in the control group had 4 
or more segments with NC/C wall ratio > 2.3. The proportion 
of the segments with NC/C wall ratio > 2.3 in LVNC group was 
statistically higher compared with the control group (p<0.0001). 
Figure 3 shows the segments with NC/C ratio > 2.3 for LVNC 
patients using a bull-eye graph. 

Table I. CMRI findings of LVNC patients and control group and 
diagnostic metrices of different cut-off values for LVNC

Variables LVNC 
(n=37)

Ischemic 
cardiom-
yopathy

(n=21)

HCM 
(n=21)

Healthy 
controls

(n=38)

DCM

(n=17)

Age (years) 29.24 ± 
11.79

57.76 ± 
13.17

46.95 ± 
17.01

25.13 ± 
7.61

33.88 ± 
17.12

Gender
Male 24 

(64.8%)
13 
(61.9%)

12 
(57.1%)

27 
(71.1%)

10 
(58.8%)

Female 13 
(35.2%)

8 (38.1%) 9 
(42.9%)

11 
(28.9%)

7 
(41.2%)

Noncompacted myocardium 
(mm)

12.59 ± 
1.15

9.17 ± 
2.22

9.19 ± 
8.80

7.54 ± 
2.16

10.65 ± 
3.1

Compacted myocardium 
(mm)

3.72 ± 
0.73

6.01 ± 
1.84

7.33 ± 
2.49

6.48 ± 
2.26

5.05 ± 
1.18

Noncompacted-to-
compacted myocardium 

3.42 ± 
0.69

1.60 ± 
0.48

1.32 ± 
0.53

1.77 ± 
0.57

2.11 ± 
0.48

Ejection fraction (%) 48.45 ± 
9.69

39.04 ± 
6.20

70.09 ± 
5.56

62.57 ± 
3.25

35.52 ± 
8.36

Noncompacted-to-
compacted myocardium >2.3
Yes 36 

(97.3%)
3 (14.3%) 2 

(9.5%)
6 
(15.8%)

9 
(52.9%)

No 1 
(2.7%)

18 
(85.7%)

19 
(90.5%)

32 
(84.2%)

8 
(47.1%)

Noncompacted-to-
compacted myocardium 
>2.66
Yes 34 

(91.9%)
0 0 2 

(94.7%)
1 
(5.9%)

No 3 
(8.1%)

21 
(100%)

21 
(100%)

36 
(94.7%)

16 
(94.1%)

Noncompacted-to-
compacted myocardium >2.8
Yes 30 

(81.1%)
0 0 0 0

No 7 ( 
18.9%)

21 
(100%)

21 
(100%)

38 
(100%)

 1 
(100%)

LVNC=Left ventricular noncompaction, HCM=Hypertrophic cardiomyopathy, 
DCM=Dilated cardiomyopathy

The mean noncompacted myocardium was 12.59 ± 1.15 mm, 
and the mean compacted myocardium was 3.72 ± 0.73 mm in 
LVNC group. The mean NC/C ratio was 3.42 ± 0.69 ranging 
from 2.27 to 5.43 in LVNC patients. We identified no correlation 
between the NC/C and EF in LVNC. The cut-off threshold value 
> 2.3 was able to identify all but one LVNC patient (97.3%). In 
this patient, the NC/C ratio was 2.27, which was close to the cut-
off threshold value of > 2.3. Nevertheless, the LVNC diagnosis 
in this particular patient was verified by other clinical and 
echocardiographic findings. On the other hand, 20 of 97 (20.6%) 
patients in the control group had NC/C ratio > 2.3, which 
resulted in 79.4% specificity for the diagnosis of LVNC. Of these 
20 patients, 2 had HCM, 3 had ischemic cardiomyopathy, 6 were 
healthy controls, and 9 were DCM patients. To identify a cut-off 
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threshold value with higher specificity, receiver-operating curve 
(ROC) was implemented using the NC/C ratio as a test and 
having LVNC as a state variable (Figure 4). Using the cut-off 
threshold value of > 2.66 for the ratio for NC/C layer as a semi-
quantitative criterion resulted in 91.9% sensitivity and 97% 
specificity and the cut-off threshold value of > 2.8 resulted in 
81% sensitivity and 100% specificity (p>0.05) (Table I).

