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Abstract. – OBJECTIVE: The study aimed to 
evaluate the correlation between myocardial fi-
brosis and ejection fraction (EF) in dilated car-
diomyopathy (DCM) by magnetic resonance T1 
mapping.

PATIENTS AND METHODS: For this study, 
48 patients with DCM and 24 healthy volunteers 
from 2015 to 2017 were included. All participants 
were examined by 3.0T cardiovascular magnetic 
resonance (CMR), and T1 mapping images were 
obtained using the MOLLI sequence. MATLAB 
software was used to extract the histogram pa-
rameters of the T1 mapping images, including 
five groups of percentiles, kurtosis coefficient, 
skewness coefficient, variance, and mean. The 
EF value was calculated based on short-axis 
cine cardiac images, and a Pearson’s coefficient 
between T1 mapping parameters and the EF val-
ue was calculated.

RESULTS: The T1 mapping histogram param-
eters, such as the mean, variance, maximum, 
and 10, 25, 50, 75, and 90 percentiles of DCM 
patients were significantly higher than those of 
the controls. The differences were statistically 
significant (p < 0.05). The EF of DCM patients 
was significantly lower than that of the con-
trols, and the difference was statistically sig-
nificant (p < 0.05). The T1 mapping parameters, 
such as the mean, variance, maximum, and per-
centiles, were significantly negatively correlat-
ed with EF.

CONCLUSIONS: T1 mapping is helpful in di-
agnosing myocardial fibrosis, particularly dif-
fuse myocardial fibrosis in DCM, and T1 map-
ping parameters are significantly negatively cor-
related with EF.
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Introduction

Dilated cardiomyopathy (DCM) is a type of 
cardiomyopathy characterized by cardiomyocyte 
degeneration and interstitial fibrosis. Its incidence 
in adults is higher in males than in females1-4. 
Myocardial fibrosis leads to changes in left and 
right ventricular myocardial stiffness and is as-
sociated with systolic and diastolic heart failure5. 
Histologic results have shown that diffuse myo-
cardial fibrosis often occurs in DCM. At pres-
ent, late gadolinium-enhanced (LGE) images are 
commonly used to display myocardial fibrosis6. 
However, LGE does not display a good image of 
diffuse myocardial fibrosis. T1 mapping is a new 
technique for evaluating myocardial fibrosis be-
yond delayed enhancement7,8. Some research has 
shown that T1 mapping is helpful in diagnosing 
diffuse myocardial fibrosis9.

In this study, histograms of T1 mapping were 
analyzed, and the Pearson’s correlation coefficient 
between the histogram parameters and EF value 
was calculated to investigate the clinical value of 
T1 mapping in the diagnosis of myocardial fibro-
sis in DCM, as well as the correlation between T1 
mapping histogram parameters and EF.

Patients and Methods

Patients
From March 2015 to July 2017, 48 patients with 

DCM who underwent cardiovascular magnetic 
resonance (CMR) examination in our hospital 
were enrolled in the present study and included 
in the observation group (DCM group), and 24 
healthy volunteers were recruited as the healthy 
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control (HC) group. The volunteers had no med-
ical history of chest distress, shortness of breath, 
fatigue, or other symptoms within six months 
prior to the start of the study, and no abnormali-
ties were found in electrocardiogram (ECG) and 
color Doppler echocardiography. All participants 
underwent a routine 3.0T CMR examination. The 
present study met the Declaration of Helsinki 
requirements of the World Medical Association 
and was approved by the Ethics Committee of 
our Hospital, approval No. 2015-16. All patients 
provided signed informed consent.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) patients with a definite 

diagnosis of DCM, (2) patients aged >18 years, 
(3) the quotient of the minimum inner diameter 
of left ventricle divided by body surface area was 
more than 2.7 cm/m2, and (4) the EF value was 
<45%. Exclusion criteria: (1) patients with cor-
onary atherosclerotic heart disease, (2) patients 
with valvular heart disease, (3) patients with 
pulmonary heart disease, and (4) patients with 
incomplete case data.

