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Target Audience: Cardiologists, radiologists and imaging scientists interested in inherited cardiovascular diseases, fibrosis characterization, pattern 
recognition and computer-aided diagnosis. 

Purpose: Hypertrophic cardiomyopathy (HCM) is the most common inherited cardiomyopathy. Early diagnosis and accurate risk profiling are 
essential to identify patients at increased risk of sudden cardiac death namely due to arrhythmias (SCD) [1]. With the exception of a previous history 
of resuscitated cardiac arrest, current risk factors to stratify high risk HCM patients have a low positive predictive value (<20%) [2] in terms of 
predicting who is at risk of SCD and will benefit from prophylactic implantable cardioverter defibrillator (ICD) placement [3].  Late gadolinium 
enhanced (LGE) MRI plays a central role to assess myocardial replacement fibrosis in HCM, which is considered a substrate for arrhythmias. The 
heterogeneous pathological substrates in HCM (i.e. replacement fibrosis, interstitial fibrosis and myofiber disarray) originate a spectrum of  patchy  
patterns of LGE, but the presence of enhancement is variable, even in areas of hypertrophied myocardium [4]. Computer-aided techniques such as 
texture analysis may provide clinicians with an objective means of describing the degree of myocardial heterogeneity in HCM. It has recently been 
shown that even normal-appearing myocardium (ie. non-hypertrophic, non-fibrotic) in HCM patients demonstrates increased gray-level and run-
length non-uniformity (GLNU and RLNU) compared with that of matched, healthy volunteers [5]. We hypothesized that LGE texture features can 
differentiate between HCM patients considered at high risk of SCD and those who are not.  

Methods:  We retrospectively identified 25 consecutive HCM patients from the Inherited Arrhythmia Clinic database who underwent MRI between 
2004 and 2014, including 7 who subsequently received an ICD (i.e. considered at high risk for SCD). In all cases, functional (bSSFP cine) and LGE 
(phase-sensitive inversion recovery spoiled GRE, 10-15 min post injection of 0.2 mmol/kg Gd-DTPA) images were acquired in short-axis orientation 
(SAO), as well as in one 4-chamber slice. We measured the maximum thickness on the end-diastolic cine frame in the 17 segments (AHA model). 
Segments measuring >15 mm on SSFP images were considered hypertrophic (H+). The presence of myocardial fibrosis was assessed on LGE images 
using the same AHA segments. Segments were categorized as fibrotic (F+) if > 20% of pixels were enhanced (>5 SD nulled myocardium). LGE 
image textural features (RLNU and GLNU [6]) were computed for each segment using MaZda version 4.6 (P.M. Szczypiński, Institute of 
Electronics, Technical University of Lodz, Poland) [7].  All measurements and texture analyses were performed by observers who were blinded to 
the risk stratification group of the patients. Differences in RLNU and GLNU among the segment groups (H+/F+, H+/F-, H-/F+ and H-/F-), and 
between patients with and without subsequent ICD placement were evaluated using two-factor ANOVA tests.  

Results: The number and proportion of the 425 segments corresponding to each group are 
summarized in Table 1. There were significantly more segments with fibrosis (F+) in the 
ICD group than in those who did not receive an ICD (P=0.03). Median and interquartile 
ranges for RLNU and GLNU textural features are depicted for patients with and without 
ICD placement (Figure 1). While both RLNU and GLNU were significantly increased in 
segments that were F+, regardless of hypertrophy or subsequent ICD placement (P<0.001 
for each), only RLNU was significantly increased in the normal appearing myocardium (H-
/F-) of patients with ICDs, compared to those who did not receive ICDs (P<0.0001 for 
RLNU; P=0.63 for GLNU).  

 No ICD  ICD  P* 
Segments, N (%) 306 (72%) 119 (28%)  

H+ 69 (23%) 32 (27%) 0.37 
F+ 68 (22%) 39 (33%) 0.03 

H+/F+ 16 (5%) 16 (13%) 0.01 
H+/F- 53 (17%) 16 (13%) 0.38 
H-/F+ 52 (17%) 23 (19%) 0.57 
H-/F- 185 (60%) 64 (54%) 0.23 

 

TABLE 1: Proportion of segments in the No ICD 
and ICD groups. *Fisher’s exact test. 

Discussion:  As in previous work [5], RLNU and 
GLNU appear elevated in fibrotic HCM myocardium. In
addition, RLNU features related to LGE heterogeneity
in HCM appear increased even in normal-appearing 
myocardium of patients who are considered to be at high 
risk for SCD.  
 
Conclusion: Textural features related to enhancement
heterogeneity appear elevated in patients with HCM. 
These features show potential as markers of
cardiomyopathy among HCM patients, and for risk 
stratification in HCM patients. Future work should 
evaluate textural patterns in subgroups of HCM patients,
namely those who are genotype positive, yet phenotype
negative, as well as in “phenocopies” such as amyloid, 
athlete’s heart, or metabolic storage diseases (e.g., 
Anderson-Fabry disease). 
 
References:  
 

 
FIGURE 1: Box and whisker plots indicating median and interquartile ranges for run-
length (a), and gray-level non-uniformity (b) features for patients with and without ICD 
implantation. 
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