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Abstract
Background

To investigate the changes in deformation and myocardial microcirculation perfusion of left ventricular three-layer myocardium in patients with
dilated cardiomyopathy (DCM) by using speckle tracking imaging (STI) and myocardial contrast echocardiography (MCE).

Methods

Twenty-four patients with DCM and 19 healthy controls were selected. Two-dimensional and MCE dynamic images of apical four-chamber, two-
chamber, and three-chamber sections and left ventricular mitral valve, papillary muscle and apex sections were collected. The peak values of
longitudinal strain (LS), circumferential strain (CS), cross-sectional area of a microvessel (A) and average myocardial microvascular lesion (β)
were obtained by Qlab 10.8 workstation values, and myocardial blood �ow (MBF) was calculated with A×β to evaluate the deformation and
coronary microvascular perfusion of left ventricular three-layer myocardium.

Results

The brain natriuretic peptide (BNP), left ventricular mass index (LVMI), left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic
diameter (LVEDS), left ventricular end-diastolic volume (LVEDV), left ventricular end-systolic volume (LVESV), left atrial volume index (LAVI), E
peak in early diastolic period/A peak velocity in late diastolic period (E/A) and average E/e' in the DCM group were higher than those in the
control group (P < 0.05); left ventricular ejection fraction (LVEF), left ventricular fractional shortening (FS) rate, stroke volume (SV), cardiac output
(CO), cardiac index (CI), A peak, and the e' and a' velocities of both the lateral wall and interventricular septum were smaller than those in the
control group (P<0.05). The LS, CS, A, β, and A×β of the DCM group were all lower than those of the control group (P < 0.05). The pattern of
myocardial strain and perfusion among myocardial layers was subendocardial>middle>subepicardial. The correlation coe�cients of LS with A,
β, and A×β were -0.500, -0.279 and -0.190, respectively, and the correlation coe�cients of CS with A, β, and A×β were -0.383, -0.255 and -0.208,
respectively.

Conclusions

The deformation of the three-layer myocardium and coronary microcirculation perfusion in DCM patients were diffusely damaged from the
endocardium to the epicardium, layer by layer. The longitudinal function of the left ventricular myocardium was closely related to changes in
myocardial microcirculation perfusion.

1. Background
Dilated cardiomyopathy (DCM) is a primary cardiomyopathy without abnormal hemodynamic load (such as aortic stenosis, hypertension or
mitral regurgitation) and coronary artery disease, characterized by varying degrees of dilation of the left or both ventricles and myocardial
dysfunction[1], whose prevalence is approximately 1:250[2]. DCM is an important cause of sudden cardiac death (SCD) and heart failure (HF)[3],
which is the main indication for heart transplantation[4]. Some studies have shown that in addition to changes in cardiac structure and function,
the coronary microvascular system of DCM patients is also directly affected[5]; moreover, its dysfunction can cause regional myocardial
perfusion, wall motion and metabolic abnormalities of the left ventricle, and this is correlated with cardiac events[6]. Therefore, changes in
cardiac structure and function and evaluation of the coronary microvascular system in DCM patients are key issues in the process of clinical
diagnosis and treatment.

Echocardiography plays a fundamental and important role in the imaging diagnosis of DCM because of its noninvasive, safe, reliable and
convenient characteristics. The complete and feasible morphological and functional evaluation of DCM can be performed by observing the
severity of cardiac anatomy, pathophysiology and hemodynamics[7]. Speckle tracking imaging (STI) objectively quanti�es myocardial
deformation and left ventricular systolic and diastolic function by analyzing the movement of spots on conventional two-dimensional
echocardiography. The myocardial strain parameters measured by STI are sensitive indicators of the change in �ber length in the process of
ventricular contraction, which can be used to measure the mechanical function and deformation of the left ventricular myocardium in DCM
patients and evaluate the abnormality of myocardial function. Myocardial contrast echocardiography (MCE) is a noninvasive imaging
technique[8] that uses microbubbles that are completely con�ned to the coronary capillaries after intravenous administration to simulate
erythrocyte rheology, evaluate local myocardial microvascular perfusion and detect abnormal perfusion. It has high spatial and temporal
resolution, and it is easy to perform and repeat and free of radioactive contamination. The measured values of MCE and intracoronary Doppler
�ow in animals and humans have been reported to be the same[9] and can detect the capillary blood volume and evaluate the myocardial blood
�ow (MBF) through its time resolution. MCE has been widely used to evaluate microcirculatory dysfunction of the coronary artery[10].
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According to the shape of the myocardial bundle, the left ventricular wall is divided into oblique, annular and longitudinal layers. According to the
anatomy of the three-layer muscle band of the myocardium, the left ventricular myocardium can be divided into inner, middle and outer layers.
The strain can be measured to re�ect the true movement of the myocardium and detect incomplete myocardial injury of the left ventricle in the
early stage of the disease[11]. The microcirculation of the coronary artery is mainly composed of the anterior artery (diameter 100 ~ 500 µm),
arteriole (diameter < 100 µm), capillary and venule. Most arterioles, capillaries and venules run parallel to the longitudinal axis of myocardial
cells, which determines the main factors of coronary �ow. The arteriole is located in the heart muscle, and its resistance accounts for 55% of the
total resistance of coronary blood volume. The capillaries and veins are mainly volume vessels, accounting for approximately 90% of the heart
blood volume[12]. Therefore, the purpose of this study was to evaluate the changes in left ventricular three-layer myocardial deformation and
myocardial microcirculation perfusion in DCM patients by STI and MCE.