Magnetic Resonance Inspection
A Siemens Skyra (3.0T) magnetic resonance 

imaging system with body coils (16-channel) 
was used for CMR imaging. During the imaging 
process, four MRI-compatible electrodes were 
pasted between the right first and second and 
the left fifth and sixth ribs of the subjects. ECG 
signals were collected to trigger the scanning 
at a specific time. Scan sequences included the 
following: 1) half-Fourier acquisition single-shot 
turbo spin-echo (HASTE) sequence; 2) true-FISP 
sequence; and 3) cine sequence: repetition time 
(TR) = 45.64 ms, echo delay time (TE) = 1.43 ms, 
Flip angle = 80°, slice thickness = 8 mm, the scan 
scope included long-axis two-chamber heart, 
three-chamber heart, four-chamber heart and 
8-10 short-axis layers; 4) modified Look-Locker 
inversion recovery (MOLLI) sequence: TR = 
324.96 ms, TE = 1.12 ms, Flip angle = 35°, slice 
thickness = 8 mm, T1 mapping image covered 
two-chamber heart, three-chamber heart, and 
four-chamber heart layers, and three short-axis 
layers of the base, middle part, and apex of the 
heart; 5) LGE scanning, using phase-sensitive in-
version recovery sequence: TR = 643 ms, TE = 2 
ms, Flip angle = 20°, slice thickness = 8 mm, TI = 
300 ms. The contrast agent used was gadolinium 
diethylenetriaminepentaacetic acid (Gd-DTPA) 
at a dose of 0.2 mmol/kg. At ten minutes after 

injection of the contrast medium, image data of 
long-axis and short-axis layers were collected 
layer by layer. Healthy volunteers were not in-
jected with the contrast agent and did not undergo 
LGE scanning. Only scanning of the first four 
items was conducted.

Histogram Analysis
Histogram analysis is an effective texture 

analysis method. Through programming (using 
MATLAB software), the endocardium and epi-
cardium of the myocardium were outlined, and 
the T1 value of each pixel in the myocardium was 
extracted. Following this, 11 histogram parame-
ters were calculated according to the distribution 
of the T1 value, including five percentiles (10, 25, 
50, 75, and 90 percentiles), the minimum value, 
mean value, maximum value, skewness coeffi-
cient, kurtosis coefficient, and variance.

Statistical Analysis
Data were analyzed using statistical software 

SPSS 20.0 (IBM, Armonk, NY, USA). Measure-
ment data were expressed as mean ± standard 
deviation (x ± SD), and count data were expressed 
as a percentage (%). The normality of variables 
was tested using a W-test. The homogeneity of 
variance was tested using an F-test. The gender 
distribution was compared between the DCM 
group and the HC group using an independent 
sample t-test. Continuous features and histogram 
parameters were compared between the DCM 
group and the HC group. Means were compared 
among multi-groups using a one-way analysis 
of variance (ANOVA), and a post-hoc test was 
conducted using the least significant difference 
(LSD). A Pearson’s correlation analysis was con-
ducted to evaluate the correlation between T1 
mapping histogram parameters and EF in the 
DCM group. Non-normally distributed means 
or normally distributed means with heterogene-
ity of multiple samples were evaluated using a 
non-parametric test. Count data were evaluated 
using a Chi-square test, and p < 0.05 was consid-
ered statistically significant.

Results

General Data
A total of 72 subjects were included in this 

study, including 48 DCM patients and 24 healthy 
volunteers. The patients in the DCM group in-
cluded 38 males and ten females, and the average 
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age was 47.40 ± 13.83 years. The volunteers in 
the HC group included 38 males and ten females, 
and the average age was 47.67 ± 13.15 years. 
The differences in age and gender between the 
two groups were not statistically significant (p > 
0.05). The EF was 21.75 ± 9.31 in the DCM group 
and 55.22 ± 7.39 in the HC group. The EF value 
was significantly lower in the DCM group than in 
the HC group, and the difference was statistically 
significant (p < 0.05; Table I and Figure 1).

Histogram Parameters
In the present study, the 11 histogram param-

eters measured included the following: five per-
centiles (10, 25, 50, 75, and 90) and the minimum, 

mean, maximum, skewness coefficient, kurtosis 
coefficient, and variance. The differences in the 
five percentiles, mean, maximum, and variance 
between the DCM group and HC group were 
statistically significant (p < 0.05).

After enhancing the LGE images, the DCM 
group was divided into two subgroups: LGE (+) 
subgroup (n = 33) and LGE (−) subgroup (n = 
15). The differences in the mean, variance, max-
imum, and five percentiles between the LGE (+) 
subgroup and the HC group, as well as between 
the LGE (−) subgroup and the HC group, were 
statistically significant (p < 0.05). The differ-
ences in the minimum, kurtosis coefficient, and 
skewness coefficient were not statistically sig-

Table I. The general data of the two groups.

