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Abstract: Dilated Cardiomyopathy is a high-incident disease, which diagnosis of and treatments are clinical priority. The aim of our study was to 
evaluate the diagnostic potential of cardiac magnetic resonance (CMR) imaging; echocardiography and the biochemical parameters 
that can help us differentiate between the post-ischemic and non-ischemic dilated cardiomyopathy. Materials and methods. The 
study enrolled 134 patients with dilated cardiomyopathy: 74 with the post- ischemic form and 60 with the non-ischemic one. All 
patients underwent a coronary imaging test, with echocardiogram, cardiac magnetic resonance and a blood test. Pro-inflammatory 
cytokines were evaluated using Luminex kit. Data was compared between the two groups. Results. Echocardiography allowed 
recognition of Left Ventricular Non Compaction in 2 patients. Longitudinal and circumferential strains were significantly different in 
the two groups (p<0.05). Using CMR imaging a post-myocarditis scar was diagnosed in 2 patients and a post-ischemic scar in 
95% of patients with the chronic ischemic disease. The interleukin IL-1, IL-6 and TNF-α levels were higher in the post-ischemic group 
compared with the non-ischemic one. Conclusions. The use of second level techniques with a high sensitivity and specificity would 
help distinguish among different sub-forms of dilated cardiomyopathy.

 © Versita Sp. z o.o

Keywords: Dilated cardiomyopathy • Cardiac magnetic resonance

1 Medical Clinic Riabiliter S.N.C., Via Oreto, 340 90124 Palermo, Sicilia

2 Department of Radiology, University of Palermo

Giovanni Fazio*1, Federica Vernuccio2, Emanuele Grassedonio2, Giuseppe 
Grutta1, Giuseppe Lo Re2, Massimo Midiri2

Research Article

1. Introduction
Dilated Cardiomyopathy (DCM) is a disease with a high 
incidence and has a great social impact on patients [1]. 
The main cause for development of DCM is an ischemic 
heart disease, which is thought to be responsible for 
ventricular dilatation in more than 60% of cases of DCM. 
The diagnostic and therapeutic approaches to ischemic 
heart disease are well coded, thus allowing effective 
treatment of patients [2]. On the other hand, the diag-
nostic and therapeutic strategies for non-ischemic DCM 
are usually insufficient; in fact, the definition of “non-
ischemic DCM” incorporates many different sub forms 
with different etiology, clinical diagnosis, treatments 
and outcomes, such as left ventricular non-compaction 
(LVNC), familial dilated cardiomyopathy, Takotsubo 

cardiomyopathy, post-myocarditis dilated cardiomyopa-
thy and peripartum cardiomyopathy [1,3-6]. Also, it is not 
uncommon that the protocols for diagnosis of patients 
with the post-ischemic DCM are incorrectly used to 
diagnose patients with the non-ischemic DCM.

The aim of our study was to evaluate the diagnostic 
potential of cardiac magnetic resonance (CMR) imag-
ing, echocardiography (ECG) and some biochemical 
parameters to differentiate between the ischemic DCM 
and the non-ischemic DCM,

2. Materials and methods
A total of 134 patients with dilated cardiomyopathy were 
enrolled in the study. All patients underwent invasive 
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and non-invasive coronary evaluation to diagnose post-
ischemic DCM, using coronary imaging test, echocar-
diography and the CMR. We studied the presence of 
cardiovascular risk factors such as hypertension, dyslip-
idemia, diabetes, smoking history, DCM familiarity and 
obesity, that were assessed according to the stipulated 
guidelines (see Table 1) [7-10].

All patients underwent a venous blood sample 
to investigate the following biochemical parameters: 
serum creatinine levels, peak of leukocytes, fibrinogen, 
C-reactive protein (CRP), peak of CK-MB, troponin, 
total cholesterol, LDL cholesterol, HDL cholesterol and 
triglycerides (TG) levels. The following normal range 
of these parameters was considered, for the serum 
creatinine levels (0.7-1.3 mg/dl in men; 0.6-1.1 mg/dl in 
women), leukocytes peak (3.8-11.0 10^3/ml), fibrinogen 
(200-400 mg/dl), CRP (<1.0 mg/L), CK MB (38-120 ng/
ml), troponin peak (<0.01 ng/ml), LDL-cholesterol (<130 
mg/dl), HDL-cholesterol (30-75 mg/dl) and for TG (50-
200 mg/dl).