2. Methods

2.1 Study population
We selected 24 DCM patients who were hospitalized in the First A�liated Hospital of Xinjiang Medical University from March 2019 to October
2019, including 17 males and 7 females, with an average age of 44.08 ± 8.89 years and 19 healthy controls, including 13 males and 6 females,
with an average age of 41.79 ± 7.23 years. The inclusion criteria were left ventricular dysfunction (measured by the modi�ed Simpson’s method,
ejection fraction < 45%)[13] and normal coronary angiography. Patients with heart valve disease, congenital heart disease, hypertension, coronary
heart disease (acute coronary syndrome, vascular reconstruction history, any coronary artery stenosis > 50%), diabetes, thyroid disease, severe
arrhythmia and other cardiovascular diseases, chronic kidney disease (> stage 3 nephropathy), systemic or immune system disease history, and
poor image quality were excluded.

2.2 Conventional echocardiography
All subjects were examined by transthoracic echocardiography with Philips 7C color echocardiography and S5-1 phased array probe (frequency
1–5 MHz), and electrocardiograms were connected synchronously. Left atrial (LA) diameter, left ventricular end-diastolic diameter (LVEDD), left
ventricular end-systolic diameter (LVEDS), the thicknesses of the interventricular septum (IVS) and left ventricular posterior wall (LVPWs),
fractional shortening (FS), stroke volume (SV), and cardiac output (CO) were measured by M-mode ultrasound[14]; left ventricular end-diastolic
volume (LVEDV), left ventricular end-systolic volume (LVESV), left ventricular ejection fraction (LVEF), and left atrial volume (LAV) were measured
by the modi�ed Simpson's method. The left ventricular mass (LVM) was calculated by the Devereux formula[15]. The cardiac index (CI), left
ventricular mass index (LVMI) and left atrial volume index (LAVI) were standardized by body surface area (BSA). The ratio of mitral peak early
(E) and late (A) �lling velocity (E/A) were measured by pulsed-wave Doppler (PW) imaging of the mitral in�ow. PW of the mitral in�ow and tissue
Doppler imaging (TDI) of the mitral annulus at the septal and lateral points were performed. The average value of the mitral annular velocities
(e′) and the ratio of E and e′ (E/e′) were calculated[16].

2.3 2D-STE
Data from three-layer speckle tracking were analyzed o�ine using dedicated automated software (QLAB10.8 Philips Healthcare, Andover, MA).
The strain analysis from the four-chamber, two-chamber, and three-chamber views and the horizontal views of the left ventricular mitral valve
ori�ce, papillary muscle and apex were entered. Next, in 2-DMQ mode, the thickness was set to 0.25 cm, and the inner, middle and outer layers of
the abovementioned slices were outlined manually in sequence. The software can automatically track and contour the myocardium frame by
frame to form the corresponding region of interest (ROI). After each layer of the myocardium was automatically divided into 18 segments
according to different sections and levels, the longitudinal strain (LS) peak value and the circumferential strain (CS) peak value of each segment
in the three layers of the left ventricle could be obtained(Figure 1).