	 DCM group	 HC group	 χ2/t	 p

N	 48	 24		
Age (Year)	 47.40 ± 13.83	 47.67 ± 13.15	 0.08	 0.94
Gender (Male/Female)	 38/10	 14/10	 3.46	 0.06
Height (m)	 1.69 ± 0.08	 1.67 ± 0.09	 -0.95	 0.35
Weight (kg)	 75.51 ± 22.58	 69.21 ± 12.49	 -1.52	 0.13
EF	 21.75±9.31	 55.22±7.39	 15.34	 < 0.01

Note: DCM: dilated cardiomyopathy; HC: healthy control; EF: ejection fraction.

Figure 1. 1A, 1B, and 1C indicate patients with DCM. 1A shows the T1 mapping image of the middle ventricle, 1B shows 
the endocardium and epicardium, and 1C shows the myocardial histogram. 2A, 2B, and 2C refer to the healthy volunteers. 2A 
shows the T1 mapping image of the middle ventricle, 2B shows the endocardium and epicardium, and 2C shows the myocardial 
histogram.
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nificant (p > 0.05). The difference in the max-
imum between the LGE (+) subgroup and LGE 
(−) subgroup was statistically significant (p < 
0.05), though the differences in other parame-
ters were not statistically significant (p > 0.05). 
Compared with the control group, the EF values 
of the LGE (+) and LGE (−) subgroups were 
significantly lower, and the difference was sta-
tistically significant (p < 0.05). The difference 
in the EF value between the LGE (+) subgroup 
and LGE (−) subgroup was not statistically sig-
nificant (p > 0.05; Table II).

Correlation Between Histogram 
Parameters and EF

The results revealed that the mean, variance, 
maximum, and 10, 25, 50, 75, and 90 percen-
tiles were negatively correlated with the EF. The 
correlation coefficients were −0.546 (p < 0.05), 
−0.380 (p < 0.05), −0.580 (p < 0.05), −0.387 (p 
< 0.05), −0.502 (p < 0.05), −0.564 (p < 0.05), 
−0.583 (p < 0.05), and −0.562 (p < 0.05). The 
minimum, kurtosis coefficient, and skewness co-
efficient were not significantly correlated with EF.

Discussion

Impaired heart function is an important clin-
ical index of DCM. CMR is increasingly being 
used in the diagnosis of heart disease and has 
gradually developed into the gold standard for 
EF measurements. It has been shown to aid in 
the differential diagnosis of myocardial diseas-
es10-12. As the most representative index of car-

diac function, EF plays an important role in the 
diagnosis of DCM. MRI T1 mapping technology 
has been widely used in the examination of heart 
disease. A large amount of research suggests 
that T1 mapping is helpful in the diagnosis of 
diffuse myocardial fibrosis13,14. Medical images 
tend to have an irregular texture that cannot be 
readily observed by the human visual system15. 
As a common method of texture analysis, histo-
gram analysis can reflect the rule of distribution 
of different gray levels in the image, and as such, 
plays an important role in medical image anal-
ysis. Choi et al. revealed that ADC histogram 
analysis could be used in chemotherapy evalu-
ation of rectal cancer16. In the past two years, 
scholars have conducted texture analyses of T1 
mapping and T2 mapping. Yu et al17 showed that 
numerous texture feature parameters could be 
used to identify liver fibrosis of varying degrees; 
therefore, texture analysis based on T1 mapping 
and T2 mapping has the potential to assess liver 
fibrosis noninvasively. Joseph et al18 revealed 
that T2 values were significantly higher in the 
high-risk group than in the control group, and 
T2 mapping texture feature parameters were 
correlated with histomorphology. T1 mapping 
histogram analysis is used in DCM for the first 
time. The present study provides novel results in 
this regard. This study discussed the diagnostic 
value of T1 mapping in DCM myocardial fibro-
sis and evaluated the correlation between T1 
mapping histogram parameters and EF.

Diffuse myocardial fibrosis is common in 
patients with DCM. Fibrosis can cause an in-
crease in the myocardial T1 value. In this study, 

Table II. The histogram parameters and EF value of the two groups.