In all patients, we analyzed 5 different cytokines 
(IL-1β, IL-1ra, IL-6, IL-10, TNF-α), pointing out pro-
inflammatory cytokines and proliferating cell inducers; 
these cytokines were evaluated using Luminex kit (R&D 
Systems). The assays were performed within the follow-
ing limits of sensitivity for the measured cytokines: TNF-
α>10pg/mL, IL-1ra>5pg/ml, IL-1β>15pg/mL, IL-6>3 pg/
mL and IL-10>5 pg/mL. The normal ranges of values 
for these cytokines were: IL-1β (0.0-2.4 pg/ml), IL-1ra 
(0.0-2.8 pg/ml), IL-6 (0.0-5.6 pg/ml), IL-10 (0.0-6.3 pg/
ml), and TNF-α (0.0-13.3 pg/ml).

All patients underwent coronary imaging test, echo-
cardiography and CMR imaging. 

The left ventricle ejection fraction (EF) was evalu-
ated along with the global and focal function of the left 
ventricle, left ventricular end-systolic and end-diastolic 
diameters, shortening fraction, left ventricle wall thick-
ness, valve structure and function, diastolic mitral 
flow and aortic outflow through 2D-echocardiography. 
Moreover, we studied the texture of pericardium and 
the left ventricle wall and considered the ratio of a 

non-compacted to compacted myocardium greater than 
>2, as a tool for diagnosis of LVNC.

In addition to the 2D-echocardiography we pro-
ceeded with   tissue Doppler imaging, strain (ε) and strain 
rate, speckle tracking and X strain; these methods al-
lowed the assessment of longitudinal, circumferential 
and radial myocardial deformation. The normal range 
of values for ECG were: left ventricle ejection fraction, 
55-70%; longitudinal strain from -15.9% to -22.1%; cir-
cumferential strain from -20.9% to -27.8% and the radial 
Strain between 35.1-59.0%.

The CMR was performed using both CINE se-
quences and T1 and T2-weighted inversion recovery 
sequences after injection of gadolinium.

All enrolled patients were asked to sign the consent 
form for further use of their personal data in agreement 
with the law 675/96, and every patient was given to read 
informative report regarding personal data protection, 
according to the same law.

All data was collected in an Excel database (Micro-
soft); statistical analysis was carried out using Student 
T-test for univariate analysis and χ2 test for multivariate 
analysis, considering statistical significant for P value 
<0.05.

3. Results
In total, 134 patients were enrolled in the study; 74 man 
(59%) with post-ischemic DCM and 60 (41%) woman 
with a non-ischemic DCM. Among the patients with non-
ischemic DCM, 2 had left ventricular non-compaction, 2 
were affected by myocarditis, 27 had a primary dilated 
cardiomyopathy (patients with high familiarity for DCM 
and without any other possible cause of DCM), and 1 
patient had a Takotsubo cardiomyopathy. All remain-
ing patients were diagnosed with the idiopathic dilated 
cardiomyopathy. The average patient age was 54±22 
years.

The biochemical parameters of the studied popula-
tion are given in Table 2.

The pro-inflammatory pattern was assessed by cyto-
kine evaluation and showed higher blood concentrations 
of some pro-inflammatory interleukins in patients with 
ischemic DCM than in patients with non ischemic DCM 
(Table 3); in fact, patients with post-ischemic DCM had 
higher concentration of IL-1β, IL-6 and TNF-a compared 
with the patients with non-ischemic DCM (*P<0.05). 

With regard to the imaging techniques, echocardio-
gram has helped identify the LVNC in 2 patients.

Moreover, the assessment of diastolic dysfunc-
tion allowed us to observe that there is a reduction of 
longitudinal, radial and circumferential function in all 

Table 1. The characteristics of the patients enrolled in the study. 
Dilated Cardomyopathy: DCM.

Risk factors Ischemic DCM Non-Ischemic 
DCM

P value 
(p<0.05)

Hypertension 67% 55% 0.136

Diabetes 23% 28% 0.478

Dyslipidemia 39% 30% 0.267

Smoking hystory 41% 40% 0.949

Familiarity 63% 55% 0.317

Obesity 33% 27% 0.468
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patients (see Table 4); however, the longitudinal and 
circumferential strains were found to be significantly 
reduced (*P<0,05) in patients with ischemic etiology 
compared with those with the primitive non-ischemic 
dilated cardiomyopathy.

Finally, the use of Delay enhacement (DE) in 
CMR imaging, has made it possible to identify: 
- post myocarditis scar in 2 patients and
- post infarction scar in 95% of patients with chronic 
ischemic heart disease.

We also documented the presence of fibrosis in 
some patients who did not have a compaction of the 
left ventricle.

Using CMR imaging it was possible to evaluate the 
different frames of imaging in patients with the LVNC 
and in patients with idiopathic dilated cardiomyopathy. 
In patients with LVNC we considered the hypertrabecu-
lar pattern, the possible involvement of the right sections 
and the absence of perfusion defects. In patients with 
the idiopathic dilated cardiomyopathy we evaluated the 
evedence for a dilated heart, a globally altered regional 
kinesia, the absence of perfusion defects and the ab-
sence of DE.