2.4 MCE
The infusion channel was opened by the median vein in the left elbow, and 2.4 ml of contrast was administered by slow intravenous injection
over a period of 2 min, followed by slow drip irrigation with 5-ml saline infusion. Meanwhile, we carried out continuous dynamic acquisition.
During the testing process, attention must be paid to whether the subjects have any adverse reactions, recording the time from the injection of
contrast into the left elbow median vein to the beginning of myocardial development with visual observation, observing the apical 4-chamber
and 2-chamber heart images, papillary muscle horizontal left ventricular short axis section, and the �lling of ultrasound microbubbles in the
heart chamber and myocardium. Periodically, ultrasonic emission with high mechanical index (�ash) was applied to break microbubbles in the
myocardium to observe myocardial reperfusion. At the same time, hemodynamic changes before and after contrast heart rate (HR), systolic
blood pressure (SBP), diastolic blood pressure (DBP) and resting oxygen saturation and adverse reactions were recorded to evaluate the safety
of SonoVue. The acquired dynamic image was played back after inspection, and the results were analyzed by 2 independent cardiac ultrasound
doctors. We obtained satisfactory left ventricular and myocardial visualization in all patients. After 8 ~ 40 (average of 12.23 ± 6.75) s of
intravenous injection, the left chamber was visible. In another 3 ~ 5 cardiac cycles, using a �ash with a high mechanical index, ultrasound
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fragmented the microbubbles after visualization of the left ventricular myocardium, allowing observation of the condition of myocardial
perfusion again[17]. We used 10.8 software for analysis, entered the ROI mode, selected (sampling volume 2.5-4 mm2) the ROIs of each segment
of the left ventricle, including the interventricular septum, anterior wall, lateral wall, inferior wall and posterior wall, and selected the gamma
variable. The software automatically displayed the �tting curve of myocardial perfusion intensity and time in each layer and segment. After
analyzing the curve, the cross-sectional area of a microvessel (A) and average myocardial microvascular lesion (β) were determined, and MBF
was calculated with A × β (Fig. 2).

2.5 Statistical analysis
JMP13.0 (SAS Institute, Inc.) software was used for statistical analysis. Numerical variables are presented as the mean ± standard deviation
(SD). A t test was used for comparisons between two groups. T' test was used when variance was uneven. Analysis of variance was used for
multigroup comparisons, and the rank sum test was used for nonpositive data. Absolute number and constituent ratio were used for statistical
description of qualitative data, and the Chi-squared test was used for statistical inference. The correlation was analyzed by rank correlation of
two variables. P < .05 was considered indicative of statistical signi�cance.

3. Results

3.1 General information and conventional echocardiography
There was no signi�cant difference in age, HR, SBP, DBP, BSA, creatinine, C-reactive protein, IVS, LVPW, or E peak between the two groups. BNP in
the DCM group was higher than that in the control group (P < 0.05). LVMI, LVEDD, LVEDS, LVEDV, LVESV, LA, LAVI, E/A, and average E/e,in the
DCM group were greater and LVEF, FS, SV, CO, CI, a peak A, interval a′ and e , sidewall a′ and e were lower than those of the control group, and the
differences were statistically signi�cant (Table 1).
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Table 1
General Information and conventional echocardiography parameters of the patients