			                                   DCM group
			 
	 Index	 HC group	 LGE (+)	 LGE (-)	 F	 p
				  
Mean	 1281.28 ± 50.15	 1285.12 ± 61.08	 1211.39 ± 41.32	 16.25	 < 0.01
Maximum	 1563.29 ± 83.74	 1618.83 ± 102.15	 1439.88 ± 62.74	 26.11	 < 0.01
Minimum	 1006.03 ± 135.41	 974.79 ± 92.57	 1007.09 ± 73.76	 0.50	 0.61
SD	 81.93 ± 21.43	 92.62 ± 20.88	 70.00 ± 14.61	 6.59	 < 0.01
Kurtosis	 4.48 ± 1.48	 4.62 ± 1.91	 4.01 ± 1.78	 0.77	 0.47
Skewness	 0.06 ± 0.50	 0.05 ± 0.36	 0.02 ± 0.47	 0.32	 0.73
P10	 1179.71 ± 59.08	 1167.92 ± 56.78	 1121.72 ± 47.87	 8.00	 < 0.01
P25	 1231.04 ± 50.30	 1231.34 ± 58.69	 1168.44 ± 42.56	 12.70	 < 0.01
P50	 1282.18 ± 48.37	 1289.01 ± 62.75	 1213.51 ± 39.42	 16.80	 < 0.01
P75	 1331.54 ± 52.77	 1341.82 ± 68.00	 1254.12 ± 41.69	 18.71	 < 0.01
P90	 1379.43 ± 60.17	 1393.68 ± 76.02	 1296.12 ± 47.20	 17.44	 < 0.01
EF	 21.80 ± 9.52	 21.62 ± 9.18	 55.22 ± 7.39	 116.02	 < 0.01

Note: DCM: dilated cardiomyopathy; HC: healthy control; LGE: late gadolinium-enhanced; EF: ejection fraction.
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the mean of the T1 value in the DCM group 
increased significantly with myocardial fibrosis. 
The increase in the T1 value was related to the 
degree of fibrosis. The statistically significant 
differences in the 10 and 25 percentiles indicate 
that histogram analysis can potentially be used 
to detect mild fibrosis. The standard deviation 
(SD) reflects the dispersion of data. In this study, 
due to the irregular distribution of myocardi-
al fibrosis, the distribution of T1 in the DCM 
group was more scattered; therefore, the SD 
in the DCM group increased significantly. The 
mean, maximum, variance, and 10, 25, 50, 75, 
and 90 percentiles were significantly higher in 
the LGE (+) and LGE (−) subgroups than in the 
HC group. The difference in maximum between 
the LGE (+) subgroup and LGE (−) subgroup 
was statistically significant (p = 0.03), and there 
was no statistical difference in other parameters. 
Despite the enhancement in the LGE images, 
some T1 mapping histogram parameters of the 
DCM group differed significantly from those of 
the HC group. The results suggest that the T1 
mapping technique is more sensitive to myo-
cardial fibrosis and represents a novel diagnosis 
method for patients who cannot be injected with 
a contrast agent.

The degree of myocardial fibrosis is related to 
the systolic and diastolic motility19,20. The results 
of the present study revealed that the differences 
in EF between the LGE (+) subgroup and HC 
group, as well as between the LGE (−) subgroup 
and HC group were statistically significant, while 
the difference in EF between the LGE (+) and 
LGE (−) subgroups was not statistically signifi-
cant. These results are consistent with the results 
reported by Neilan et al21. The mean, variance, 
maximum, 10, 25, 50, 75, and 90 percentiles were 
negatively correlated with EF. The present study 
findings suggest that diffuse myocardial fibrosis 
mainly causes a decrease in EF in DCM patients, 
and is less affected by focal fibrosis.

This study had the following limitations: first, 
this study was a single-center clinical trial, and 
the included sample size was small. Therefore, 
multi-center clinical trials with larger sample 
sizes are needed. Second, the T1 value of myocar-
dial tissue changes significantly before and after 
injection of a contrast agent, and the changes in 
T1 and the difference between the DCM group 
and HC group were not analyzed after injection 
of the contrast agent in this study. Last, DCM 
has different manifestations in different periods 
and has similar characteristics to other heart 

diseases. However, this study did not conduct a 
comparative identification. Further research on 
this subject is needed in the future.

Conclusions

We showed that T1 mapping technique is help-
ful in diagnosing myocardial fibrosis, particular-
ly diffuse myocardial fibrosis in DCM, and T1 
mapping parameters are significantly negatively 
correlated with EF.
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