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Abstract

Dilated cardiomyopathy (DCM) is a cardiac disease characterized by dilatation and impaired systolic function of the left or 
both ventricles. The etiology of DCM is multifactorial, and many different clinical conditions can lead to the phenotype of DCM. 
During recent years, the pathophysiology of DCM has been under intensive investigation, and, thereby, the knowledge of DCM has 
increased rapidly. However, the pathophysiological mechanisms, by which morphological modifications eventually result in clinical 
heart failure, are complex and not yet totally resolved. Better knowledge of the morphological background and disease-originating 
mechanisms would probably help us to focus early treatment on the right subjects and potentially also develop new treatment 
options in the affected patients. This study aimed to investigate the pathophysiological origin of DCM from a morphological point 
of view. Therefore, scanning electron and polarised light microscopic investigations on explanted hearts from DCM patients were 
carried out to determine the morphology of the endocardium. Tissue samples were taken from 4 male (average age; 72.21/years) 
and 2 female DCM patients (63.14years). The study population included patients suffering from DCM who were listed on transplant 
waiting lists while being clinically categorized as stage NYHA III-IV. Patients‘ hearts were explanted for cardiac transplantation 
and the explanted hearts were examined by scanning electron microscopy and polarised light microscopic investigations. The 
endocardial layer was partially desquamated from the basement membrane and showed isolated island-like cell formations. Areas 
of loosened cells connected to each other and to the basement membrane, abrasion of the endothelial cells, formation of filiform 
and lamellar Lambl’s excrescences, locally well-defined elevations above the intact endothelium, calcium deposits and hyperplasia 
of collagen fibers were detected. There were also formations resembling fungal micelles.
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Introduction
Dilated cardiomyopathy (DCM) is a cardiac disease 

characterized by dilatation and impaired systolic function of the 
left or both ventricles. DCM causes considerable morbidity and 
mortality. The etiology of DCM is multifactorial, and many different 
clinical conditions can lead to the phenotype of DCM. During recent 
years it has become evident that genetic factors play an important 
role in the etiology and pathogenesis of idiopathic DCM [1]. The 
pathophysiology of DCM has been under intensive investigation, and,  

 
thereby, the knowledge of DCM has increased rapidly. The genetic 
background of the disease seems to be relatively heterogeneous, 
and the disease-associated mutations affect mostly whole families 
and only a few separate patients. Disease-associated mutations 
have been detected for example, in genes encoding sarcomere, 
cytoskeletal, and nuclear proteins, as well as proteins involved with 
regulation of Ca2+ metabolism. However, the pathophysiological 
mechanism, by which morphological mutations eventually result 
in clinical heart failure, are complex and not yet totally resolved 
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[2-5]. Better knowledge of the pathophysiological background and 
disease-originating mechanisms would probably help us to focus 
early treatment on the the most acute subjects and potentially also 
develop new treatment modalities and improve cardiac outcome in 
the affected patients.

Most of the trials investigating the origin of DCM are focused 
on genetic disorders. However, in addition to genetic and 
pathophysiological investigations, morphological analyses of the 
internal structure of the heart are becoming increasingly important 
and may contribute to an explanation of the origin of the occurrence 
of DCM [6,7]. It is well known that genetic factors play an important 
role in the etiology and pathogenesis of idiopathic DCM [2, 8-10]. 
The origin of DCM as an endocardium-based disease has, so far, 
never been described. For this study, we investigated and now 

describe the morphology of the endocardium of DCM patients using 
polarised light microscopy in addition to conventional scanning 
electron microscopical techniques. Especially, we were interested 
in identifying a potential origin of DCM.

Materials and Methods Tissue Samples
Tissue samples from explanted hearts were taken from 

DCM patients undergoing routine cardiac surgery (cardiac 
transplantation) at the Department of Thoracic, Heart and Vascular 
Surgery, University Hospital of Goettingen, Germany. The biopsies 
were taken from 4 male (average age; 72+2 years) and 2 female 
DCM patients (63+1 years). The study population included 
cardiac transplant patients suffering from endstage DCM (NYHA 
III-IV). Table 1 presents summarized data of the basic patient 
characteristics.

Table 1: Baseline characteristics of the study population.

Dilatative Cardiomyopathy (n=6)

Male Female

Age 4 (72,1 years) 2 (72.14 years)

Comorbidities

Nicotin, active 3 (75%) 1 (50%)

Ex-nicotin 1 (25 %) 0

Hypertension 4 (100%) 1 (50%)

Diabetes 1 (25%) 1 (50%)

Hyperlipoproteinaemia 2 (50.0%) 0

Hyperuricaemia 1 (25%) 0

CHD 75 (50%) 1 (50%)

Carcinoma 0 0

Renal insufficiency 2 (50%) 0

COPD, emphysema 1(25%) 1 (50%)

Continuous variables are presented as mean + standard deviation. Categorical variables are presented as an absolute percentage. 
Abbreviations: CHD: Coronary Heart Disease, COPD: Chronic obstructive pulmonary disease

Scanning electron microscopy

In order to reveal the morphology of the explanted hearts, 
scanning electron microscopy was performed in all tissue samples. 
Specimens taken from the endocardium were fixed for 6 hours in a 
solution containing 2.5% glutaraldehyde and 0.2m Mol cacodylate. 
Afterwards, samples were dehydrated in a series of increasing 
concentrations of alcohol. After critical point drying, all samples 
were sputtered with gold-palladium. Samples were visualized 
using the digital scanning microscope (Zeiss DSM 960, Germany).