Parameter DCM(n = 24) Control(n = 19) t/χ2 P

Gende(Female/Male) 17/7 13/6 0.029 0.864

Age(year) 44.08 ± 8.89 41.79 ± 7.23 0.933 0.356

BSA(m2) 1.93 ± 0.16 1.91 ± 0.17 0.356 0.724

SBP(mmHg) 120.75 ± 12.80 115.89 ± 9.79 1.410 0.166

DBP(mmHg) 75.96 ± 8.88 73.32 ± 8.47 0.995 0.326

BNP(µg/L) 1950.08 ± 836.34 17.40 ± 8.18 11.320 0.000

CTnI(µg/L) 0.01(0.01,0.02) 0.01(0,0.02) 0.030 0.862

CRE (µmol/L) 74.58 ± 11.66 69.89 ± 10.32 1.397 0.170

CRP(µg/L) 3.18 ± 1.52 2.89 ± 1.25 0.676 0.503

HR( / ) 77.25 ± 11.47 79.21 ± 12.45 0.531 0.599

LVDd(mm) 66.36 ± 6.14 47.80 ± 3.64 12.330 0.000

LVDs(mm) 56.16 ± 6.79 30.30 ± 3.55 16.095 0.000

IVS(mm) 7.90 ± 0.73 8.34 ± 0.60 -2.188 0.034

LVPW(mm) 8.11 ± 1.04 8.24 ± 0.81 -0.442 0.661

LVMI(g/m2) 117.70 ± 30.19 69.35 ± 10.32 7.324 0.000

LVEDV(ml) 186.58 ± 76.29 105.53 ± 12.93 5.112 0.000

LVESV(ml) 130.22 ± 63.79 31.17 ± 6.35 7.560 0.000

LVEF(%) 28.88 ± 7.91 63.22 ± 3.59 18.951 0.000

FS(%) 14(12.25,17.75) 33.00(31.00,35.00) -16.225 0.000

SV(ml) 56.36 ± 24.30 74.36 ± 8.18 -3.394 0.002

CO(L/min) 4.26 ± 1.64 5.89 ± 1.10 -3.875 0.001

CI(L/ min·m2)) 2.21 ± 0.81 3.08 ± 0.54 -4.228 0.000

LA(mm) 43.04 ± 4.75 32.21 ± 3.33 8.778 0.000

LAVI(ml/m2) 33.92(29.90,49.70) 26.42(23.92,29.62) 15.534 0.000

E peak(cm/s) 78.03 ± 22.27 87.59 ± 13.13 -1.753 0.088

A peak(cm/s) 52.48 ± 26.60 68.98 ± 21.15 -2.266 0.029

E/A 1.99 ± 1.22 1.38 ± 0.48 2.239 0.032

Septal e,(cm/s) 4.99(4.23,7.24) 8.32(7.70,10.10) 16.651 0.000

Septal a,(cm/s) 5.86 ± 2.29 10.28 ± 3.79 -4.481 0.000

Lateral e,(cm/s) 5.92(4.92,7.84) 12.90(10.80,15.10) 21.975 0.000

Lateral a,(cm/s) 6.87 ± 2.90 11.95 ± 3.98 -4.670 0.000

Average E/e, 14.55 ± 6.27 8.60 ± 2.26 4.311 0.000

Data are mean ± SD or median (Q25-Q75). BNP: brain natriuretic peptide; CTnI: cardiac troponin I; CRE: creatinine; CRP: c-reactive protein; HR:
heart rate.

3.2 Comparison of layered strain and layered perfusion
LSendo, LSmid, LSepi, CSendo, CSmid, CSepi, Aendo, Amid, Aepi, βendo, βmid, βepi, A × βendo, A × βmid, and A × βepi in the DCM group were
lower than those in the control group. The layered strain of the two groups of myocardium showed the trend of LSendo > LSmid > LSepi and



Page 6/13

CSendo > CSmid > CSepi. The layered myocardial perfusion in both groups also showed the trend of Aendo > Amid > Aepi, βendo > βmid > βepi, A 
× βendo > A × βmid > A × βepi. There were signi�cant differences in A, β, and A × β between the inner layer and the other two layers (Table 2).

Table 2
Comparison of parameters of strati�ed strain and perfusion between two groups

Parameter DCM Control P

LSendo -9.80(-13.68,-6.60) -20.65(-27.03,-14.88) 216.928 0.000

LSmid -7.65(-11.30,-4.80)* -17.40(-22.80,-12.30)* 220.989 0.000

LSepi -6.00(-10.08,-1.48)*△ -13.75(-20.03,-8.20)*△ 130.612 0.000

CSendo -12.30(-18.50,-7.63) -33.75(-41.90,-26.00) 381.415 0.000

CSmid -8.40(-13.88,-4.20)* -23.50(-30.85,-17.38)* 251.909 0.000

CSepi -5.55(-10.18,3.98)*△ -15.55(-23.20,-10.03)*△ 173.306 0.000

Aendo 20.55(17.29,24.21) 28.35(23.43,33.34) 144.174 0.000

Amid 18.61(15.24,22.05)* 25.69(20.72,30.74)* 127.327 0.000

Aepi 18.07(14.32,22.14)* 24.91(19.43,29.86)* 102.548 0.000

βendo 6.69(3.02,13.73) 7.70(4.07,15.47) 2.093 0.148

βmid 4.65(2.35,11.32)* 7.64(3.72,15.49)* 25.637 0.000

βepi 5.10(1.85,10.64)* 12.86 ± 16.16* 15.257 0.000

A × βendo 139.44(53.85,288.16) 229.20(118.58,540.66) 30.220 0.000

A × βmid 89.64(36.16,210.22)* 202.46(101.46,392.02)* 54.434 0.000

A × βepi 87.70(30.80,200.92)* 182.78(86.02,354.75)* 36.917 0.000

Data are median (Q25-Q75). endo: endocardium; mid:middle layer; epi: epicardium.