The results of use of DE in CMR imaging and results 
of measurements of EF using echocardiography in our 
population are given in Table 5.

Table 2. Biochemical parameters evaluated in the studied population. CRP: C-Reactive Protein, CK MB: Creatine Kinase-MB; LDL:Low Density 
Lipoprotein; HDL: High Density Lipoprotein; TG:triglicerids; Dilated Cardomyopathy: DCM.

Mean detected values 
in ischemic DCM

Mean detected values 
in non-ischemic DCM

Normal range P value (p<0.05)

Serum creatinine (mg/dl) 1.15 ± 1.2 1.29 ± 1.1 0.7 - 1.3 men
0.6 - 1.1 women

0.487

Leukocytes peak (10^3/ml) 10.0 ± 9.48 9.69 ± 11.4 3.8 - 11.0 0.863

Fibrinogen (mg/dl) 388.33 ± 119.7 402.33 ± 114.7 200 - 400 0.494

CRP (mg/L) 2.91 ± 6.7 2.80 ± 7.7 < 1.0 0.929

CK MB (ng/ml) 88.99 ± 110.6 87.22 ± 109.0 38 - 120 0.926

Troponin peak (ng/ml) 14.67 ± 21.0 12.52 ± 19.3 <0.01 0.542

LDL-cholesterol (mg/dl) 110.0 ± 4.0 106.33 ± 5.8 < 130 <0.05

HDL-cholesterol (mg/dl) 45.85 ± 19.0 48.9 ± 15.0 30 - 75 0.310

TG (mg/dl) 140 ± 69.0 132.45 ± 91.0 50 - 200 0.860

Table 3. Cytokine pattern in the enrolled population distinguishing between ischemic and non-ischemic dilated cardiomyopathy. IL: interleukin; 
TNF: Tumor Necrosis Factor. DCM: Dilated Cardiomyopathy.

Ischemic DCM Non-Ischemic DCM Normal range P value

(P<0.05) 

IL-1β (pg/ml) 326.9 ± 41.09 249.09 ± 34.0 0.0 - 2.4 <0.0001 

IL-1ra (pg/ml) 1420.67 ± 5608.5 225.69 ± 310.32 0.0 - 2.8 0.1019

IL-6  (pg/ml) 37.08 ± 62.91 15.21 ± 29.09 0.0 - 5.6 0.0142

IL-10 (pg/ml) 20.99 ± 35.74 18.09 ± 55.60 0.0 - 6.3 0.7155

TNF-α (pg/ml) 27.93 ± 19.95 15.19 ± 13.47 0.0 - 13.3 0.0001

Table 4. Radial, Circumferential and Longitudinal strain evaluation through tissue Doppler imaging and 2-D speckle tracking in patients with 
ischemic and non-ischemic dilated cardiomyopathy: Circumferential and Longitudinal Strains are significantly reduced in patients with 
ischemic dilated cardiomyopathy; there was not a difference with respect to the radial strain. DCM: Dilated Cardomyopathy.

Ischemic DCM Non-Ischemic DCM P value (p<0.05)

Radial strain (%) 5.6 ± 2.2 5.5 ± 3.2 0.8310

Circumferential Strain(%) 8.0 ± 2.43 11.5 ± 3.3 <0.0001 

Longitudinal Strain (%) 7.8 ± 2.43 9.0 ± 3.1 0.0156
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The results obtained using the CMR imaging were 
compared with the results of cardiac ventriculography 
(CVG) (see Table 6). It appears that there is a good cor-
respondence between the presence of subendocardial 
or transmural DE at CMR and the presence of ischemic 
heart disease diagnosed by the CVG (92% specificity 
and 83% sensitivity).

4. Discussion
The European and American epidemiological data show 
a rapidly increasing trend for patients with the DCM; this 
entails an increase number of hospitalizations, clinical 
controls, prescription of drugs and the need for social 
support network for these patients, who often lose their 
self-sufficiency.

In order to reduce the inconveniences caused to 
patients and the costs of healtcare, it is extremely impor-
tant to find strategies that would allow an early diagnosis 
of this disease as well as the identification of tailored 
and effective therapeutic pathways.

In our work we evaluated the diagnostic potential of 
the cardiac diagnostic imaging tests and biochemical 
parameters in defining the clinical pattern of patients 
with dilated cardiomyopathy, aimed at a tailored therapy.

The main cause of DCM today is ischemic heart 
disease, which is thought to be responsible for the ven-
tricular dilatation in more than 60% of cases of DCM. 
The diagnostic and therapeutic  strategies for ischemic 
heart diseases are well coded and they have allow an 
effective treatment of patients for many years [2,11-13].