Figure 3. Bull-eye illustration shows the segments with NC/ C ratio > 
2.3 in LVNC patients

Figure 4. ROC curve analysis showing NC/C ratio > 2.3 in predicting 
the presence of LVNC in the whole study cohort

Additionally, the control group was further subclassified 
according to their diagnosis as ischemic heart disease (n=21), 
HCM (n=21), healthy controls (n=38), and DCM (n=17) to 
explore the diagnostic performance of the cut-off threshold 
value > 2.3 in discriminating LVNC patients comparing each 
subgroup. The subgroup analysis revealed that the cut-off 
threshold value of > 2.3 had the worst diagnostic accuracy in 
discriminating LVNC patients from DCM patients (81.4%) 

while had the best diagnostic accuracy in differing LVNC 
patients from HCM patients (94.8%). The cut-off threshold 
value of > 2.3 showed diagnostic accuracy of 90.6% with 
excellent sensitivity (97.3%) despite relatively lower specificity 
(84.2%) in discriminating LVNC patients from healthy controls. 
Table II depicts the detailed diagnostic metrices of the cut-off 
threshold value of > 2.3 in discriminating LVNC patients from 
other subgroups.

Table II. The diagnostic performances of cut-off threshold value > 2.3 
in discriminating LVNC vs. each study subgroup.

Conditions Sensitivity Specificity NPV PPV Diagnostic 
accuracy

LVNC vs. ischemic 
heart disease 97.3%  85.7% 94.7% 92.3% 93.1%

LVNC vs. HCM 97.3%  90.5% 95% 94.7%  94.8%
LVNC vs. healthy 
controls 97.3%  84.2% 97%  85.7%  90.6%

LVNC vs. DCM  97.3%  47.1% 88.9%  80%  81.4%
LVNC vs. Whole 
study cohort  97.3%  79.4% 98.7%  64.3%  86.5%

LVNC= Left ventricular noncompaction, HCM=Hypertrophic cardiomyopathy, 
DCM= Dilated cardiomyopathy, 
NPV = Negative predictive value, PPV = Positive predictive value