3.3 Correlation between layered strain and layered perfusion
The correlation coe�cient between LSendo and Aendo was − 0.500, between LSmid and Amid was − 0.279, between LSepi and Aepi was − 
0.190, between CSendo and Aendo was − 0.383, between CSmid and Amid was − 0.255, and between CSepi and Aepi was − 0.208. The
difference was statistically signi�cant (Table 3, Fig. 3).

Table 3
Correlation between layered strain and layered perfusion (r)

Parameter Aendo βendo A × 
βendo

Parameter Amid βmid A × 
βmid

Parameter Aepi βepi A × βepi

CSendo -0.383** -0.084* -0.140** CSmid -0.255** -0.060 -0.080* CSepi -0.208** -0.049 -0.081*

LSendo -0.500** -0.100** -0.151** LSmid -0.279** -0.064 -0.101** LSepi -0.190** -0.102** -0.118**

* indicates P < 0.05; **P 0.01

4. Discussion
DCM is one of the most common causes of heart failure. It is the most common primary myocardial disease and is characterized by ventricular
dilation and myocardial dysfunction without hypertension, valvular disease, congenital heart disease or ischemic heart disease. The pathological
basis involves extensive myocardial degeneration, atrophy and �brosis, and myocardial interstitial �brosis is the most common form. Its main
characteristics are left ventricular enlargement, diffuse reduction in ventricular wall motion, and decreased systolic and diastolic functions. In
patients with suspected heart failure or left ventricular dysfunction, echocardiography is the most important means to determine the diagnosis
of dilated cardiomyopathy by assessing the presence and severity of left ventricular dilation and dysfunction. Some studies suggest that in the
development of congestive heart failure in patients with DCM, with the complex geometric changes in the left ventricle, left ventricular structure
and myocardial systolic and/or diastolic function also change. In the absence of abnormal load or coronary artery disease, the reduction in EF
and left ventricular diastolic function can preliminarily diagnose DCM[18]. In this study, LVEDD, LVEDS, LVMI, LVEDV, and LVESV were increased,
and LVEF, FS, SV, CO, and CI were decreased in the DCM group, which can be used to evaluate the severity of left ventricular dilation and left
ventricular systolic function decrease. LA, LAVI, average E/e′, and E/A increased, whereas septal e′ and lateral e′ decreased, suggesting that DCM
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patients had a certain degree of diastolic dysfunction with decreased left ventricular systolic function. It is believed that there is a disorder and
degeneration of myocardial �bers in DCM. Collagen �ber hyperplasia and glycogen content reduction were observed in myocardial tissue, which
caused patients to have extensive myocardial lesions, myocardial contractile weakness and signi�cantly reduced left ventricular function[19],
similar to the results of previous studies.