In fact, all patients with DCM (that is not related to 
the ischemic heart diseases) are usually incorporated 
in the cauldron of non-ischemic dilated cardiomyopathy, 

which includes many diseases with very different etiolo-
gy, such as myocarditis, familial dilated cardiomyopathy, 
LVNC, Takotsubo cardiomyopathy, forms associated 
with systemic diseases etc.1

The diagnostic and therapeutic approaches for 
these patients are usually improperly unified, and 
protocols designed for patients with post-ischemic 
DCM are often incorrectly used for patients with the 
non-ischemic  DCM.

Using the imaging techniques we performed, most 
of the times it was possible to distinguish between the 
patients with post-ischemic and non-ischemic disease. 
Among the 134 patients, 60 were diagnosed with a 
non-ischemic DCM. In more than half of the patients, 
it was also possible to distinguish a specific etiology. 
MRI allowed the identification of 27 patients with dilated 
primitive cardiomyopath, 2 with myocarditis and 2 with 
LVNC, while echocardiogram also allowed the diagnosis 
of the LVNC.

Many recent studies in the literature are demonstrat-
ing the potential role of CMR in diagnosing DCM [14-19]. 
Athanasiadis et al., in their recent review paper have 
focused on the evidence available to date, supporting 
the late gadolinium enhancement imaging as a tool for 
prediction of future cardiovascular events in patients 
with ischemic and non-ischemic cardiomyopathies [18]. 
Grothoff et al., stated that CMR can distinguish LVNC 
from other cardiomyopathies as well as the normal 
hearts with high sensitivity and specificity; and that the 
follow-up examinations would be helpful to assess a 
potential change of non-compacted or compacted mass 
in a chronological sequence [19].

Therefore, CMR can be a useful tool in the evalua-
tion of patients with dilated cardiomyopathy as it allows 
tissue characterization, the perfusion study at rest and 
after pharmacological stress and the evaluation of 
fibrosis.

Echocardiographic techniques allowed us to iden-
tify regional deformations due to myocarditis in two 
patients, and to distinguish between post-ischemic and 
non-ischemic dilated forms through the assessment of 
myocardial longitudinal and circumferential deformation.

The humoral evaluation allowed us to demonstrate 
that the pro inflammatory status of the patients with 

Table 5. Evaluation of the use of Delay Enhancement with cardiac magnetic resonance (CMR) imaging to measure the ejection fraction versus 
use of 2-D echocardiography in enrolled patients. Delay Enhancement (DE), Ejection fraction (EF), DCM: Dilated Cardomyopathy.

All patients Ischemic DCM Non-Ischemic DCM P value   (p<0.05)

DE+ 60 70 0 <0.0001

DE- 74 4 60 <0.0001

EF (%) 36.75 ± 8.8 37.6 ± 6.5 35.3 ± 12.5 0.1726

Table 6. Cineventriculography in the enrolled patients.

Coronary status Number of patients 

No occlusion  62 

Bivasal occlusion 27

Trivasal occlusion 13 

Monovasal occlusion 32

18



G Fazio et al.

ischemic heart disease is higher in patients with non-
ischemic heart disease. As demonstrated in the litera-
ture, inflammation plays a major role in coronary heart 
disease: multiple pro-inflamatory cytokines and chemo-
kines such as interleukin IL-1β and IL-6 are higher in 
patients with coronary heart disease [21-24]. Hence, in 
line with literature and our observations we can infer that 
the activation of pro-inflammatory cytokines may now 
be considered as a marker of coronary artery diseases.  
Considering these results, we believe that the routine 
use of more sophisticated diagnostic tools as those 
used in our study, which use is spreading and which 
are more and more easily available, allows not only 
a greater accuracy in the identification of subtypes of 
DCM but also a tailored therapy for these patients. Com-
bined use of several diagnostic procedures, performed 
simultaneously to distinguish between different sub-
forms of non-ischemic dilated cardiomyopathies (such 
as the detection of Takotsubo cardiomyopathy through 
echocardiography, myocarditis by CMR, LVNC by both 
echocardiography and CMR imaging) should result in 
a greater prescriptive effectiveness and less waste of 
economic resources. 

5. Conclusions
Dilated cardiomyopathy is a high incident disease, 
which causes a growing social spending. Although the 

diagnostic approaches to ischemic heart disease are 
well coded, on the other hand the diagnostic strategies 
for non-ischemic DCM are usually inappropriate. Our 
study highlights the clinical utility of echocardiography, 
CMR imaging and pro-inflamatory cytokines in dilated 
cardiomyopathy as an important tool to discern between 
ischemic and non-ischemic subforms. In particular, CMR 
imaging can reliably diagnose many of the non-ischemic 
dilated cardiomyopathies and, along with the perfusion 
study, it allows the detection of post-infarction scar. 
Due to the study with second level imaging techniques 
it is now possible to distinguish between the different 
sub-forms of dilated cardiomyopathy with an overall ac-
curacy of 83% and a specificity of 92%.
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