Results
Scanning electron microscopical findings

In all the tissue materials investigated, the endothelial cells were 
mostly desquamated. The remaining endothelial cells showed a 
loose binding to each other. At higher magnification, the endothelial 
cells appeared swollen and took on a foamlike appearance. The 

endothelial cells also showed similar metaplasia and loose binding 
to each other as in other endocardium parts. In addition, we found 
diffusely distributed sites of columnar endothelial cell formations 
in all tissues, some of which had lost their intercellular junction 
(Figures. 1,2). In such islets the endothelial cells had, in places, 
agglomerated to form columnar structures (Figure 3). These 
structures obviously represent a transitional form to Lambl’s 
excrescences. The Lambl excrescences occurred in a filiform and a 
lamellar form. Often the excrescences did not have an endothelial 
coating (Figure 4). Hyperplasia of the collagen fibers was clearly 
visible in such excrescences in different layers. The ratio of filiform 
to lamellar forms was approximately 80% in all specimens. Very 
often, crater-like „punched“ defects were visible on the surface of 
the myocardium, which showed an endothelial coating at higher 
magnification (Figure 5). On such altered endothelial cells, micelle-
like structures were visible (Figure 6). At higher magnification the 
micelle-like structures are better visible (Figure 7).
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Figure 1: Electron microscopical view of endocardium of explanted hearts with DCM, 500 x magnification: desquamation 
of the endothelial cells with a loose binding to each other.

Figure 2: Electron microscopical view of endocardium of Hearts with DCM, 1000 x magnification: at higher magnification, 
the endothelial cells appeared swollen with a foamlike appearance.

Figure 3: Electron microscopical view of endocardium of heart with DCM, 200 x magnification: filiform Lambl’s excrescences.
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Figure 4: Electron microscopical view of endocardium of heart with DCM, 3000 x magnification: dendothelial desquamation 
on Lambl’s excrescences.

Figure 5: Electron microscopical view of endocardium of heart with DCM, 330 x magnification: crater-like„ punched“ 
defects.

Figure 6: Electron microscopical view of endocardium of heart with DCM, 200 x magnification: micelle-like structures.
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Figure 7: Electron microscopical view of endocardium of heart with DCM, 1000 x magnification: higher magnification of 
micelle-like structures.

Discussion
Multiple etiologies of DCM, including ischemic, genetic, toxic, 

viral, inflammatory, autoimmune, and, last but not least, idiopathic 
causes are known? [11-17]. In developed countries, the incidence 
of DCM is 5- 10patients/100,000 (15-17) with a prevalence of 36 
patients/100,000 people [18,19]. Future demographic changes 
such as an aging population and greater life expectancy are expected 
to increase the incidence of DCM even more. Thus, DCM will likely 
play a growing economic and medical role in the coming years. 
[20,21]. Pathophysiologically, DCM is characterized by dilatation 
and impaired systolic function of the left or both ventricles. So far, 
the origin of this disease is thought to be a disorder of the cardiac 
muscle in which myocyte weakness leads to ventricular dilatation 
and heart failure [22,23]. However, until now, it has not yet been 
considered that the origin of DCM may be endocardium-based. 
Therefore, we performed the presented study to investigate the 
morphological role of the endocardium and its role in the origin of 
the development of DCM. In the myocardium of DCM, we were able 
to detect two differing findings. On the one hand, there are changes 
in the endothelium and the extracellular matrix, which we know 
in a very similar form from aortic and mitral valves explanted due 
to degeneration [24]. On the one hand, there is a desquamation of 
the endothelial cells, which lose their junctions to each other. They 
are also swollen. The collagen fibers are hypertrophied and have 
lost their helical structure. In addition, lamellar Lambl` excrecences 
which we have been able to demonstrate in a similar form in 
degenerated aortic and mitral valves [24] are frequent, Crater-
like defects of the endothelium have rarely been observed. On the 
other hand, we were able to detect fungal micelle-like strictures 

in all examined tissues, which mainly occurred at the edge of 
severely destroyed mycardium. The increased activation of matrix 
metalloproteinases in pathologically altered human endocardium 
emphasizes the crucial role of the extracellular matrix in the 
development of this disease [25-29]. The detection of involvement 
of the endocardium tissue in DCM suggests that pathophysiological 
processes similar to the degeneration of heart valves play a major 
etiological role in the development of DCM. Parallel to assumed 
pathophysiological processes of the heart valves, collagen substance 
transition disorders based on endothelial dysfunction could lead to 
pathologically increased stress on the extracellular matrix, which 
causes a similar response of the endothelium and the extracellular 
matrix as in the degeneration of aortic and mitral valve disease 
[30,31]. Further investigations are necessary to clarify the role of a 
possible infection aetiology.

Conclusion
In this study of explanted hearts of DCM patients, several 

morphological modifications of the endocardium and extracellular 
matrix are similarity of these alterations to the degeneration of aorta 
and mitral valves, which suggest that similar pathophysiological 
changes, such as possible disturbances in the synthesis of collagen 
fibres play an important etiological role in the development of 
DCM. The detection of micelle-like structures requires further 
clarification.
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