According to the arrangement of the cardiac muscle bundle, the left ventricle is composed of three myocardial �ber layers: super�cial obliquely
directed �bers, middle circumferentially directed �bers and a deep inner layer with longitudinal �bers. The three layers of myocardium account
for 25%, 53–59%, and 20% of the ventricular wall thickness, respectively. The long axis of the subendocardial �bers is more or less at right
angles to the long axis of the �bers forming the subepicardial layer. The endocardial and epicardial myocardial bundles originate from the base,
surround the apex of the heart, and then return to the basal area to form a spiral structure. Longitudinal strain mainly re�ects longitudinal
myocardial �ber function under the endocardium, while circumferential strain mainly re�ects annular myocardial �ber function in the middle
layer [20]. Studies have shown that longitudinal arrangement (up to 70%) is the most common type of left ventricular myocardial �ber.
Longitudinal �bers have an important contribution to overall ventricular function. The longitudinal peak strain is signi�cantly related to
myocardial �brosis [21, 22, 23], and the longitudinal function is closely related to hemodynamic changes rather than changes in short axis
performance [24]. However, the results of layered speckle tracking analysis showed that the LS and CS of the three layers in patients with DCM
were signi�cantly lower than those in the normal group, showing LSendo > LSmid > LSepi, CSendo > CSmid > CSepi, indicating that the overall left
ventricular function was impaired, longitudinal and axial function were reduced, and the degree of myocardial injury in each layer and direction
was different. Both LS and CS decrease layer by layer from the endocardium to the epicardium. The strain represents the deformation of
myocardial �ber relative to the original size[25], whose production is not isolated but integral. The motion of the left ventricular wall depends on
the synergistic effect between longitudinal and circumferential muscle bundles from all directions. DCM myocardium changes due to loss of
cardiomyocytes, "slippage" of cardiomyocytes in the wall, interstitial �brosis with residual cardiomyocyte hypertrophy, etc. The myocardial
structure changes due to �ber disorder and/or an increase in the proportion of the longitudinal myocardial tract[26], which causes the left
ventricular cavity in DCM patients to be enlarged, the left ventricular mass and volume to be increased, the myocardial rotation angle to be
reduced, the longitudinal and circular motion and deformation ability of the three left ventricular layers to be decreased, and the peak strain to be
decreased[27]. Due to the difference in tension caused by the different ratio of curvature of the left ventricular endocardium and epicardium, the
degree of subendocardial myocardial �brosis in DCM patients is greater than that of the middle and subepicardial myocardium[28], which
resulted in the decrease in LS and CS from endocardium to epicardium. Although the LS and CS of the three layers were signi�cantly reduced,
compared with the control group, the trend of layer-by-layer reduction from the epicardium to the endocardium was maintained. It is believed that
the effect of myocardial �brosis on the structural and functional changes in each layer of myocardium is balanced and diffuse[29].

Although DCM is considered a nonischemic myocardial disease, patients can also experience diffuse changes in MBF in the early stages of the
disease. MBF injury is multifactorial[30], and regardless of the pathophysiology, damage to MBF in DCM may lead to myocardial ischemia and
progressive deterioration of myocardial function. Most of our knowledge about the regulation of coronary circulation and the characteristics of
coronary perfusion are based on measurements obtained from epicardial coronary artery and tissue perfusion measurements. However, the
measurements obtained from the epicardial coronary artery may mask the true blood �ow of myocardial vessels due to its main function[31].

The coronary artery system is composed of three parts with different functions: the proximal segment is represented by the epicardial coronary
artery, which has the volume function; the middle segment is represented by the anterior artery, which has the function of maintaining the
pressure at the beginning of the small artery within a narrow range; and the distal segment is represented by the intramural small artery, which
has the function of matching myocardial blood supply and oxygen consumption[32]. The latter two constitute the coronary microcirculation and
are the main factors determining coronary blood �ow. Among them, the distal small artery is the main part of MBF metabolic regulation, and
90% of the myocardial blood volume is located in the capillaries, which leads to a gradient increase in coronary perfusion in the myocardium and
more subendocardial perfusion. Therefore, the research results show that A, β, and A × β in the two groups decreased layer by layer from the
endocardium to the extracardiac region. Because of the speci�c and complex nonspeci�c histopathological features of DCM, its changes involve
all myocardial components, including cardiomyocytes, interstitium, small blood vessels and endocardium, and are usually limited to the
subendocardium[33]. At the same time, patients with DCM in the end stage show spherical dilation, wall stress increases, and oxygen demand
increases resulting in the myocardium undergoing recurrent ischemia. The corresponding increased metabolic demand cannot be met by
increasing the blood vessel density, which further aggravates myocardial ischemia, decreased left ventricular function and abnormal MDF[34].
The above changes are all signi�cant in the subendocardial myocardium[35]. Furthermore, the branches of the coronary artery in the epicardium
often penetrate into the myocardial layer vertically and generate branches in the endocardial layer. To provide effective oxygen delivery, the ratio
of capillary and myocardial �bers is 1:1. Most of the distal microarteries and capillaries pass through the length of myocardial cells; their
direction is parallel to the direction of the myocardial �ber, and each capillary has a region responsible for its nutrition[36]. The endocardium is
the farthest layer of the extracorporeal coronary artery blood �ow. During the process of contraction and relaxation, the pressure and blood �ow
of the endocardium will �uctuate violently. It is easy to observe structural and microvascular architecture changes in the early stage of the
disease. Furthermore, many factors can easily in�uence in the early stage of the disease, which leads to earlier and more serious manifestations
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of myocardial ischemia in the subendocardial myocardium[37]. Therefore, although the myocardial blood volume, blood �ow velocity and blood
�ow of three layers of left ventricular myocardium in patients with DCM were all damaged, compared with the control group, the layer-by-layer
decreasing trend from the epicardium to the endocardium was maintained. The changes in the myocardial microcirculation perfusion function in
DCM patients were diffuse; however, due to the important role of the distal small artery of the coronary artery microcirculation and the degree of
involvement of the three-layer myocardium in patients with DCM, the changes in the subendocardial myocardium were more serious in the three
layers of the myocardium.