4. DISCUSSION

The findings of the present study indicated that utilizing NC/C 
wall threshold ratio > 2.3 as recommended by Petersen et al. 
had excellent diagnostic sensitivity reaching up to 97.3%, yet 
had rather a low specificity (79.4%), hence, suggesting that it 
might lead to overdiagnosis. Notably, 6 of 38 healthy controls 
(15.8%) in the present work had NC/C wall ratio > 2.3. We 
identified two different cut-off threshold values for NC/C ratio 
for the diagnosis of LVNC, 2.66 and 2.8, which resulted in 91.9% 
sensitivity and 97% specificity and 81% sensitivity and 100% 
specificity, respectively. 
In 2005, Petersen et al., introduced a cut-off value for the 
diagnosis of LVNC, NC/C wall ratio > 2.3 by appraising 177 
individuals with and without cardiac disease [12]. The cut-off 
value yielded excellent specificity (99%) in their work, which 
was higher than the specificity value of 79.4% in the present 
work. Notably, we demonstrated higher sensitivity compared 
with their work (97.2% vs. 86%). The mean NC/C myocardium 
ratio identified in their study was substantially lower than the 
present work (3.0 ± 1.5 vs. 3.72 ± 0.73). However, the study by 
Petersen et al., substantially suffered from the fact that their 
study cohort only had seven patients with a diagnosis of LVNC 
[12]. Notwithstanding this limitation, this cut-off value gained 
popularity in clinical applications while also had been subjected 
to considerable criticism by many authors. The study by Boban 
et al., supported the reliability of the initial criteria proposed 
by Petersen et al., [12, 18] and also suggested measuring 
noncompacted myocardium blood flow using T2 sequences 
and geometric eccentricity of the ventricle as supplementary 
diagnostic markers on CMRI for the diagnosis of LVNC. Boban 
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et al., assessed the diagnostic value of NC/C threshold ratio > 
2.3 in 71 LVNC patients and 129 controls [18]. In their work, 
the cut-off threshold value revealed equal sensitivity (97.2%) 
and comparably higher specificity (96.3%) compared with the 
present study.
Contrarily, the authors of The Multi-Ethnic Study of 
Atherosclerosis (MESA) found that 140 of 323 healthy 
individuals (43%) had NC/C wall threshold ratio > 2.3 at least in 
one segment of the myocardium, and questioned the reliability 
of the cut-off value [13]. The authors suggested the re-evaluation 
of the criteria [13]. A further study by the MESA investigators 
showed that using NC/C threshold ratio >2.3 led to an incorrect 
diagnosis of LVNC in 706 of 2742 (25.7%) participants without 
any known cardiac disease [14]. Furthermore, only in the 
number of negligible patients, noncompacted myocardium 
headed to changes in left ventricular parameters over ten years 
[13,14]. Fazio et al., also questioned the over sensitivity of 
the NC/C wall threshold ratio and proposed to use > 2.5 cut-
off threshold value for the diagnosis of LVNC on CMRI [19]. 
Grofthoff et al., explored the reliability of the cut-off threshold 
value of 2.3 in their study that consisted of 12 patients with LVNC 
and 24 controls [15]. The authors demonstrated that NC/C ratio 
>2.3 had 100% sensitivity while 80% specificity, which was 
comparable with our findings [15]. The authors demonstrated 
that using the NC/C threshold ratio >3 yielded 100% sensitivity 
and 93% specificity [15]. In the present work, the determined 
cut-off threshold value, NC/C ratio > 2.66, resulted in 91.9% 
sensitivity and 97% specificity, which had higher specificity 
despite lower sensitivity than their study.
In line with the aforementioned works, the findings of the 
present work highlighted that using NC/C wall threshold ratio 
> 2.3 might lead to overdiagnosis of LVNC in an important 
amount of patients. The misdiagnosis of LVNC might cause 
severe and unnecessary burdens for the psychical and mental 
well-being of the individuals [20,21]. We suggest that NC/C wall 
threshold ratio > 2.3 should be used only in patients with a high 
clinical suspicion of LVNC, and in patients without any specific 
symptoms, echocardiographic or electrocardiographic findings 
suggesting LVNC, and the clinicians should keep in mind that 
using NC/C wall threshold ratio > 2.3 for the diagnosis of 
LVNC might result in overdiagnosis. In such instances, other 
proposed methods such as measuring trabeculated ventricular 
mass, fractal analyses, or higher cut-off values, which yielded 
higher specificity as proposed in the present work might be 
used [15,22,23]. Furthermore, the number of the segments 
with NC/C wall threshold ratio > 2.3 in LVNC patients was 
substantially higher than the control group in the current work. 
Notably, no patients in control group had 4 or more myocardial 
segments with NC/C wall ratio > 2.3, and only 1 patient had 3 
segments with NC/C wall ratio > 2.3. All other participants in 
the control group had only 1 or 2 segments with NC/C wall ratio 
> 2.3. Contrarily, with no LVNC patients had only 1 segment 
NC/C wall ratio > 2.3 and approximately 86% of LVNC patients 
meeting the diagnostic CMRI criteria had 3 or more segments 
with NC/C wall ratio > 2.3. Hence, we suggest that the number 
of the segments with NC/C wall ratio > 2.3 might be also 

beneficial in identifying LVNC. Nevertheless, we acknowledged 
that there is a pressing need to address the issue of overdiagnosis 
of LVNC by CMRI, and besides criteria relying solely on 
imaging modalities, diagnostic workflow combined with clinical 
and imaging data as proposed by several authors might also be 
beneficial to reduce the number of incorrect diagnoses.
Finally, some important limitations of this present work need to 
be viewed. First, and foremost, the retrospective nature of the 
study inherently limits the generalizability of our results. Second, 
there was a selection bias since the study and control cohort was 
derived from a tertiary referral center; hence, the cohort in the 
study might have differed from the general population in several 
aspects. Third, we had a relatively small number of patients with 
LVNC given to scarcity of the disease. Nevertheless, our sample 
size was higher than those of several similar works [12,15,19]. 
Fourth, we did not assess inter-observer variability of NC/C 
ratio measurements; however, previous studies demonstrated 
that this measurement technique had a good inter-observer 
reliability [16]. Finally, we did not investigate several other 
quantitative methods proposed for the diagnosis of LVNC 
[15,22-24].
In conclusion, using NC/C wall threshold ratio > 2.3 for the 
diagnosis of LVNC had excellent sensitivity, yet rather a low 
specificity. Our findings indicated that NC/C threshold ratio 
> 2.3 might lead to overdiagnosis of LVNC in the healthy 
population. Furthermore, using NC/C threshold ratio > 2.3 
might also lead to misdiagnosis of other cardiomyopathies, 
particularly DCM, as LVNC. Therefore, we suggest that using 
higher NC/C cut-off threshold values or integrating other 
measures such as measuring trabeculated ventricular mass, 
fractal analyses, or taking the number of the segments with 
NC/C wall ratio >2.3 might be implemented in daily clinical 
practice to avoid incorrect diagnoses. 
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