Correlation analysis results showed that only LSendo and Aendo had a relatively signi�cant correlation. Domination of the left ventricular
myocardium by longitudinally arranged myocardial �bers, in combination with the above research results, has led to speculation that it has an
important contribution to the overall ventricular function, the degree of myocardial �brosis, the regional myocardial blood volume, and MBF
velocity and that MBF in DCM patients was more serious than that of the middle and subepicardial myocardium, which indicated that the
longitudinal function of the left ventricular myocardium was closely related to the changes in myocardial microcirculation perfusion. Because
the change in myocardial mechanics is a very complex process, the myocardial deformation of each layer depends on the active function of the
layer and the passive motion of adjacent layers. The myocardial �ber layers are not isolated but interact with each other. The division of the
myocardial layer itself is a kind of rough classi�cation based on research and is not absolute, and it has a one-to-one correspondence with
myocardial �bers[38]. The limitations of the current analysis methods lead to myocardial changes in DCM patients from both mechanical and
perfusion perspectives, but the correlation between them is weak.

4.1 Study limitations
Our study has several limitations: (1) the number of patients in the control group was relatively small; (2) patients with dilated cardiomyopathy in
the study did not undergo myocardial biopsy and did not choose other examination methods that are more sensitive to myocardial deformation
and perfusion as a reference; (3) there was no clear boundary between the three layers of left ventricular myocardium in the image, and the
analysis software used in the study also failed to perform automatic strati�cation. The choice of the three-layer myocardium is manually
selected by the researcher, which may affect the accuracy of the data. (4) Although MCE is a sensitive method for detecting coronary
microcirculation disturbance and myocardial viability, its qualitative diagnosis mainly depends on the subjective interpretation of regional
perfusion by experienced clinicians. There are few quantitative analysis studies on three-layer myocardial perfusion, and the sample size needs
to be expanded for further research.

5. Conclusion
In patients with DCM, the longitudinal and circumferential strain of the three layers of left ventricular myocardium were signi�cantly decreased,
and the gradient trend from endocardium to endocardium was maintained. The effect of myocardial �brosis on the structural and functional
changes in each layer was balanced and diffuse. The changes in the microcirculation perfusion function of the three layers were also diffuse.
However, the changes in the subendocardial myocardium were more serious in the three layers of the myocardium. LSendo and Aendo showed a
signi�cant correlation between left ventricular myocardial strain and microcirculation perfusion, suggesting that the longitudinal function of the
left ventricular myocardium is closely related to changes in myocardial microcirculation perfusion. Although the middle and outer myocardial
strains were also damaged, there was no signi�cant correlation between them.

6. Abbreviations
A cross-sectional area of a microvessel

BNP brain natriuretic peptide

BSA body surface area

CI cardiac index

CO cardiac output

CS circumferential strain

DBP diastolic blood pressure

DCM dilated cardiomyopathy

E/A E peak in early diastolic period/A peak velocity in late diastolic period
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FS fractional shortening

HF heart failure

HR heart rate

IVS interventricular septum

LAV left atrial volume

LAVI left atrial volume index

LS longitudinal strain

LVEDD left ventricular end-diastolic diameter

LVEDS left ventricular end-systolic diameter

LVEDV left ventricular end-diastolic volume

LVEF left ventricular ejection fraction

LVESV left ventricular end-systolic volume

LVM left ventricular mass

LVMI left ventricular mass index

LVPWs left ventricular posterior wall

MBF myocardial blood �ow

MCE myocardial contrast echocardiography

SBP systolic blood pressure

SCD sudden cardiac death

STI speckle tracking imaging

SV stroke volume

β average myocardial microvascular lesion
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Figure 1

The calculation of the GLS for left ventricular endocardium (A) middle layer (B) and epicardium (C) in patients with DCM apical 4-chamber
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Figure 2

The region of interest (ROIs) and results of myocardial perfusion imaging of left ventricular three-layer myocardium in patients with with DCM
(left ventricular short axis section)

Figure 3

The correlation between LSendo, CSendo and A endo


